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SYNOPSIS 

 

The main purpose of this research was to conduct a series of studies with the aim of 

contributing information about methods for measuring and analyzing physical 

environmental attributes of neighbourhoods and the influence of these attributes on 

specific types of physical activity behaviour. Furthermore, this research examined the 

moderating affect of the objective physical environment on the relationship between 

cognitions and physical activity behaviours and the mediating role of the cognitions on 

the associations between the objective physical environment and physical activity. The 

research included secondary analyses of data collected as part of the Studies of 

Environmental and Individual Determinants of Physical Activity (SEID1 and SEID2: 

Corti 1998; Pikora 2003) and the Physical Activity in Localities and Community 

Environments study (PLACE: Leslie et al. 2005a; Leslie et al. 2005b). Demographic, 

cognitive, social and behavioural data from the baseline and follow-up surveys from 

SEID1 (Corti 1998), and objectively measured built environmental data from SEID2 

(Pikora 2003) were analyzed. Objective and self-reported environmental, demographic, 

and behavioural data from PLACE were examined. A general focus of this thesis was to 

use underutilized statistical methods to investigate their utility in physical activity 

research (i.e. Structural Equation Modelling and Rasch Modelling - a form of Item 

Response Model). This thesis included seven specific objectives.    

 

Objective 1 of this thesis was to evaluate the statistical properties of a recently 

developed environmental audit instrument known as the Systematic Pedestrian and 

Cycling Environmental Scan (SPACES). A unique methodological advance was the use 

of the Rasch measurement model to examine objective environmental data collected in 

using SPACES in SEID2. The Rasch model is part of a family of Item Response 

Models. Item Response Models allow for five key psychometric properties to be 

assessed: 1) dimensionality of the scale; 2) location of items on the continuum measured 

by the construct; 3) evaluation of content representation or the extent to which the 

construct measured is adequately covered; 4) reliability and standard error of 

measurement of the scale across the construct; and 5) functioning of the response format 

or scoring model for each item. Using the Rasch model a set of items was derived from 

the SEID2 data that represented two conceptual physical environmental constructs: 1) 

functional/safety; and 2) aesthetics. Construct validity and internal reliability of the two 
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constructs were examined using a priori criteria based on point-biserials and Rasch 

analysis fit statistics. The Rasch analysis fit statistics assisted in identifying 12 items 

that belonged to a functional/safety construct and four items that belonged to an 

aesthetic construct. However, the reliability of the two constructs was low to moderate 

(functional/safety rβ = 0.19 and aesthetics rβ = 0.35). This reflected the lack of 

variability in SEID2 data (i.e. due to either item insensitivity or homogeneity of the 

environments audited), and the limited number of items included in each construct. 

Nevertheless, the two constructs were included in the Structural Equation Models 

examined as part of Objective 7. 

 

Objectives 2 and 3 of this thesis were examined in a single study. Objective 2 examined 

whether the distance to specific destinations from an individuals home affects walking 

for recreation, walking for transport, and vigorous-intensity physical activity using 

different neighbourhood buffers (i.e. 400 metres and 1500 metres) and Objective 3 

examined whether the presence and mix of specific types of destinations in an 

individual’s neighbourhood affects walking for recreation, walking for transport, and 

vigorous-intensity physical activity. Access to post boxes, bus stops, convenience 

stores, newsagencies, shopping malls, and transit stations within 400 metres (OR = 1.63 

to 5.00) and schools, transit stations, newsagencies, convenience stores and shopping 

malls within 1500 metres (OR = 1.75 to 2.38) of respondents’ homes were associated 

with participation in regular transport-related walking. A dose-response relationship was 

also found between the mix of neighbourhood destinations (i.e. within 400 and 1500 

metres) and walking for transport. Each additional destination located within 400 and 

1500 metres resulted in an additional 12 and 11 minutes per fortnight spent walking for 

transport, respectively. Contrary to earlier results that found proximity to recreational 

destinations was associated with physical activity, these findings suggested that 

transport-related destinations close to home may encourage additional transport 

walking, which in turn could encourage individuals to achieve sufficient levels of 

physical activity to accrue health benefits.  

 

Objective 4 of this thesis examined whether the location of physical activity-related 

destinations influence their use and their use influences physical activity behaviours. 

The likelihood of using a pay-for-use recreational destination increased for each 

additional local pay facility (OR = 1.51) located within 1600 metres of home, and was 

lower among respondents with access to a motor vehicle (OR = 0.51). The likelihood of 
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using a local free destination increased for each additional local free facility (OR = 

1.12), and was higher for women compared with men (OR = 1.64). The use of free and 

pay-for-use recreational destinations located within and outside the neighbourhood (i.e. 

defined as 1600 metres) was associated with achieving sufficient levels of both 

moderate and vigorous-intensity physical activity. These results suggest that although 

people will travel to use destinations located outside the neighbourhood, locating 

recreational destinations close to residential areas could encourage their use, which in 

turn could encourage higher levels of physical activity participation.  

 

Objective 5 of this thesis was to examine whether distances travelled to use recreational 

destinations were influences by the type of physical activity an individuals wish to 

undertake. Distances travelled to use recreational destinations were associated with the 

types of physical activity behaviours undertaken at these destinations. The results of this 

chapter suggested that on average, respondents travelled 5463 ± 5232 metres to use 

destinations for recreational physical activity. Younger adults travelled significantly 

further than older adults (7311.8 versus 6012.6 metres, p = 0.03) and residents of 

socioeconomically disadvantaged areas travelled further compared with residents of 

advantaged areas (8118.0 versus 7311.8 metres, p = 0.02) to use beaches and rivers. 

Members of sporting clubs travelled further than non-members to use parks and ovals 

(4156.3 versus 3351.6 metres, p = 0.02). The density of recreational destinations located 

within the neighbourhood was negatively associated with travel distances to use these 

destinations. These results suggest that an individual’s decision to use a recreational 

destination could be based on factors other than proximity or that individuals use 

recreational destinations that match their preferences, irrespective of where they are 

located.  

 

Objective 6 examined the correspondence between self-reported and objectively 

measured distance to destinations. The results indicated that people have difficulty in 

accurately estimating distances to destinations. For example, distances to most 

destinations close to home were overestimated, while distances to those further away 

were underestimated. Walking was differentially associated with self-reported and 

objective distances to certain types of destinations. This is important because if local 

destinations are perceived to be further away than they actually are, it will be difficult to 

convince individuals to make the effort to convert short driving trips into short walking 

trips. These findings suggest that perceptions of the built environment and the 
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objectively measured built environment may influence physical activity through 

different pathways i.e., perceptions may play a more important role in initiating physical 

activity, while the actual environment may play a more important role when physical 

activity is attempted and either supports or discourages those attempts.  

 

Objective 7 of this thesis examined the influence of psychological, social, and objective 

environmental variables on walking for recreation and vigorous-intensity physical 

activity within a socio-ecological model using Structural Equation Modelling. Structural 

Equation Models allow simultaneous analysis of multiple independent and dependent 

variables that can be either manifest or latent in a single explicit model. Findings 

provided support for the built environments direct and indirect (i.e. mediated by 

cognitions) influence on physical activity behaviours. The functional/safety construct 

(i.e. from Objective 1) was negatively associated with minutes of vigorous physical 

activity (β = -0.10), and street connectivity was positively associated with minutes of 

recreational walking (β = 0.07). The aesthetic construct (i.e. from Objective 1), 

recreational destination density and mix were significantly associated with physical 

activity-related cognitions (i.e. self-efficacy), suggesting that cognitions may mediate 

the relationship between the built environment and physical activity. There was 

evidence of moderation with a stronger association between frequency of past trying 

(physical activity) and minutes of vigorous physical activity found for respondents 

residing in neighbourhoods with higher street connectivity (β = 0.19) compared with 

lower street connectivity (β = 0.06). A stronger association between frequency of past 

trying and recreational walking was also found for respondents residing in 

neighbourhoods with more recreational destinations (β = 0.11), compared with fewer 

destinations (β = 0.00). These findings show some evidence that the built environment 

can affect exercise-related cognitions, which in turn influence physical activity.   

 

Findings of this and other research (Owen et al. 2000; Humpel et al. 2002; Saelens et al. 

2003b; Foster & Hillsdon 2004; McCormack et al. 2004; Owen et al. 2004; Badland & 

Schofield 2005; Duncan et al. 2005; Heath et al. 2006) support the need to create 

supportive environments that encourage both recreational and transport-related physical 

activity. Providing more opportunities and a greater variety of destinations close to 

home could encourage physical activity participation, and may even assist some 

individuals to achieve sufficient levels to accrue health benefits. However, additional 

research is necessary to understand how both the perceived and objectively measured 



 vi

built environment influences physical activity and to provide evidence of temporal 

causality between environments, cognitions, and physical activity behaviour.
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CHAPTER 1  
 

INTRODUCTION 
 

“…eating alone will not keep man well; he must also take exercise. For food and 

exercise, while possessing opposite qualities, yet work together to produce health. For it 

is the nature of exercise to use up material, but of food and drink to make good 

deficiencies. And it is necessary, as it appears to discern the power of various exercises, 

both natural and artificial exercises, to know which of them tends to increase flesh and 

which to less it” (Hippocrates trans. 1923a, p. 229). 

 

Participation in physical activity has long been recognized as being beneficial for health 

and wellbeing. Today, an entire field of study is devoted to understanding the benefits 

and the determinants of physical activity behaviour, with a recent focus on the built 

environments role in encouraging physical activity. This chapter presents an overview 

of the health and other benefits of participating in physical activity, the current levels of 

participation in physical activity among adults, and the correlates of physical activity 

among adults. Furthermore, the explanatory function of the social ecological model with 

regard to physical activity behaviour is explored with particular focus on the role of the 

built environment. The SEID studies will also be briefly discussed followed by the aims 

and objectives of this research and its significance to the promotion of physical activity. 

Finally, the structure of this thesis will be described. 

 

HEALTH BENEFITS OF PHYSICAL ACTIVITY PARTICIPATION 

 

Physical activity is defined as any bodily movement produced by the contraction of 

skeletal muscle that results in energy expenditure and is positively related to physical 

fitness (Caspersen et al. 1985). Exercise is one type of physical activity, that is planned, 

is structured, and provides for repetitive bodily movement and is done to improve or 

maintain one or more components of physical fitness (Caspersen et al. 1985). Moderate-

intensity physical activity is defined as any activity undertaken at an intensity of 3 to 6 

METs of energy expenditure or performed at 50 to 69 percent of maximum heart rate 

(e.g. brisk walking, mowing the lawn, swimming) (Pate et al. 1995; U.S. Department of 

Health and Human Services et al. 1999; Ainsworth et al. 2000). Vigorous-intensity 

physical activity is defined as activity requiring sustained rhythmic movements at 
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intensities of greater than 6 METs or at least 70 percent of maximum heart rate (e.g. 

jogging, aerobics) (Pate et al. 1995; U.S. Department of Health and Human Services et 

al. 1999; Ainsworth et al. 2000). A metabolic equivalent (MET) is an index of physical 

activity intensity where 1 MET is equivalent to the energy expended at rest (i.e. 3.5 ml 

O2 per kg per min). 

 

Participation in physical activity, including exercise, at moderate to vigorous intensities 

can provide several potential health enhancing benefits (Blair 1993b; U.S. Department 

of Health and Human Services 1996; Warburton et al. 2006). Findings from longitudinal 

studies consistently show that participation in greater quantities of leisure-time physical 

activity (moderate or vigorous-intensity) decreases all-cause mortality (Paffenbarger et 

al. 1986; Andersen et al. 2000; Lee & Skerrett 2001). Furthermore, increased levels of 

participation in leisure-time physical activity have been associated with reductions in 

the risk of certain cancers (Friedenreich et al. 2001) and cardiovascular disease 

(Paffenbarger et al. 1986), as well as other chronic health conditions including diabetes, 

hypertension, and depression (U.S. Department of Health and Human Services 1996; 

World Health Organization 2002). In Australia these health conditions are major 

contributors to the national disease burden (Mathers et al. 1999).  

 

Among the Australian population, 35.5 percent and 42.2 percent of deaths in males and 

females respectively, are a result of circulatory diseases (Dunn et al. 2002). Moreover, 

the approximated cost of health care in Australia during 1993 to 1994 as a result of 

cardiovascular related diseases was $3719 million - the highest ranked amongst all other 

diseases (Mathers & Penm 1999). More recently, the health care costs attributable to 

cardiovascular disease in Australia during 2000 to 2001 have increased to $5479 million 

(Australian Institute for Health and Welfare 2005b). However, much of the incidences 

of cardiovascular disease are potentially avoidable.  

 

Participation in physical activity is associated with reductions in cardiovascular-related 

diseases. Furthermore, participating in moderate-intensity physical activity can also 

provide health benefits among adults already having cardiovascular-related diseases 

(Taylor et al. 2004). Reviews of population-based studies have concluded that there is 

sufficient evidence of a dose-response relationship between the volume and intensity of 

physical activity participation and cardiovascular disease-specific mortality and 

incidence (Kohl 2001; Bauman 2004). These conclusions are confirmed by longitudinal 
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studies and clinical trials showing that participation in moderate-intensity physical 

activity reduces the risk of cardiovascular-related disease, with additional protection 

provided by participation in vigorous-intensity physical activity (Swain & Franklin 

2006). Nevertheless, walking - a moderately intense (i.e. 3 to 5 METs) (Ainsworth et al. 

2000) and popular physical activity (Siegel et al. 1995) - even at low levels can confer 

health benefits. A review of the literature showed that among women, walking for more 

than one hour per week was associated with lower relative risk (RR = 0.60 to 0.80) of 

several cardiovascular disease outcomes (i.e. coronary heart disease, stroke, 

cardiovascular disease) (Oguma & Shinoda-Tagawa 2004). A recent study reported that 

walking for only 30 minutes per day could reduce the risk of cardiovascular disease 

among men and women by 21 percent and 59 percent, respectively (Noda et al. 2005). 

While minimal amounts of walking are beneficial, participating in higher volumes of 

walking appears to provide additional protection from cardiovascular-related disease 

(Oguma & Shinoda-Tagawa 2004; Noda et al. 2005).  

 

In Australia cancer contributes to 30.2 percent and 25.2 percent of all deaths among 

males and females, respectively (Dunn et al. 2002). In particular, colorectal (i.e. colon 

and rectal), breast, and prostate cancers are reported to have the highest incidence 

compared with other common cancers in the Australian population (Australian Institute 

of Health and Welfare and Australasian Association of Cancer Registries 2003). 

Australian health system expenditure on cancer in 2000 to 2001 was approximately $2.9 

billion (Australian Institute for Health and Welfare 2005c). Lifestyle, to some extent 

influences the development of cancer. Therefore, participation in physical activity might 

provide some protection against the development of certain types of cancers.  

 

Reviews have found that participation in physical activity can reduce the risk of 

developing cancer (Friedenreich 2001; Thune & Furberg 2001). In particular, leisure-

time physical activity can reduce the relative risk of any and site-specific cancers 

including colon and breast cancers (Thune & Furberg 2001).  It is also noteworthy, that 

participation in physical activity (usually of moderate-intensity) during and following 

cancer treatment can positively influence patients’ fitness, side effects and symptoms, 

physical functioning and quality of life (Schmitz et al. 2005; Visovsky & Dvorak 2005; 

McNeely et al. 2006). 
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A recent meta-analysis, including cohort and case-control studies, showed that the 

relative risk of developing colon cancer was lower among men (RR = 0.78) and women 

(RR = 0.71) participating in recreational physical activity (Samad et al. 2005). 

However, more vigorous forms of physical activity appear to provide additional risk 

reduction from colon (Slattery 2004) and prostate cancers (Torti & Matheson 2004). In 

particular, participation in higher levels of physical activity is associated with a 10 to 30 

percent reduction in risk for developing colon cancer (Torti & Matheson 2004). 

Participation in moderate to vigorous-intensity recreational physical activity can also 

provide 12 to 60 percent reduction in the risk of developing breast cancer (Gammon et 

al. 1998; McTiernan 2003). Furthermore, vigorous-intensity, compared with moderate-

intensity physical activity has been shown to confer additional risk reduction in the 

development of lung cancer (13 percent reduction for moderate and 30 percent for 

vigorous activity) (Tardon et al. 2005). While the benefits of participating in physical 

activity are shown for breast, colorectal, and prostate  cancers there is only preliminary, 

albeit, insufficient evidence reported for the protective effect of physical activity from 

other types of cancers (e.g. endometrial, ovarian, and testicular) (Friedenreich 2001). 

Nevertheless, physical activity participation appears to play a role in cancer prevention 

and treatment recovery. 

 

Up to 23 percent of Australian adults suffer from a mental health disorder, of which 7 

percent report suffering from depressive symptoms (Andrews et al. 2001). Nationally, 

depression accounts for 8 percent of the total years of life lost due to disability and is 

considered the leading cause of non-fatal disease burden (Mathers et al. 2000). 

Although only a small proportion of adults report depressive symptoms, the health 

system expenditure on depression and other mental health disorders in Australia is 

significant (i.e. $3.741 billion during 2000 to 2001)(Australian Institute for Health and 

Welfare 2005b). Reviews of the literature report a link between physical activity and 

depression (Paluska & Schwenk 2000; Bauman 2004; Penedo & Dahn 2005), although 

evidence to date is considered preliminary (Bauman 2004). Some findings suggest that 

participation in moderate and vigorous-intensity physical activity could reduce 

depressive symptoms (Dunn et al. 2001). Furthermore, increased exercise frequency 

(Krause et al. 1993; Hassmen et al. 2000), increased exercise duration (Stewart et al. 

1994; Bhui & Fletcher 2000), and increased exercise energy expenditure (Paffenbarger 

et al. 1994) are all found to be associated with reductions in depressive symptoms in 

both cross-sectional and prospective studies. A more recent study found that individuals 
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reporting participation in regular physical activity (i.e. recreational and occupational) 

were less likely to suffer from mental disorders such as major depression (OR = 0.75), 

phobias (OR = 0.64 to 0.78), and panic attacks (OR = 0.73) compared with irregular 

participants (Goodwin 2003). This study also found a dose-response relationship 

between physical activity and several mental disorders, including major depressions 

however, their use of a non-standardized measure of physical activity and the cross-

sectional study design weaken this evidence (Goodwin 2003). Overall, the evidence 

suggests that physical activity has the potential to improve mental health through both 

the prevention and management of depressive symptoms. 

 

Diabetes is another preventable disease that places an enormous and growing burden on 

the Australian health care system. In 1993 to 1994, the monetary cost of disease and 

injury related to diabetes in Australia was estimated at $378 million (Mathers & Penm 

1999). In the past decade health care costs related to diabetes have doubled with 

spending on the disease estimated at $812 million per annum (Australian Institute for 

Health and Welfare 2005a). In Australia, recent estimates indicate that approximately 8 

percent of men and 7 percent of women have diabetes (Dunstan et al. 2002). Moreover, 

the prevalence of diabetes in Australia between 1981 and 2000 increased by 

approximately 3.8 percent (Dunstan et al. 2002). Nevertheless, it has been suggested 

that the increase in prevalence might also reflect improvements in the detection and 

treatment of the disease and hence reductions in mortality associated with diabetes and 

the aging demographic (i.e. incidences of diabetes is higher among middle-aged and 

older adults) (Boyle et al. 2001).  

 

Cross-sectional and prospective evidence suggests that participation in regular physical 

activity might prevent the development of late onset diabetes mellitus (Bassuk & 

Manson 2005; LaMonte et al. 2005). In particular, a lower risk of developing diabetes 

has been found among adults who participate in higher levels of total physical activity 

and participation in brisk walking compared with those less active (Hu et al. 1999), and 

among adults who participate in at least one 30 minute bout of leisure-time activity per 

week (Okada et al. 2000). A recent review supports the current recommendation of 30 

minutes of moderate physical activity on most days for preventing diabetes (Bassuk & 

Manson 2005). Furthermore, the therapeutic use of exercise could also improve the 

symptoms of diabetes (Hawley 2004). Hence, participation in physical activity may not 
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only protect against the development of diabetes mellitus, but may also play an 

important role in the diseases’ treatment and management.  

 

International rates of obesity suggest that the world is in the midst of a global obesity 

epidemic (World Health Organization 2000). The growing prevalence of overweight 

and obesity is of considerable concern for Australia. During 2000, the prevalence of 

overweight and obesity was estimated to be 39 percent and 20.8 percent, respectively 

(Cameron et al. 2003). Furthermore obesity and overweight in Australia accounts for 

approximately 4.3 percent of the total burden of disease (Mathers et al. 1999). Both 

genetics and the environment contribute to the development of overweight and obesity, 

however, the most common direct cause of overweight and obesity is energy imbalance. 

This imbalance is the consequence of a higher consumption of calories than that being 

expended and may be the product of over-consumption, lack of physical activity or both 

(Hill & Melanson 1999; Jakicic & Otto 2006). Increasing physical activity participation 

in the population might contribute to reducing this epidemic. Individuals who report 

more physical activity tend to gain less weight, however, it is more likely that higher 

levels of physical activity are required for weight reduction and for the prevention of 

overweight and obesity (e.g. 60 to 90 minutes of moderate activity per day) (Blair 

1993a; Fogelholm & Kukkonen-Harjula 2000; Saris et al. 2003; Wareham et al. 2005; 

Jakicic & Otto 2006). Participation in physical activity might positively reduce the risk 

of other chronic diseases directly and indirectly through its slight effect on weight and 

adiposity because overweight and obesity are risk factors for other chronic diseases (i.e. 

diabetes, hypertension, cardiovascular disease, and cancer)(Australian Institute of 

Health and Welfare 2002). 

 

OTHER BENEFITS OF PHYSICAL ACTIVITY PARTICIPATION 

 

While there are many direct health benefits associated with participating in physical 

activity of all types and intensities, numerous other benefits beyond disease prevention 

may also occur. For example, participation in physical activity and exercise can 

contribute to positive influences for workplaces. While research on the topic is limited, 

there is some evidence to suggest that higher levels of physical activity participation 

may contribute to higher productivity and job performance and less absenteeism (Proper 

et al. 2002; Pronk et al. 2004; Burton et al. 2005a).  
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Participation in physical activity, sports and recreation is also considered an outlet for 

releasing stress and anger, especially among youth (Wilsonbrewer & Spivak 1994), and 

encouraging physical activity participation among at risk populations may be one 

strategy for reducing crime and delinquency (Wilsonbrewer & Spivak 1994; Cameron 

& MacDougall 2000; Hartmann & Depro 2006). Although, direct evidence between 

recreational or sports participation and anti-social behaviour is limited, at the very least, 

promoting physical activity may be one way to recruit and retain at risk populations into 

outreach and crime prevention programs (Hartmann & Depro 2006). Walking in and 

around the neighbourhood is also said to contribute to increased social capital and 

community engagement (Leyden 2003). Social capital reflects attitudes and the 

willingness of individuals to participate in collective, civic activities and it is associated 

with positive health benefits, especially relating to mental health (Whitehead & 

Diderichsen 2001; Ziersch et al. 2005).  

 

Finally, participation in some types of physical activity, in particular the substitution of 

passive modes of transport (i.e. driving motor vehicles) for those more active modes 

(i.e. walking and cycle) has the potential to reduce traffic congestion, use of non-

renewable resources, and noise and air pollution (Ewing et al. 2003; Frank et al. 2003). 

Exposure to air pollutants from motor vehicles can negatively impact on health (Oftedal 

et al. 2003; Finkelstein et al. 2004). Moreover, reduced motor vehicle traffic may lead to 

fewer pedestrian and cyclist-related injuries and fatalities (Pucher & Dijkstra 2000; 

Pucher 2001). A significant proportion of pedestrians (17.4 percent) and cyclists (2 

percent) accounted for the 13 772 transport-related accidental deaths recorded in 

Australia between 1997 and 2003 (Australian Bureau of Statistics 2006). Furthermore, 

of those injured in road crashes between 2000 and 2002 (n = 67 118), approximately 12 

percent were pedestrians and 11 percent were cyclists (Australian Bureau of Statistics 

2006). In addition, reducing the time individuals spend in cars might also directly 

influence health by reducing overweight and obesity (Frank et al. 2004; Lopez-Zetina et 

al. 2006). As this section suggests, encouraging physical activity participation at the 

population level has the potential to provide health benefits directly and indirectly for 

individuals.  
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RECOMMENDATIONS FOR PHYSICAL ACTIVITY PARTICIPATION  

 

There is growing evidence that the accumulation of daily moderate-intensity physical 

activity can be as beneficial for health as performing longer continuous bouts of 

exercise (DeBusk et al. 1990; Murphy & Hardman 1998; Jakicic et al. 1999; Lee et al. 

2000; Murphy et al. 2002). This evidence is further supported by others who have found 

lifestyle physical activity interventions, i.e. those that are done as part of daily activities, 

to be as beneficial as structured physical activity (Leon et al. 1987; Dunn et al. 1998; 

Dunn et al. 1999). Therefore, activities such as transport-related walking, gardening, 

occupational physical activity, and incidental physical activity (i.e. short walking trips 

undertaken as part of daily chores) might more easily fit into an individual’s daily life 

than structured exercise.  

 

The findings that moderate-intensity physical activity is beneficial to health, and that 

shorter bouts are as effective as longer bouts of exercise, has resulted in a change in 

emphasis with regard to promoting physical activity in the general population. Physical 

activity recommendations are now placing less emphasis on the promotion of structured 

vigorous-intensity physical activity and more on the promotion of moderate-intensity 

activities that can be undertaken as part of normal daily living (i.e. unstructured) 

(Haskell 1994; Pate et al. 1995). Hence, this change in emphasis reflects a movement 

from promoting physical activity using an “exercise-fitness” paradigm to one that 

reflects a “physical activity-health” paradigm (Haskell 1994; Pate et al. 1995).  

 

The shift in focus from fitness to health is reflected in the change of physical activity 

recommendations over the past several decades. For example, the American College of 

Sports Medicine recommended three to four sessions 20 minutes of vigorous physical 

activity (American College of Sports Medicine 1978) while now physical activity 

recommendations suggest the accumulation of 30 minutes or more of moderate-intensity 

physical activity on most, preferably all days of the week (Pate et al. 1995). The new 

recommendation is equivalent to an energy expenditure of 200 kilocalories on 

moderate-intensity physical activity (Pate et al. 1995). Other countries including 

England (Department of Health 1996), New Zealand (www. pushplay.org.nz), and 

Australia (Commonwealth Department of Health Aged Care 1999; Egger et al. 2001) 

have adopted the “physical activity-health” paradigm in the development of their 

physical activity recommendations. More specifically, Australian physical activity 
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guidelines recommend the accumulation of 30 minutes of moderate-intensity physical 

activity on most days of the week, with participation in vigorous activity of three 20 

minute sessions for additional health benefits (Commonwealth Department of Health 

Aged Care 1999). The Australian guidelines also suggest that movement should be 

thought of as an opportunity not an inconvenience, and that individuals should be active 

everyday in as many ways as they can. Hence, these guidelines encourage adults to be 

active more generally, with less emphasis on activity type or fitness.  

 

The promotion of physical activity that can be incorporated into daily life is important 

given that “lack of time” is consistently reported as a barrier to being more active 

(Dishman & Sallis 1994; Sallis & Owen 1999) even among Australian adults (Bull et al. 

2000; McCormack et al. 2003). Time constraints may be less of a concern to individuals 

if physical activity is undertaken as part of daily chores and activities (i.e. walking to 

work, walking to the local shop, using the stairs instead of an escalator or elevator). 

Another major advantage of promoting moderate-intensity physical activity at a 

population level is that this type of activity is more likely to be attempted by sedentary 

individuals and more likely to be adhered to than more vigorous exercise oriented 

physical activity (Dishman 1988; Dishman & Buckworth 1996; Perri et al. 2002).  

 

LEVELS OF PARTICIPATION IN PHYSICAL ACTIVITY  

 

Despite the health benefits that can be acquired from participating in moderate-intensity 

physical activity, globally participation in levels of physical activity sufficient to accrue 

health benefits appears to be declining and inactivity increasing (World Health 

Organization 2002). This is a cause for concern given that a major threat to health in 

industrialized countries is sedentary lifestyles (Kaplan et al. 1993). However, trends in 

physical activity participation for some industrialized countries appear to be mixed.  

Compared with Australia, the United States (U.S.) generally has higher levels of 

inactivity (15.6 percent in 2003) and lower levels of participation in sufficient physical 

activity (46 percent in 2003), however, U.S. levels of participation have remained stable 

over the last decade (Simpson et al. 2003; Ham et al. 2004; Kruger et al. 2005; Sapkota 

et al. 2006). Although participation in leisure-time physical activity in the U.S. is stable, 

participation in other types of physical activity (i.e. transport and work-related), appear 

to be declining (Brownson et al. 2005). Participation in physical activity in New 

Zealand has increased with current data indicating that approximately 64 percent of 
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adults are sufficiently active (Simmons et al. 1996; Sport and Recreation New Zealand 

2003; McLean et al. 2005). Together these results suggest that while participation in 

some countries has increased or stabilized, still too few individuals are sufficiently 

active, and too many are inactive. The general consensus is that globally, physical 

activity levels are declining (World Health Organization 2002), and it appears that 

Australian and trends are consistent with this global trend (Bauman et al. 2001).  

 

In Australia, over one-half (57 percent) of adults report participating in sufficient 

physical activity to accrue health benefits (Bauman et al. 2001). Similar findings have 

also been reported for Western Australian adults (55 to 57 percent) (Bull et al. 2000; 

McCormack et al. 2003), and for adults in other states including South Australia 

(Department of Human Services 2002), Queensland (Queensland Health and Australian 

Institute of Health and Welfare 2003), and New South Wales (Bauman et al. 2003). 

From 1997 to 2000 participation in sufficient physical activity in Australia declined 

from 62 percent to 57 percent while during the same period the level of physical 

inactivity increased from 13.4 percent to 15.3 percent (Bauman et al. 2001).  

 

The levels of sufficient physical activity and inactivity are cause for concern given that 

sedentary lifestyles cause an estimated 13 019 deaths per year in Australia (Mathers et 

al. 1999) and 1.9 million deaths worldwide (World Health Organization 2002). 

Nationally physical inactivity adds significantly to the cost of health care, 

conservatively estimated to be $370 million annually (Stephenson et al. 2000). The 

enormity of the financial burden of inactivity can be seen in the United States where in 

1995, the health costs attributable to inactivity were estimated at U.S.$24.3 billion (2.4 

percent of total health care costs) annually (Colditz 1999). Insurance company data 

from Milwaukee U.S.A., collected in 2000, showed total medical treatment expenditure 

for heart disease, stroke, colon and breast cancer, osteoporosis, and depression and 

anxiety attributable to physical inactivity was U.S.$83.6 million or U.S.$56 per member 

(Garrett et al. 2004). Given the current global trends, the financial and non-financial 

costs associated with sedentariness will likely increase further unless more innovative 

research and subsequent health promotion interventions are undertaken to reverse this 

trend.   
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CORRELATES OF PHYSICAL ACTIVITY BEHAVIOUR  

 

The health benefits of physical activity participation are well established, however the 

correlates of physical activity participation - individual, social and environmental - are 

less well known. Physical activity behaviours are associated with demographic (e.g. 

gender, age, socioeconomic status), psychological (e.g. self-efficacy, behavioural 

control, intention, stage of change), social (e.g. support, isolation, physician advice), 

environmental (e.g. perceived and actual access to facilities, cost, climate), and 

behavioural factors (e.g. movement skill, co-ordination) (King et al. 1992; Dishman & 

Sallis 1994; Sallis & Owen 1999; Trost et al. 2002). To date, demographic, 

psychological, social and biological correlates have generally been the main focus of 

physical activity behaviour research (Dishman & Sallis 1994; Owen et al. 2000).  

 

The previous focus on individual-level correlates (i.e. psychological, cognitive and 

social) has largely been driven by psychological theories of behaviour (Marcus et al. 

1996). Social-cognitive factors including self-efficacy, perceived ability, outcome 

expectancy, risk perception, intention, subjective norm, normative beliefs, health 

beliefs, and locus of control have been the central components of many well-established 

and applied health behaviour adoption theories (Rosenstock 1974; Fishbein & Ajzen 

1975; Bandura 1977; Wallston et al. 1978; Ajzen 1985; Bandura 1986). Psychological 

theories of behaviour generally focused on the motivational factors or cognitions that 

precede behaviour rather than on the facilitating or enabling factors (e.g. the physical 

environment) (Godin 1994; Jeffery 2004). However, it should be noted that several 

recent theories, such as the Transtheoretical Model (Prochaska & Diclemente 1983; 

Prochaska & Marcus 1994) and the Health Action Process model (Schwarzer 1992) 

attempt to explain volitional or post-motivational factors associated with behaviour. 

Bandura’s social learning theory also posits reciprocal associations between the 

individual factors, the facilitating social environment, and the behaviour (Bandura 1986; 

Bandura 1997). However, the previously mentioned theories have generally focused on 

psychosocial determinants of behaviour, and less so on environmental determinants.  

 

Reviews of social-cognitive models conclude that they account for a limited amount of 

variance in physical activity behaviour - only up to 35 percent (Dishman 1988; Sallis & 

Owen 1999). This suggests that other factors, including situative resources and barriers 

may, play a significant role in determining behaviour. Norman and Conner (1996) 
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suggest that once a behavioural intention is formed then internal post-motivational 

factors such as planning, goal setting and external situative resources (i.e. 

environmental) are needed for the behaviour to be undertaken. In particular, the physical 

or built environment may contribute to variations in physical activity behaviour (Owen 

et al. 2000; Humpel et al. 2002; Owen et al. 2004). Ecological theories of behaviour 

(Lewin 1936; Moos 1973; Bronfenbrenner 1977; Stokols 1992) may provide greater 

insight into the influence of multiple-level determinants (i.e. cognitive and non-

cognitive) on behaviours such as physical activity. However, to date, there have been 

few studies that explicitly examine cognitive and non-cognitive factors in single 

explanatory models of physical activity behaviour (Leslie et al. 1999; Booth et al. 2000; 

Giles-Corti & Donovan 2002a; Troped et al. 2003). Furthermore, few studies have 

examined whether the physical environment influences physical activity behaviours 

indirectly through cognitions (Brassington et al. 2002; Prodaniuk et al. 2004; De Bruijn 

et al. 2006; Kremers et al. 2006; McNeill et al. 2006). Ecological models are needed to 

better understand the direct and indirect influences of psychological, social, and 

physical environmental variables on physical activity behaviour. 

 

SOCIAL ECOLOGICAL THEORY APPLICATION TO EXPLAINING 

PHYSICAL ACTIVITY BEHAVIOUR  

 

As early as 500 B.C. the role of the geographical conditions and the physical 

environment in determining health was recognized: 

 

“Whoever wishes to investigate medicine properly, should proceed thus: in the first 

place to consider the seasons of the year, and what effects each of them produces for 

they are not at all alike, but differ much from themselves in regard to their changes. 

Then the winds, the hot and the cold, especially such as are common to all countries, 

and then such as are peculiar to each locality. We must also consider the qualities of the 

waters, for as they differ from one another in taste and weight, so also do they differ 

much in their qualities. In the same manner, when one comes into a city to which he is a 

stranger, he ought to consider its situation, how it lies as to the winds and the rising of 

the sun; for its influence is not the same whether it lies to the north or the south, to the 

rising or to the setting sun. These things one ought to consider most attentively, and 

concerning the waters which the inhabitants use, whether they be marshy and soft, or 

hard, and running from elevated and rocky situations, and then if saltish and unfit for 
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cooking; and the ground, whether it be naked and deficient in water, or wooded and 

well watered, and whether it lies in a hollow, confined situation, or is elevated and cold; 

and the mode in which the inhabitants live, and what are their pursuits, whether they are 

fond of drinking and eating to excess, and given to indolence, or are fond of exercise 

and labor, and not given to excess in eating and drinking” (Hippocrates trans. 1923b, p. 

71-73). 

 

In more recent times, even greater emphasis has been placed on the role of the 

environment in determining health (World Health Organization 1986; World Health 

Organization 1997). The World Health Organization’s 1986 Ottawa Charter (World 

Health Organization 1986) highlighted the importance of creating supportive 

environments and building healthy public policy as two major goals for promoting 

health. Soon after the Ottawa Charter, the World Health Organization initiated the 

Healthy Cities movement. The Healthy Cities movement sought to put health high on 

the political and social agenda of cities and to build a strong movement for public health 

at the local level by implementing its “Health for all” principles (World Health 

Organization Regional Office for Europe 1997; Duhl & Sanchez 1999). These 

principles included: a commitment to health; political decision-making for public 

health; generation of intersectorial action; encouraging community participation; 

encouraging innovation; and, developing healthy public policy (World Health 

Organization Regional Office for Europe 1997).  

 

It has been posited that behaviour and the environment (including both the physical and 

social environments) cannot be studied separately (Moos 1973) and that theoretical 

models were required for studying these determinants of behaviour (Moos 1973). Since 

this time, there has been growing interest in the socio-ecological framework, which has 

provided a theoretical basis for comprehensively studying an extensive range of 

environmental variables in relation to specific behaviours. The socio-ecological 

approach incorporates the concept of the “behaviour setting”(Barker 1968), or the 

“context” in which individuals perform actions and behaviours as part of their daily 

lives (Holman 1997; Sallis & Owen 1999). Barker (1968) proposed that behaviours or 

actions can be selected by the “behaviour setting”, and that people are fairly compliant 

within their behavioural settings. Moos (1973) views behaviour settings as “stable extra-

individual units (objects) which have great coercive power over the behaviour that 

occurs within them”. Hence, environmental contexts (behaviour settings) constrain and 
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encourage a range of specific behaviours (Moos 1973), with people adapting or 

adjusting to situations and environments either by approaching or escaping  

environmental situations. For example, the closure of pedestrian access ways1, through 

which people walk or cycle to reach a destination, may lead to individuals changing 

their travel behaviour (i.e. using a motor vehicle instead) to reach that particular 

destination. From a socio-ecological standpoint behaviour is influenced by the 

environment and changing the environment has the potential to bring about long-lasting 

changes in behaviour (Willems 1977). Although somewhat difficult to modify, efforts to 

bring about changes in behaviour settings or physical environments are strategic 

because the environment has relatively permanent features or attributes, that can 

potentially influence large numbers of people over a long period (Bauman et al. 1999; 

Sallis & Owen 1999). 

 

One of the first frameworks for describing the relationship between the environment and 

behaviour was developed by Lewin (1936), who several decades ago proclaimed that 

behaviour is a function of intrapersonal processes (i.e. physiological and psychological) 

and environmental dimensions (i.e. physical, social, and cultural). Recent ecological 

frameworks have expanded upon Lewin’s work, proposing that behaviour is a result of 

multiple reciprocating levels of influence (Bronfenbrenner 1977; McLeroy et al. 1988). 

The inclusion of variables (e.g. physical environment) other than those found at the 

individual level (e.g. age, gender, attitudes) is consistent with socio-ecological 

perspective (Bronfenbrenner 1977; McLeroy et al. 1988; Stokols 1992).  

 

Bronfenbrenner (1977) proposed a complex socio-ecological model that included 

microsystem, mesosystem, exosystem and macrosystem levels of influence. This model 

included nested levels of influential factors on behaviour. As part of this nested model: 

the microsystem includes the immediate environmental setting in which the individual is 

situated (e.g. school, home); the mesosystem reflected the interrelations between these 

different settings (i.e. a series of microsystems); the exosystem reflected institutions to 

which the mesosystems belong (e.g. neighbourhoods, governments); and the 

macrosystem reflected cultures and subcultures (e.g. laws, rules) to which exosystems 

belong (Bronfenbrenner 1977). Using a similar approach, McLeroy et al.’s (1988) 

socio-ecological model stated even more specifically, the interacting levels of influence 
                                                 
1 Pedestrian Access Ways (PAWs) are normally located at the end of cul-de-sacs and provide a through 
route. Through routes can improve pedestrian connectivity (i.e. how directly an individual can travel from 
place to place via the existing transport network)  
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on behaviour including intrapersonal, interpersonal, institutional, community, and 

public policy.  

 

However, the use of socio-ecological models for studying physical activity behaviour is 

a relatively recent development. This is in response to the fact that the predictive 

capacity of behavioural models in particular for studying physical activity behaviour has 

been limited (Baranowski et al. 1998) and that biological, psychological, and social 

factors have generally been the main focus of recent physical activity behaviour 

research (Owen et al. 2000). Combining models that simultaneously examine the 

psychosocial and physical environmental determinants of physical activity behaviour - 

in other words taking a socio-ecological approach - may improve the predictive validity 

of models of physical activity, while providing information about the interrelationships 

about these determinants (Saelens et al. 2003b). The strength of the association between 

the mediators and physical activity and the interrelationships between the mediators 

themselves needs to be better understood and more theoretical development is required 

(Baranowski et al. 1998). Socio-ecological frameworks that include new theoretical 

constructs are required to better understand mediators and moderators of physical 

activity behaviour, including physical and built environmental constructs (Lewis et al. 

2002). 

 

Several reviews show that there is growing evidence of the physical environments 

influence on leisure or recreational physical activity (Sallis et al. 1998; Humpel et al. 

2002; Trost et al. 2002) and transport walking and cycling behaviours (Saelens et al. 

2003b; Owen et al. 2004). Saelens et al. (2003b) suggest that the environment may be 

more influential over activities like walking and cycling because these activities are 

performed for a range of purposes such as transport and recreation. Hence, different 

physical environmental attributes influence specific behaviours (Barker 1968; Sallis et 

al. 1998; Giles-Corti et al. 2005b). Barker (1968) proposed that behaviours have their 

own “special environmental context”. This concept is supported by Sallis et al.’s (1998) 

proposition that both the amount and type of physical activity performed is influenced 

by specific environments (e.g. utilitarian destinations for transport-related walking, 

recreational destinations for leisure walking). This has implications for better 

understanding about how the physical environment can be created and manipulated to 

increase physical activity participation. 
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Generally, behaviour models that incorporate multiple physical activity correlates 

including intrapersonal, social and physical environmental attributes are required to 

extend our knowledge about how to increase levels of physical activity participation. 

More emphasis needs to be placed on research involving the environments in which 

physical activity can be undertaken. 

 

THE SOCIAL, ENVIRONMENTAL, AND INDIVIDUAL DETERMINANTS OF 

PHYSICAL ACTIVITY STUDIES 

 

This PhD thesis extends two previous major studies and involves secondary analysis of 

data from Social, Environmental and Individual Determinants of Physical Activity 

referred to as SEID1 (Corti 1998) and SEID2. Briefly, SEID1 (Corti 1998) included a 

cross-section of adults aged 18 to 59 years (n = 1803) from a 408 kilometre2 area of 

Perth, Western Australia bound by the Hepburn Avenue (North), Point Resolution 

(South), Lord Street (East) and the coast (West). Respondents were recruited from 277 

census collectors’ districts (CCD) from the 80th (137 CCDs and n = 929) and 20th (140 

CCDs and n = 874) percentiles of social disadvantage. Data collection was conducted in 

November 1995 and the procedure involved a face-to-face survey in the respondents 

home with a follow-up telephone survey (n = 1474) that was undertaken two to four 

weeks later. The follow-up data are yet to be analyzed and will be used in this thesis. 

The main aim of SEID1 was to measure the influence of environmental and individual 

factors on the participation in recreational physical activity amongst sedentary workers 

and homemakers.  

 

SEID2 (Pikora 2003) contributed a major advancement in the understanding of the 

interaction between the physical environment and physical activity. The overall aim of 

this study was to examine the association between the physical environment and 

walking and cycling behaviours. A conceptual framework for assessing the 

environmental determinants of walking and cycling was developed based on an 

extensive review of the health, environmental, urban planning, and transport literature, 

as well as expert consultation and interviews (Pikora et al. 2003). Based on the 

conceptual framework an instrument for auditing the physical environment, known as 

the Systematic Pedestrian and Cycling Environmental Scan (SPACES), was developed 

(Pikora et al. 2003). The scan included data from field observations, Geographical 
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Information Systems (GIS), and other external sources (i.e. traffic volume and speed, air 

quality data).  

 

In SEID2 field observations of the physical environment were undertaken on 

neighbourhoods surrounding homes (environment within a 400 metre radius) of survey 

participants from the SEID1 study (Corti 1998). Observations of the environment were 

collected at the segment level (i.e. section of street between intersections), and 

environmental characteristics of segments, within a person’s neighbourhood being 

aggregated to form a neighbourhood environmental score.  

 

AIMS OF THIS RESEARCH 

 

The main objective of this PhD was to conduct a series of methodological studies with 

the aim of contributing information about methods for measuring and analyzing 

physical environmental attributes of neighbourhoods and the influence of these 

attributes on specific types of physical activity behaviour. Furthermore, this PhD 

examined the moderating effect of the objective physical environment on the 

relationship between cognitions and physical activity behaviours and the mediating role 

of cognitions on associations between the objective physical environment and physical 

activity. The specific objectives of this study were: 

 

Objective 1 

 

• To evaluate the statistical properties of a recently developed environmental audit 

instrument known as the Systematic Pedestrian and Cycling Environmental Scan 

(SPACES) (Pikora 2003).  

 

Objective 2 

 

• To examine how the distance of specific destinations from an individuals home 

affects walking for recreation, walking for transport, and vigorous-intensity 

physical activity using different “buffers” (i.e. 400 metres and 1500 metres). 
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Objective 3 

 

• To examine how the presence and mix of specific types of destinations in an 

individual’s neighbourhood affects walking for recreation, walking for transport, 

and vigorous-intensity physical activity.  

 

Objective 4 

 

• To examine whether the location of physical activity-related destinations 

influences their use and whether their use influences physical activity 

behaviours.  

 

Objective 5 

 

• To examine whether distances travelled to use recreational destinations are 

influenced by the type of physical activity individuals wish to undertake.  

 

Objective 6 

 

• To examine the relationship between the self-reported (i.e. perceived) and 

objectively measured physical environments.  

 

Objective 7 

 

• To examine the influence of psychological, social, and objective physical 

environmental variables on walking for recreation and vigorous-intensity 

physical activity within a socio-ecological model using Structural Equation 

Modelling.  

 

SIGNIFICANCE OF THIS RESEARCH 

 

This research applied a previously unused method for scoring and analyzing the 

physical environmental data in relation to physical activity behaviour, which, if found to 

be accurate and efficient, would provide additional options for analyzing similar data in 

future studies. There is a current need to examine context-specific behaviours and 
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behaviour-specific contexts to better understand the relationships between the physical 

environment and physical activity (Owen et al. 2004; Giles-Corti et al. 2005b; Heath et 

al. 2006). Research undertaken in this thesis examined the association between specific 

types of neighbourhood utilitarian and recreational destinations and participation in 

specific physical activity behaviours including vigorous-intensity activity, recreational 

walking and transport-related walking. More specifically, the current research examined 

how the density (i.e. total number of neighbourhood destinations), the mix (i.e. the 

variety of neighbourhood destinations) and proximity of destinations influenced the 

specific physical activity behaviours. These findings will inform urban planners as to 

the types of destinations that could be included in neighbourhoods to encourage higher 

levels of physical activity participation.   

 

The mechanisms explaining how the built environment influences physical activity are 

unknown. In particular, an understanding of the indirect influence of the built 

environment on physical activity is required. This research examined the relationships 

between the built environment and physical activity-related cognitions and the influence 

of both the environment and cognitions on physical activity. Few studies have examined 

the mediating role of cognitions in associations between the built environment and 

physical activity (Brassington et al. 2002; Prodaniuk et al. 2004; De Bruijn et al. 2006; 

McNeill et al. 2006). Moreover, no studies to date have examined this association using 

data collected from objectively built environment. Furthermore, this research examined 

the moderating role of the built environment on the relationship between the cognitions 

and physical activity behaviours. A better understanding of how the environment 

moderates the relationship between psychosocial processes and physical activity could 

help explain why highly motivated individuals never become active. Together the 

results of this thesis will contribute to the scientific literature and inform the 

development of healthy public policy and the creation of supportive environments for 

physical activity. Moreover, the findings of this and other research (Owen et al. 2000; 

Humpel et al. 2002; Saelens et al. 2003b; Foster & Hillsdon 2004; McCormack et al. 

2004; Owen et al. 2004; Badland & Schofield 2005; Duncan et al. 2005; Heath et al. 

2006) can be used to inform ecological-based physical activity interventions which 

target changes in behaviour at the population level. 
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Ethics approval for the SEID1 and SEID2 projects was obtained from The University of 

Western Australia Human Ethics Committee. Given that no additional data were 

collected as part of this thesis (i.e. secondary analysis only), and that all data were de-

identified ethics approval for the analyses undertaken in this thesis was not required.   

 

 

STRUCTURE OF THESIS 

 

This thesis has ten chapters, of which two have been published and two have been 

accepted for publication in peer-review scientific journals (i.e. Chapters 2, 4, 6, and 8) 

and three which are under-review (i.e. Chapters 5, 7, and 9). Chapter 2 provides a 

comprehensive review of the literature regarding the associations between the built 

environment and physical activity behaviour and has been published in the Journal of 

Science and Medicine in Sport (McCormack et al. 2004). Chapter 3 describes the 

methods, with particular focus on the databases and statistical methods used.  

 

Each results chapter was written and structured as a manuscript (i.e. title page, list of 

contributing authors, background, methods, results, and discussion). Chapters 4 through 

9 are results chapters and describe five studies undertaken as part of this thesis. The 

contents of Chapter 4 was published in the International Journal of Behavioral Nutrition 

and Physical Activity (McCormack et al. 2006). The contents of Chapter 6 has been 

accepted for publication in the Journal of Physical Activity and Health (McCormack et 

al. in press-a) while the contents of Chapter 8 has been accepted for publication in the 

International Journal of Behavioral Nutrition and Physical Activity (McCormack et al. 

in press-b). Results Chapters 4 through 7 include studies that focus on the contribution 

of recreational and transport-related destinations for encouraging physical activity 

participation. Chapter 8 presents a methodological study describing the construction 

indices that represent the supportiveness of the physical environment for walking. 

Chapter 9 presents a study which tests a theoretical ecological model of physical 

activity behaviour. Finally, Chapter 10 is the overall discussion for this thesis and 
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includes a summary of the results found in studies undertaken in this thesis, the 

implications of the results, study limitations, conclusions and recommendations. 
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CHAPTER 2 

 
AN UPDATE OF RECENT EVIDENCE OF THE 

RELATIONSHIP BETWEEN OBJECTIVE AND SELF-

REPORT MEASURES OF THE BUILT ENVIRONMENT 

AND PHYSICAL ACTIVITY2 
 

ABSTRACT 

 
The built environment has the potential to influence the physical behaviours of large 

numbers of people; hence creating supportive environments has the potential to increase 

physical activity. During the last decade, there has been growing interest in how the 

physical environment shapes physical activity behaviour. This area of research is 

important given that levels of physical activity participation are declining globally.  

 

Literature was reviewed that examined the association between physical environmental 

attributes and physical activity behaviours. The environmental attributes were grouped 

into four categories based on a conceptual framework of environmental factors that 

might influence physical activity and included functionality, safety, aesthetics and 

destinations. Positive associations were found between both perceived and objectively 

measured environmental factors and physical activity behaviour. The availability, 

accessibility, and convenience of destinations and facilities, as well as the general 

functionality of the neighbourhood (e.g. the presence of sidewalks, traffic conditions) 

and aesthetics were positively associated with various levels of physical activity.  

 

The review highlights the need for future studies: to examine behaviour-specific 

environmental attributes; to collect objectively measured environmental data and to 

include both objective and perceived environmental data in the same studies; and to 

adopt prospective study designs to allow causal relationships to be established. 

 

                                                 
2 The original version of this chapter has been published: McCormack, G., Giles-Corti, B., Lange, A., 
Smith, T., Martin, K., Pikora, T., 2004. An update of recent evidence of the relationship between 
objective and self-report measures of the physical environment and physical activity behaviours. Journal 
of Science and Medicine in Sport, 7, 81-92 (see Appendix 1-A). 
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BACKGROUND 

 
Growing concern about the limited predictive capacity of models that focus on 

biological, psychological, and social factors (Baranowski et al. 1998; Owen et al. 2000), 

has prompted a greater emphasis on understanding the impact of physical environment 

on physical activity in the last 5 to 10 years. This shift reflects the World Health 

Organization’s 1986 Ottawa Charter (World Health Organization 1986) which 

highlighted the importance of creating supportive environments and building healthy 

public policy as two major goals for promoting health. It has also prompted the 

development of social-ecological models for investigating the effects of the physical 

environment on physical activity behaviour. These models are complex and 

conceptualize behaviour as being determined by multiple levels of influence (i.e. 

intrapersonal, interpersonal, institutional, community and legislative or policy level) 

(McLeroy et al. 1988; Stokols 1992). 

  

The creation of supportive environments has enormous potential to encourage more 

physical activity at a population level, because the physical environment has the 

capacity to influence large numbers of people (Sallis & Owen 1999). It also provides 

“behaviour settings” that can influence the behaviours undertaken in those settings 

(Barker 1968) and provides opportunities, barriers and cues that can facilitate or 

discourage behaviour (Wicker 1979; Milio 1986; McLeroy et al. 1988; Stokols 1992) 

including physical activity (Sallis & Owen 1999).  

 

The main focus of this paper is the built environment rather than the naturally occurring 

environment, because the built environment is open to public policy reform.  In terms of 

walking and cycling, the “built environment” has been said to consist of three main 

interacting characteristics that influence behaviour: land use patterns (i.e. arrangement 

of land uses); urban design characteristics (i.e. environmental attributes or qualities); 

and the transportation system (i.e. the links between destinations and places) (Frank et 

al. 2003). Pikora and colleagues have taken a slightly broader perspective using a 

conceptual framework that groups environmental attributes under four constructs: 

functionality (i.e. walking surface characteristics, street width, traffic, and 

permeability); safety (i.e. personal and traffic safety); aesthetics (i.e. streetscape and 

views); and destinations (i.e. existence of facilities) (Pikora et al. 2002; Pikora et al. 

2003). 
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Several recent reviews of the effects of the physical environment on physical activity 

behaviour have been undertaken from a public health (Sallis et al. 1998; Humpel et al. 

2002) and transportation perspective (Saelens et al. 2003b). These reviews provide 

evidence of the associations between a range of built environmental attributes and 

physical activity behaviours. However, compared with other behaviours the built 

environment may be more influential as a correlate of walking and cycling. This appears 

to be because transport and recreational activities are generally performed locally (i.e. 

close to home) (Saelens et al. 2003b) and there is a good match between these 

behaviours and the built environment. Different aspects of the physical environment 

influence different behaviours (Barker 1968; Sallis et al. 1998). Barker (1968) suggests 

this is because behaviours have their own “special environmental context”- a concept 

supported by others (Sallis et al. 1998).  

 

This review updates evidence on the association between the physical environment and 

physical activity behaviour. The focus is on recent evidence from 2000 to the present. 

Consistent with the development of this field of research, recent evidence of the 

associations between both the self-reported and objectively measured physical 

environment and physical activity behaviour is reviewed. Furthermore, this review 

examines the concept of context-specific physical activity behaviour by examining 

independently environmental attributes that influence: 1) walking for recreation and 

transport; 2) non-walking moderate and vigorous-intensity physical activity (i.e. where 

walking is not examined specifically); and 3) overall levels of physical activity.  

 

METHODS 

 
Only quantitative cross-sectional, quasi-experimental and intervention studies 

investigating the association between the physical environment and physical activity 

behaviour in adults published since 2000 were included. Readers interested in earlier 

studies are directed to recently published reviews by Humpel et al. (2002) and Saelens 

et al. (2003b).  

 

Studies included were those with any measure of physical activity behaviour as an 

outcome, correlate, or predictor variable, regardless of its purposes (e.g. transport-

related, recreational, or exercise). Self-report measures of physical activity behaviour 
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included in this review were: participation (e.g. yes/no); frequency and/or duration of 

participation; use of a facility for physical activity; and any combination of those 

previously mentioned (e.g. measures of sufficient or recommended levels of physical 

activity). Objective measures of physical activity included the pedometer or 

accelerometer.  

 

In addition, studies were required to have collected self-reported (i.e. perceived) or 

objectively measured environmental data (e.g. Geographical Information Systems 

(GIS), observer collected, audit data) with which associations with physical activity 

measures had been made. Studies that developed composite environmental scores were 

only retained if the majority of items that formed the composite score were related to 

the physical environment.  

 

Four databases from the health and transport disciplines were searched including 

Medline, ISI Current Contents, SPORTDiscus, and Transport Research Information 

Services Online (National Transportation Library, U.S. Department of Transport). 

Keywords used in the search included: policy, urban planning, urban design, 

environment, sprawl, neighbourhood, facilities, parks, and equipment combined with 

the terms: walking, physical activity, cycling, bicycling, sedentary, inactivity, 

pedestrian, recreation, vigorous, and exercise. Additional articles were also sourced 

from published articles. 

 

Two main groups of studies were reviewed, according to the type of environmental data 

collected: those that included objective environmental measures and those that included 

self-reported environmental measures. Where both self-reported and objective 

environmental data were collected in the same study, these data contributed to both the 

self-reported environment and objectively measured environment summaries.  

 

A previously developed conceptual framework for examining the association between 

the physical environment and walking for recreation and transport was used as a guide 

to categorize related physical environmental attributes (Pikora et al. 2003). This 

framework proposes four main features or overall factors that could be used to 

summarize physical environmental attributes. These factors included: functionality (i.e. 

walking surface characteristics, street width, traffic, permeability, or the overall 

structural design of the environment); safety (i.e. personal and traffic safety); aesthetics 
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(i.e. streetscape and views); and destinations (i.e. existence of facilities). The 

associations with the self-reported and objectively measured physical environments 

with walking and non-walking physical activity were then examined. Interventions 

studies were summarized separately. Summaries of each study included in this review 

are presented in Appendix 1-B (i.e. Tables 31 and 32). Studies reporting significant 

associations between self-reported environmental attributes and physical activity 

behaviours are presented in Table 1. Table 2 presents studies reporting significant 

associations between objectively measured environmental attributes and physical 

activity.  

 

EVIDENCE TO DATE 

 
Of the 42 studies that incorporated objective measures of the physical environment, 28 

examined associations with self-reported walking (Greenwald & Boarnet 2001; Handy 

& Clifton 2001; Craig et al. 2002; Giles-Corti & Donovan 2002b; Ewing et al. 2003; 

Giles-Corti & Donovan 2003; Lund 2003; Saelens et al. 2003a; Troped et al. 2003; 

Frank et al. 2004; Humpel et al. 2004a; Humpel et al. 2004b; Wilson et al. 2004; 

Duncan & Mummery 2005; Giles-Corti et al. 2005a; Rutt & Coleman 2005b; Cao et al. 

2006; Doyle et al. 2006; Frank et al. 2006; Handy et al. 2006; Krizek & Johnson 2006; 

Lee & Moudon 2006a; Lee & Moudon 2006b; Michael et al. 2006; Moudon et al. 2006; 

Pikora et al. 2006; McGinn et al. in press), 14 examined associations with moderate-

intensity activity (e.g. active transport, cycling) (Saelens et al. 2003a; Troped et al. 

2003; Rodriguez & Joo 2004; Wendel-Vos et al. 2004; Hoehner et al. 2005; Moudon et 

al. 2005; Rutt & Coleman 2005a; Van Lenthe et al. 2005; Zlot & Schmid 2005; Frank et 

al. 2006; Handy et al. 2006; Krizek & Johnson 2006; Rodriguez et al. 2006; McGinn et 

al. in press), five examined associations with vigorous-intensity activity (Giles-Corti & 

Donovan 2002b; Stahl et al. 2002; Saelens et al. 2003a; Rutt & Coleman 2005a; 

Rodriguez et al. 2006), and 10 examined associations with sufficient or overall levels of 

physical activity (Giles-Corti & Donovan 2002a; Ewing et al. 2003; Humpel et al. 

2004b; Wilson et al. 2004; Duncan & Mummery 2005; Giles-Corti et al. 2005a; Reed & 

Phillips 2005; Zlot & Schmid 2005; Rodriguez et al. 2006; McGinn et al. in press). 

Furthermore, four studies reported the use of facilities related to physical activity 

participation (Troped et al. 2001; Giles-Corti & Donovan 2002a; Giles-Corti et al. 

2005a; Berke et al. 2006) and four studies captured physical activity using 
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accelerometers or pedometers (Saelens et al. 2003a; Frank et al. 2005; King et al. 2005; 

Rodriguez et al. 2005).  

 

Notably, 60 studies examined perceptions of the environment either with or without the 

inclusion of objective measures of the environment. Thirty studies specifically 

examined the association of perceptions of the physical environment with walking 

(Brownson et al. 2000; Ball et al. 2001; Handy & Clifton 2001; Berrigan & Troiano 

2002; Carnegie et al. 2002; Giles-Corti & Donovan 2002b; Nies 2002; De 

Bourdeaudhuij et al. 2003; King et al. 2003; Lund 2003; Salmon et al. 2003; Addy et al. 

2004; Foster et al. 2004; Humpel et al. 2004a; Humpel et al. 2004b; Wilson et al. 2004; 

Burton et al. 2005b; Duncan & Mummery 2005; Fuzhong Li et al. 2005; Suminski et al. 

2005; Troped et al. 2005; Cao et al. 2006; Handy et al. 2006; Lee & Moudon 2006b; 

McNeill et al. 2006; Michael et al. 2006; Moudon et al. 2006; Pierce et al. 2006; Reed et 

al. 2006; McGinn et al. in press) and 36 studies measured the achievement of 

recommended, sufficient, or overall levels of physical activity (Booth et al. 2000; King 

et al. 2000; Wilcox et al. 2000; Brownson et al. 2001; Rutten et al. 2001; Carnegie et al. 

2002; Nies 2002; Stahl et al. 2002; Ainsworth et al. 2003; De Bourdeaudhuij et al. 

2003; Huston et al. 2003; King et al. 2003; Parks et al. 2003; Powell et al. 2003; Salmon 

et al. 2003; Sanderson et al. 2003; Voorhees & Young 2003; Wilbur et al. 2003; Young 

& Voorhees 2003; Addy et al. 2004; Humpel et al. 2004b; Rutten & Abu-Omar 2004; 

Sharpe et al. 2004; Wilson et al. 2004; Atkinson et al. 2005; Blanchard et al. 2005; 

Burton et al. 2005b; Chad et al. 2005; Deshpande et al. 2005; Duncan & Mummery 

2005; Garcia Bengoechea et al. 2005; Hoehner et al. 2005; Troped et al. 2005; Reed et 

al. 2006; Zlot et al. 2006; McGinn et al. in press). Other measures included a self-

perceived rating of physical activity in comparison with others of the same age and 

gender (Duncan et al. 2002), total minutes of walking and/or cycling (Troped et al. 

2003; Krizek & Johnson 2006), days per week participating in at least 30 minutes of 

physical activity (Blanchard et al. 2005), non-walking leisure-time activity (Berrigan & 

Troiano 2002) and physical inactivity (Vest & Valadez 2005). Seven studies examined 

the association between vigorous-intensity physical activity and the physical 

environment (Giles-Corti & Donovan 2002b; De Bourdeaudhuij et al. 2003; Salmon et 

al. 2003; Atkinson et al. 2005; Burton et al. 2005b; Titze et al. 2005; McNeill et al. 

2006) and two studies used pedometers (King et al. 2003) or accelerometers (Atkinson 

et al. 2005) to capture physical activity. Two studies also examined the association 
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between use of a community trail and the perceived environment (Neff et al. 2000; 

Troped et al. 2001). 

 

ASSOCIATIONS WITH WALKING BEHAVIOUR 

 
Functionality 

 
Several studies used composite environmental scores based on the objective measured 

environment in models to predict walking. The scores broadly represent the 

functionality, physical, or structural design of the built environment. Ewing et al. (2003) 

developed a sprawl index calculated using objective measures of density, land use mix, 

street accessibility and degree of centring. They found that level of sprawl at the county 

and metropolitan levels were negatively associated with minutes spent walking in the 

past month. Objectively measured neighbourhood environmental attributes including 

accessibility, continuity, connectivity, traffic information, transportation network 

characteristics, aesthetics, safety, and destination information were together positively 

associated with the proportion of adults walking to work (Craig et al. 2002). However, 

the association between individual built attributes and walking could not be ascertained 

from this study. 

 

Walking for recreation was also found to be positively associated with an aggregate 

index of functionality that included objective measures of the walking surface 

characteristics, street width, traffic characteristics, and street permeability (Pikora et al. 

2006). Noteworthy, is that individual environmental attributes, that contribute to 

functionality indexes that measure supportive environments, have themselves been 

found to be associated with walking behaviour. For example, street connectivity and 

residential or population density are found to be positively associated with walking 

(Greenwald & Boarnet 2001; Frank et al. 2004; Frank et al. 2005; Moudon et al. 2006).  

 

Others have found that individuals who perceived that traffic is bothersome (Carnegie et 

al. 2002) or that there is heavy traffic and busy streets (Giles-Corti & Donovan 2002b; 

Cao et al. 2006) in their neighbourhood participated in more walking compared with 

others. These findings suggest that while heavy traffic may act as a barrier to walking, it 

is likely that those who participate in the most walking are also the most aware of the 

traffic conditions or where it is more walkable there is more traffic. Noteworthy, the 

presence of hills or a steep gradient has been found to be positively associated with 
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recreational or leisure-time walking (Lee & Moudon 2006b; McGinn et al. in press), but 

negatively associated with transport-related walking (Lee & Moudon 2006b), 

suggesting that similar environmental attributes may have differential effects on 

walking behaviours. 

 

The perceived presence of sidewalks in the neighbourhood has been shown to be 

associated with higher levels of walking (Giles-Corti & Donovan 2002b; De 

Bourdeaudhuij et al. 2003; Addy et al. 2004; Reed et al. 2006), which is congruent with 

associations observed between the objective presence and quality of sidewalks and 

walking behaviours (Duncan & Mummery 2005; Lee & Moudon 2006b; Pikora et al. 

2006). Specifically, Pikora et al. (2006) found that environmental attributes that 

contributed to the quality of the walking surface (i.e. path suitability, path surface, path 

and maintenance) to be associated with walking for both transport-related and 

recreational purposes.  

 

Living in a high-walkability neighbourhood (investigator-determined) was associated 

with increased walking for errands outside the home (Saelens et al. 2003a), while 

individuals who reported living in recently built homes, walked less (Berrigan & 

Troiano 2002) and performed fewer pedometer-counted steps than those living in older 

homes (King et al. 2005). In addition, perceptions of the functionality, overall design, or 

quality of the physical environment have been found to be positively associated with 

walking behaviours (Carnegie et al. 2002; King et al. 2003; Suminski et al. 2005; Zlot et 

al. 2006).  

 

Safety 

 

More studies investigated the relationship between walking behaviour and aspects of 

perceived safety compared with objectively measured safety. As a measure of objective 

safety, Duncan and Mummery (2005) found that the number of registered dogs within 

800 metres of home was negatively associated with walking. Doyle et al. (2006) found a 

negative association between the frequency of walking at least one-mile in the last 

month and county crime rates however, this association was no longer statistically 

significant when adjusted for county walkability (i.e. block size, intersection density). 

Overall, perceiving the neighbourhood to be safe was positively associated with walking 

behaviours (Giles-Corti & Donovan 2002b; Foster et al. 2004; Fuzhong Li et al. 2005; 
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Suminski et al. 2005; Cao et al. 2006; Handy et al. 2006; Pierce et al. 2006) although 

one study found perception of neighbourhood safety to be negatively associated with 

neighbourhood walking among men (Humpel et al. 2004a). It is possible that other 

factors such as gender and age may moderate the relationship between perceptions of 

safety and walking behaviours. 

 

Aesthetics 

 

Findings on aesthetics and its relationship with physical activity behaviour are mixed.  

An “appeal of the environment” variable, based on street type (i.e. cul-de-sac, highway, 

or thoroughfare) and the presence of trees, was not found to be associated with walking 

for recreation, although there was a positive non-significant association (p = 0.06) 

between overall walking as recommended and having only minor traffic and some trees 

(Giles-Corti & Donovan 2003). A more recent study also found that visual interest and 

aesthetic environment attributes did not contribute to the overall neighbourhood 

environmental score, suggesting that these attributes maybe a less important correlate of 

walking behaviours (Craig et al. 2002). However, access to objectively measured 

attractive and large public open space were more likely to achieve high levels of 

walking (i.e. at least 180 minutes per week) (Giles-Corti et al. 2005a), while in another 

study the objectively captured presence of graffiti and vandalism was negatively 

associated with neighbourhood walking (Michael et al. 2006). 

 

Despite inconsistent results in studies using objective measures, perceived measures of 

environmental aesthetics have frequently been shown to be positively associated with 

walking behaviour. Carnegie et al. (2002) reported that adults who walked for 21 

minutes or more per week had more positive perceptions of the aesthetics of their 

environment compared with those who spent less time walking. Similarly, Ball et al. 

(2001) found that the likelihood of any walking decreased as the level of self-reported 

local area aesthetics decreased. Furthermore, the perceived pleasantness of the physical 

environment for walking and physical activity has been consistently shown to be 

associated with walking for different purposes (Humpel et al. 2004a; Humpel et al. 

2004b; Burton et al. 2005b; Handy et al. 2006; McNeill et al. 2006; Moudon et al. 

2006). Preliminary evidence also suggests that the presence of trees and shade may 

encourage recreational walking (Cao et al. 2006). 
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Destinations 

 

Studies of the impact of access to destinations on behaviour include measures of 

“accessibility” that consider the presence or absence of destinations, the spatial 

distribution of facilities, the desirability of a destination, and the time or cost of travel to 

a destination (Giles-Corti & Donovan 2002a). Handy (1996) suggests that the pattern of 

activities; their quantity, variety, proximity and connectivity (i.e. provided by the 

transport network) determined accessibility. Measures of overall access to destinations 

and facilities have been found to be both positively (Lee & Moudon 2006a; Pikora et al. 

2006) and negatively (Rutt & Coleman 2005b) associated with walking behaviours. It 

appears that the direction of these relationships may depend on the type of walking 

being examined. For example, access to shops has been found to be negatively 

associated with walking for recreation (Lund 2003), but positively associated with 

walking for transport and walking for other purposes (Lund 2003; Michael et al. 2006).  

 

Positive associations also have been found between walking for recreation, walking for 

transport, and walking as recommended and spatial accessibility to large attractive 

public open space and to the beach (Giles-Corti & Donovan 2002b; Giles-Corti & 

Donovan 2003). Generally, distances to malls, restaurants, post offices, banks, child day 

care centres and the coast are negatively associated with walking behaviours (Handy & 

Clifton 2001; Humpel et al. 2004a; Humpel et al. 2004b; Reed & Phillips 2005; Lee & 

Moudon 2006b), although this appears to depend upon the type of walking behaviour 

being examined (see Table 2). Moreover, the mix of neighbourhood destinations is 

consistently shown to encourage high levels of walking (Frank et al. 2004; Frank et al. 

2005; Handy et al. 2006).  

 

Similarly, several studies have found positive relationships between perceived access to 

destinations or facilities and walking. Perceived convenience of facilities or places to be 

physically active has been associated with higher levels of walking (Ball et al. 2001; 

King et al. 2003; Humpel et al. 2004a; Humpel et al. 2004b; Fuzhong Li et al. 2005; 

Handy et al. 2006). More specifically, perceived access to indoor exercise facilities 

(Brownson et al. 2000), shops (Handy & Clifton 2001; Giles-Corti & Donovan 2002b; 

King et al. 2003; Foster et al. 2004; Michael et al. 2006), walking/jogging and cycling 

trails (Brownson et al. 2000; King et al. 2003; Wilson et al. 2004; Pierce et al. 2006), 

local parks (King et al. 2003; Addy et al. 2004; Foster et al. 2004), transport stops (De 
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Bourdeaudhuij et al. 2003), and the perceived number of destinations within walking 

distance (King et al. 2003; Suminski et al. 2005; Pierce et al. 2006) have all been found 

to positively correlate with walking overall or with walking for transport.  

 

In addition, it has been suggested that other factors such as the quality of the 

destinations, whether the facility or destination meets the needs of the user or the 

consumer and parking availability may also be associated with walking behaviour 

(Handy & Clifton 2001). Noteworthy, is that the availability of parking facilities at 

destinations close to home has been found to be negatively associated with transport-

related walking (Pikora et al. 2006). Transport-related walking has also been found to 

be higher among those perceiving higher quality of shops in their neighbourhood (Cao 

et al. 2006; Handy et al. 2006). Moreover, another study found the attractiveness and 

size of public open space to be more important than proximity for encouraging high 

levels of walking (Giles-Corti et al. 2005a). Overall, the previously discussed studies 

show that both objective and perceived measures of access, proximity and convenience 

have the potential to influence walking behaviour. However, more research into how the 

quality of destinations may encourage walking is necessary.  

 

ASSOCIATIONS WITH TOTAL PHYSICAL ACTIVITY 

  

Functionality 

 

A sprawl index was found to be associated with meeting recommended levels of 

physical activity (Ewing et al. 2003). Moreover, accelerometer-measured time spent in 

moderate-intensity and overall physical activity was found to be higher among those 

living in a high-walkability neighbourhood, compared with those in a low-walkable 

neighbourhood (Saelens et al. 2003a). A neighbourhood walkability index reflecting 

residential density, intersection density, land use mix, and retail floor area ratio was also 

found to be positively associated with weekly minutes of active transport (i.e. walking 

and cycling combined)(Frank et al. 2006). 

 

Environmental characteristics encountered en route to destinations or facilities may 

potentially act as barriers to using these facilities. However, findings for the association 

between topography and overall levels of physical activity appear to be mixed. 

Rodríguez and Joo (2004) and Troped et al. (2001) found that the actual slope or 
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topography of the local terrain decreased being physically active e.g. the likelihood of 

using non-motorized transport and use of a bikeway. In support of these findings, 

McGinn et al. (in press) found that respondents not reporting hills as a barrier to being 

more active, were more likely to participate in recommended levels of leisure-time 

physical activity compared with those reporting hills. Conversely, King and colleagues 

(2000) found that women who reported the presence of hills in their neighbourhood 

were more likely to meet recommended physical activity levels - findings supported by 

others (Brownson et al. 2001; Chad et al. 2005). Like studies that found positive 

associations between heavy traffic conditions and walking behaviour, it is possible that 

individuals, who are more active generally in their neighbourhood, may simply be more 

aware of its topography. 

 

Several studies have reported an increased likelihood of meeting sufficient levels of 

physical activity among women who perceived traffic as being light (Ainsworth et al. 

2003; Young & Voorhees 2003). In contrast, others have found that perceived heavy 

traffic was associated with increased likelihood of achieving recommended levels of 

physical activity in a cross-section of adults (Brownson et al. 2001). In addition, Van 

Lenthe et al. (2005) reported an increased likelihood of almost never walking, cycling, 

or gardening during leisure-time among adults reporting high levels of noise pollution 

from traffic.  

 

The presence of footpaths and bicycle paths may also encourage physical activity. The 

perceived presence or availability of sidewalks has been associated with participating in 

sufficient levels of physical activity among women (Ainsworth et al. 2003), mixed 

samples (Brownson et al. 2001; Troped et al. 2003), older adults (Booth et al. 2000) and 

Caucasians (Reed et al. 2006). The perceived presence of footpaths was found to be the 

most important neighbourhood correlate of meeting recommended levels of physical 

activity among higher income earners (Brownson et al. 2001). Furthermore, higher 

quality sidewalks may encourage higher levels of moderate-intensity physical activity 

(De Bourdeaudhuij et al. 2003). Another study found that the availability of shoulders 

on the streets was also positively associated with participating in regular physical 

activity (Deshpande et al. 2005). Conversely, the objectively assessed conditions of 

sidewalks (i.e. fewer street segments with cracks in the path) were shown to be 

negatively associated with participating in transport-related physical activity (Hoehner 
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et al. 2005). This finding might suggest that more walkable neighbourhoods, which are 

often older, may have paths that are more likely to be worn or damaged.  

 

Nevertheless, the majority of studies to date suggest that sidewalks and their related 

attributes are important for providing opportunities for walking and could encourage 

higher levels of physical activity participation.  

 

Safety 

 

Limited studies examined associations between overall levels of physical activity and 

objective measures of safety. Using GIS to identify neighbourhood and community 

incidents of violent crime, Wilson et al. (2004) found no association between crime and 

recommended levels of physical activity. Similarly, Hoehner et al. (2005) found no 

association between the count of crime watch signs and participation transportation or 

recreational physical activity. Counter-intuitively, another study found that respondents 

residing in neighbourhoods requiring little police attention were more likely to almost 

never participate in sports compared with those residing in neighbourhoods requiring 

more police attention (Van Lenthe et al. 2005). The negative association found between 

police attention and neighbourhood socioeconomic status in this study suggests that 

other neighbourhood factors may explain this unexpected result. Nevertheless, studies 

investigating the association between perceived safety and total physical activity have 

been undertaken and individuals reporting their neighbourhood as unsafe have been 

found to have a greater likelihood of being inactive during leisure-time compared with 

those reporting their neighbourhood as safe (Vest & Valadez 2005). Latino (Voorhees 

& Young 2003) and African-American women (Wilbur et al. 2003) who perceived their 

neighbourhood as safe from crime were more likely to meet recommended levels of 

physical activity. Similarly, another study found that adults who perceived a high level 

of crime in their neighbourhood were less likely to do so (Brownson et al. 2001). 

Furthermore, other elements of safety, such as perceived presence of streetlights, were 

found to be positively associated with transportation-related physical activity (Troped et 

al. 2003), while the perceived presence of unattended dogs was positively associated 

with achieving recommended levels of physical activity (King et al. 2000) and overall 

levels of physical activity in older adults (Chad et al. 2005).  
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Aesthetics 

 

One study was found that examined associations between objectively measured 

aesthetics and overall levels of physical activity independent of other physical 

environmental attributes (Hoehner et al. 2005). Hoehner et al. (2005) found that both 

objectively measured and perceptions of attributes related to neighbourhood aesthetics 

such as having minimal garbage, litter, and broken glass was negatively associated with 

participating in recommended levels of recreational physical activity. In a contrary 

finding, perceiving enjoyable or interesting scenery or an aesthetically pleasing 

neighbourhood environment has been associated with increased levels of physical 

activity (King et al. 2000; Wilcox et al. 2000; Brownson et al. 2001; Deshpande et al. 

2005; Garcia Bengoechea et al. 2005; Vest & Valadez 2005). Moreover, the perceived 

presence of enjoyable scenery was found to be positively associated with time spent 

participating in transport-related physical activity (Troped et al. 2003) and in low-

income earners, recommended levels of physical activity (Brownson et al. 2001). 

Finally, women who were both of poor health and perceived their neighbourhood to be 

unattractive were found to be more likely to regress from regular leisure-time running 

during a two-year period (Titze et al. 2005). 

 

Destinations 

 

Actual distance to facilities or destinations appears to be negatively associated with the 

use of facilities such as shops (Handy & Clifton 2001), community trails (Troped et al. 

2001; Troped et al. 2003) and exercise facilities (Berke et al. 2006). Both the perceived 

and objectively measured presence of parks and trails close to home (i.e. with 400 

metres) was measured in one study and found to be associated with the use of these 

destinations (Hoehner et al. 2005). Spatial access to the beach was found to be 

associated with vigorous-intensity physical activity (Giles-Corti & Donovan 2002b). 

Proximity to exercise facilities has been found to be positively correlated with intensity 

and duration of physical activity among college students (Reed & Phillips 2005) 

however, in a study by Rutt and Colman (2005a) increases in distance to the closest 

physical activity facilities was positively associated with participation in vigorous-

intensity physical activity. While not providing the strongest level of evidence, an 

ecological study showed a moderate positive correlation between the percentage of 
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community parkland and time walking and cycling combined (Zlot & Schmid 2005). 

Similarly, Wendel-Vos et al. (2004) found a positive association between the total area 

of sports grounds within 300 and 500 metres of respondents homes and time per week 

spent walking and cycling. Moreover, the mix of neighbourhood destinations have also 

been associated with high levels of transport-related physical activity (Frank et al. 2004; 

Hoehner et al. 2005) and cycling (Handy et al. 2006). 

 

The perceived distance to destinations or facilities has also been found to be negatively 

associated with overall levels of physical activity (Troped et al. 2001; King et al. 2003; 

Van Lenthe et al. 2005), while perceived access to exercise and non-exercise related 

destinations or facilities appears positively associated with overall or recommended 

levels of physical activity (Booth et al. 2000; Brownson et al. 2001; Huston et al. 2003; 

Parks et al. 2003; Humpel et al. 2004b; Blanchard et al. 2005; Deshpande et al. 2005; 

Hoehner et al. 2005). The perceived availability of facilities is also associated with total 

time spent participating in moderate and vigorous-intensity physical activity (McNeill et 

al. 2006). More specifically, perceived access to, or convenience of local parks is 

associated with participation in overall and recommended levels of physical activity 

(Booth et al. 2000; Brownson et al. 2001; Parks et al. 2003; Powell et al. 2003; Foster et 

al. 2004; Chad et al. 2005). Furthermore, the perceived number of destinations within 

walking distance or within the neighbourhood has also been found to be positively 

associated with overall levels of physical activity (King et al. 2003; Blanchard et al. 

2005), while the perceived mix of destinations was positively correlated with 

participation in moderate physical activity among women (De Bourdeaudhuij et al. 

2003) and recommended levels of recreational physical activity among adults (Hoehner 

et al. 2005).  

 

While evidence regarding the quality of destinations and its effect on physical activity 

levels is limited, in general, studies to date suggest that actual and perceived proximity 

and access to recreational and other destinations are important for encouraging overall 

and recommended levels of physical activity. Furthermore, it is likely that specific types 

of destinations and facilities influence or encourage different types of physical activity 

behaviours.  
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Intervention and quasi-longitudinal studies 

 

Five recent intervention studies were found from the literature search (Kerr 2001; 

Faskunger et al. 2003; Merom et al. 2003; Kerr et al. 2004; Evenson et al. 2005). One, 

attempted to increase the use of a recently constructed cycleway, found that while there 

was no increase in the total time spent walking or cycling, observation of the trail 

indicated increases in cycle traffic over a five-month intervention period (Merom et al. 

2003). A number of studies involving increasing stair use have been published. One 

intervention study found a two-fold increase in the number of females and a 90 percent 

increase in the number of males using the stairs after the addition of stair prompts (Kerr 

2001). Faskunger et al. (2003) found that train commuter behaviours adapted (i.e. 

changed from escalator use to stair climbing) when access to station escalators was 

restricted while the access to stairs was improved concurrently. Improving the quality of 

workplace stairwells, by playing music and adding artwork and motivational signs was 

found to be associated with immediate increases in frequency of stair use (Kerr et al. 

2004).  

 

The fact that only five published intervention or quasi-longitudinal studies were found 

since 2000 reflects the difficulty of changing the environment and the difficulty of 

measuring that change for study purposes. Intervention studies will provide information 

about the causal relationship between the built environment and physical activity - the 

piece of the puzzle that is clearly lacking from research undertaken to date. Thus, there 

is a need for researchers and funding bodies to be opportunistic and take advantage of 

natural experiments that occur when an environmental change is implemented. 

 

DISCUSSION 

 

The review suggests that there has been an increase in the number of studies 

incorporating environmental measures; although most of these have incorporated self-

reported rather than objectively measured environmental attributes. The evidence 

suggests that both perceived and objectively measured physical environmental attributes 

appear to be associated with walking, non-walking moderate and vigorous-intensity as 

well as overall levels of physical activity (see Tables 1 and 2).  
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Although there were some inconsistent and counter-intuitive findings in general, 

environmental attributes related to the functionality, aesthetics and destinations in 

neighbourhoods all appear to be associated with physical activity. The findings related 

to safety were mixed highlighting the need to measure both personal and traffic safety. 

People who perceived there was busy or bothersome traffic appeared more likely to 

walk (Carnegie et al. 2002; Giles-Corti & Donovan 2002b; Cao et al. 2006), while there 

was evidence of a negative relationship between perceptions of crime and 

neighbourhood safety and participation in physical activity (Brownson et al. 2001; 

Giles-Corti & Donovan 2002b; Voorhees & Young 2003; Wilbur et al. 2003; Foster et 

al. 2004; Fuzhong Li et al. 2005; Suminski et al. 2005; Cao et al. 2006; Handy et al. 

2006; Pierce et al. 2006).  

 

Clearly, access to destinations is critical. Studies have consistently found that access to 

facilities and the distance to, and availability of, destinations such as shops, public 

transport, and parks were associated with a range of physical activity behaviours. Street 

or urban design, level of sprawl, traffic conditions, and presence of paths and sidewalks 

also appeared to be important functional environmental attributes for both walking and 

physical activity generally. While the objective results were mixed, perceived 

neighbourhood aesthetics including the presence of trees, having a variety of views, and 

having enjoyable scenery were found to be important correlates.  

 

This review updates the evidence and confirms that the built environment appears to be 

associated with physical activity behaviour. However, causality cannot be implied 

because the majority of studies to date have been cross-sectional. This limitation was 

also identified by Humpel et al. (2002), who commented that the field is still at a 

descriptive stage. It is therefore not yet known whether people choose environments that 

match their behaviour or whether the environment shapes their behaviour. Recent 

evidence suggests that neighbourhood self-selection may explain part of the association 

found between the built environment and walking (Cao et al. 2006; Handy et al. 2006). 

However, studies controlling for neighbourhood self-selection, using quasi-

experimental or quasi-longitudinal designs (Handy et al. 2006), or statistically adjusting 

for neighbourhood preferences and attitudes (Cao et al. 2006; Handy et al. 2006) have 

still shown significant associations between the built environment and physical activity.  
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For the most part, the studies reviewed adjusted for other variables. When examining 

the associations between the built environment and physical activity studies adjusted for 

demographic characteristics, social factors, cognitions and other neighbourhood level 

characteristics (i.e. socioeconomic status). The inclusion of other explanatory variables 

into models examining the associations between the built environment and physical 

activity is important because 1) independent associations between the environmental 

attributes and physical activity can be estimated and 2) the mechanisms by which the 

built environment influences physical activity can be examined (i.e. through mediation 

analysis). The influence of the built environment on physical activity on occasions 

attenuated when results were adjusted for individual level variables (Giles-Corti and 

Donovan, 2002a; Troped et al., 2003; Prodaniuk et al., 2004; Garcia Bengoechea et al., 

2005). Thus individual level variables may mediate the association between the 

environment and physical activity. The role of cognitions mediating the association 

between the perceptions of the built environment and physical activity is supported 

elsewhere (Brassington et al. 2002; Prodaniuk et al. 2004; De Bruijn et al. 2006; 

McNeill et al. 2006), although this evidence is lacking for relationships that include the 

objectively measured built environment.  Moreover, as shown in this review perceptions 

and objective measures of the same environmental attributes can have a differential 

influence on physical activity, further supporting the role of cognitions in the 

environment-behaviour relationship. 

 

Future studies need to incorporate both objective measures of the environment as well 

as perceptions of the environment. It is possible that individuals, who are more active, 

are more aware of aspects of local environment than those who are less active - rather 

than having access to superior environments. This may account for both the apparently 

positive effects as well as some of the counter-intuitive findings. For example, 

environmental attributes such as the perceived presence of unattended dogs (King et al. 

2000; Chad et al. 2005), and perceived presence of heavy traffic, were both associated 

with higher levels of physical activity (Brownson et al. 2001; Giles-Corti & Donovan 

2002b; Cao et al. 2006). It is possible that individuals who are active in their 

neighbourhoods may simply be more cognizant of these hazards than those who are 

inactive - rather than the environment being different. The collection of both objective 

and perceived environmental data, as well as use of prospective and quasi-experimental 

study designs may help clarify these issues. 
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Several critical issues were identified from this review.  At this stage, there:   

• Is an over-reliance on self-reported environmental data;  

• Is a lack of association between specific types of physical activity and the 

specific settings in which these activities are performed; 

• Is a lack of causal evidence due to the cross-sectional study designs and a need 

for prospective and quasi-experimental and quasi-longitudinal design studies; 

• Are differences between studies in how the same attributes of the physical 

environment are measured, making comparisons between studies difficult; and 

• Are insufficient studies of environmental factors influencing physical activity 

levels of special needs groups, such as those with disabilities and the elderly. 

 

It is therefore recommended that future research: 

• Includes both perceived and objectively measured environmental data in the 

same studies;  

• Examines physical activity performed in specific settings, to strengthen the 

associations between behaviour and environmental context; 

• Uses both aggregate and disaggregate level environmental data to determine the 

levels of influence of variables used in composite measures; 

• Uses prospective study designs (i.e. either natural experiments or interventions) 

where possible; 

• Examines how the environment moderates physical activity behaviour, given 

other known correlates of physical activity (e.g. self-efficacy, intention, 

enjoyment); and 

• Investigates the issue of objective safety and perceived safety (differentiating 

between traffic and personal safety) and how these may affect physical activity 

participation. 

 

CONCLUSION 

 

Physical activity levels are decreasing worldwide and locally (Bauman et al. 2001; 

World Health Organization 2002), thus improved strategies for increasing physical 

activity levels at the population level are required. Compared with other commonly used 

health promotion strategies (e.g. mass media), the creation of supportive environments 

is potentially a long-term sustainable strategy for promoting physical activity 

participation. However, a strong evidence base is required to identify ‘best buys’ that 
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are most likely to be effective. Research into the association between the physical 

environment and physical activity behaviour is critical. Although in its infancy, the 

research findings to date are promising. However, stronger evidence, using improved 

study designs and building on lessons from research undertaken to date, is essential to 

support the need for change.   
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Table 1. Studies from 2000 to the present reporting statistically significant associations between walking and other physical activity (i.e. 

total, vigorous, and moderate activity) and the objectively measured built environment∗ 
Attribute Walking for recreation, exercise or 

leisure 
Walking for transport Walking for any purpose or overall Other physical activity 

FUNCTIONALITY 
 

    

Length or percentage of 
sidewalks in the 
neighbourhood/quality of 
walking surface 
 

+ (Lee & Vernez Moudon, 2006b)  
+ (Pikora et al. 2006) 

+ (Pikora et al. 2006)  + (Rodriguez & Joo 2004) 
+ (Hoehner et al. 2005)  
  

Presence of footpath in 
neighbourhood 
 

  + (Duncan & Mummery 2005)  

Parking facilities  
 

 - (Pikora et al. 2006)   

Hills, slope or gradient 
 

   - (Troped et al. 2001) 
- (Rodriguez & Joo 2004) 
 

Urban or physical form 
(e.g. age of home) or 
neighbourhood design 
 

 + (Handy 2001)  
 

+ (Berrigan & Troiano 2002)  
+ (King et al. 2005) 

+ (Rodriguez et al. 2006) 

Population, residential or 
neighbourhood density 

 + (Greenwald & Boarnet 2001) + (Lee & Moudon 2006a) 
+ (Moudon et al. 2006)  
+ (Frank et al. 2005)  
+ (Rodriguez et al. 2005)  
+ (Frank et al. 2004) 
 

 

Retail density  + (Greenwald & Boarnet 2001)   

                                                 
∗ Attribute categories broadly represent environmental characteristics that are considered similar or related. For more detail about the environmental attributes and physical 
activity variables used in each study see summary Tables 31 and 32 (Appendix 1-B) 
 



 

 

 43 

Table 1 continued. Studies from 2000 to the present reporting statistically significant associations between walking and other physical activity 

(i.e. total, vigorous, and moderate activity) and the objectively measured built environment 
Attribute Walking for recreation, exercise or 

leisure 
Walking for transport Walking for any purpose or overall Other physical activity 

Connectivity (including 
intersection density, grid 
pattern) 
 

 + (Greenwald & Boarnet 2001) + (Moudon et al. 2006)  
+ (Frank et al. 2005)  
+ (Frank et al. 2004) 
 

+ (Rodriguez et al. 2005) 

Practical environment, 
functionality, physical or 
overall design 

+ (Pikora et al. 2006) + (Greenwald & Boarnet 2001) 
+ (Craig et al. 2002)  
+ (Pikora et al. 2006) 
 

+ (Giles-Corti & Donovan 2003)  
+ (Ewing et al. 2003)  
+ (Doyle et al. 2006)  
+ (Frank et al. 2005) 
 

+ (Saelens et al. 2003a)  
+ (Ewing et al. 2003)  
+ (Frank et al. 2006) 
 

Point-of-choice prompts 
 

   + (Kerr 2001) 

Access to stairs 
 

   + (Faskunger et al. 2003) 

Stairwell beautification 
 

   + (Kerr et al. 2004) 

SAFETY 
 

    

Presence of dogs in the 
neighbourhood 
 

  - (Duncan & Mummery 2005)  

Level of police attention 
required in neighbourhood 
 

   + (Van Lenthe et al. 2005) 

DESTINATIONS 
 

    

Distance to a bikeway or 
trail 

   - (Troped et al. 2001)  
- (Troped et al. 2003)  
- (Moudon et al. 2005) 
 

Distance to a mall, store, 
shop or retail 

 -  (Handy 2001)  
+ (Krizek & Johnson 2006)  
-  (Lee & Moudon 2006b)  

 + (Krizek & Johnson 2006) 
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Table 1 continued. Studies from 2000 to the present reporting statistically significant associations between walking and other physical activity 

(i.e. total, vigorous, and moderate activity) and the objectively measured built environment 
Attribute Walking for recreation, exercise or 

leisure 
Walking for transport Walking for any purpose or overall Other physical activity 

Distance to exercise 
facilities 
 

  - (Reed & Phillips 2005) - (Rutt & Coleman 2005a) 
- (Berke et al. 2006) 

Distance to the coast   - (Humpel et al. 2004b)  
- (Humpel et al. 2004a) 
 

 

Distance to restaurants  
 

 - (Lee & Moudon 2006b)   

Distance to a post office 
 

 - (Lee & Moudon 2006b)   

Distance to day care 
 

- (Lee & Moudon 2006b)    

Distance to nearest bank 
 

 -  (Lee & Moudon 2006b) + (Handy et al. 2006)  

Distance to a health club 
 

   + (Handy et al. 2006) 

Area/proportion of sports 
grounds/parkland in 
neighbourhood 
 

   + (Wendel-Vos et al. 2004) 
+ (Zlot & Schmid 2005)  
 

Access to facilities or 
destinations overall 

- (Rutt & Coleman 2005b) + (Pikora et al. 2006) + (Lee & Moudon 2006a) 
 

+ (Hoehner et al. 2005) 
+ (Giles-Corti & Donovan 2002a) 
 

Number of banks 
 

  + (Handy et al. 2006)  

Land use mix + (Rutt & Coleman 2005b)  + (Frank et al. 2005)  
+ (Frank et al. 2004) 
+ (Handy et al. 2006) 
 

+ (Handy et al. 2006) 
+ (Hoehner et al. 2005) 
 

Access to/presence of a 
mall, store, or retail 

- (Lund 2003) + (Lund 2003) + (Michael et al. 2006)  
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Table 1 continued. Studies from 2000 to the present reporting statistically significant associations between walking and other physical activity 

(i.e. total, vigorous, and moderate activity) and the objectively measured built environment 
Attribute Walking for recreation, exercise or 

leisure 
Walking for transport Walking for any purpose or overall Other physical activity 

 
Access to/presence of a post 
office 
 

  + (King et al. 2005)  

Access to/presence of a golf 
course 
 

  + (King et al. 2005)  

Access to/presence of a 
newsagent  
 

- (Duncan & Mummery 2005)    

Access to/presence of 
beaches 
 

+ (Giles-Corti & Donovan 2002b) -  (Giles-Corti & Donovan 2002b)  +  (Giles-Corti & Donovan 2002b) 

Access to/presence of park 
or public open space 
 

+  (Giles-Corti & Donovan 2002b)  + (Giles-Corti & Donovan 2003)  
+ (Giles-Corti et al. 2005a) 

- (Duncan & Mummery 2005) 

AESTHETICS 
 

    

Aesthetics/pleasantness/clea
nliness  
 

   - (Hoehner et al. 2005) 

Graffiti and vandalism  
 

  - (Michael et al. 2006)  
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Table 2. Studies from 2000 to the present reporting statistically significant associations between walking and other physical activity (i.e. total, 

vigorous, and moderate activity) and the self-reported built environment∗ 

Attribute Walking for recreation, 
exercise or leisure 

Walking for transport Walking for any purpose or 
overall 

Other physical activity 

FUNCTIONALITY 
 

    

Presence of sidewalks or 
footpaths 

 +  (Giles-Corti & Donovan 2002b) + (Addy et al. 2004)  
+ (De Bourdeaudhuij et al. 2003)  
+ (Reed et al. 2006) 
 

+ (Ainsworth et al. 2003)  
+ (Brownson et al. 2001) 
+ (Troped et al. 2003)  
+ (Reed et al. 2006) 
  

Quality of sidewalks  - (Duncan & Mummery 2005)   + (Booth et al. 2000)  
+ (Deshpande et al. 2005)  
+ (Sharpe et al. 2004) 
 

Distance to a busy street 
 

   - (Troped et al. 2001) 
 

Traffic and busy roads  +  (Giles-Corti & Donovan 2002b) 
-  (Handy 2001)  
+ (Cao et al. 2006) 
 

+ (Carnegie et al. 2002) + (Ainsworth et al. 2003) 
- (Brownson et al. 2001) 
- (Van Lenthe et al. 2005) 

Amenities for walking or 
physical activity (e.g. 
benches) 

   + (Moudon et al. 2005) 
 - (Chad et al. 2005) 
 

                                                 
∗ Attribute categories broadly represent environmental characteristics that are considered similar or related. For more detail about the environmental attributes and physical activity 
variables used in each study see summary Tables 31 and 32 (Appendix 1-B) 
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Table 2 continued. Studies from 2000 to the present reporting statistically significant associations between walking and other physical activity 

(i.e. total, vigorous, and moderate activity) and the self-reported built environment 

Attribute Walking for recreation, 
exercise or leisure 

Walking for transport Walking for any purpose or 
overall 

Other physical activity 

Slope, hills or gradient + (Lee & Vernez Moudon, 
2006b) 

- (Lee & Vernez Moudon, 2006b) + (McGinn et al. in press) + (Brownson et al. 2001) 
+ (King et al. 2000)  
+ (Chad et al. 2005)  
+ (McGinn et al. in press) 
 

Practical environment, 
functionality, physical or 
overall design 

 + (Suminski et al. 2005) + (Carnegie et al. 2002) 
+ (Zlot et al. 2006) 
+ (King et al. 2003) 

+ (Burton et al. 2005b)  
+ (Van Lenthe et al. 2005) 
+ (Atkinson et al. 2005) 
+ (King et al. 2003) 
 

Population, residential, or 
neighbourhood density 
 

   + (Atkinson et al. 2005) 

Street connectivity    + (Atkinson et al. 2005) 
-  (Duncan & Mummery 2005) 
 

Neighbourhood type 
(Residential, commercial, 
mixed: with mixed being 
more supportive)  
 

 + (Lee & Vernez Moudon, 
2006b) 

+ (De Bourdeaudhuij et al. 2003) - (Chad et al. 2005) 

SAFETY 
 

    

Neighbourhood safety or 
safe from crime  

+ (Suminski et al. 2005)  
+ (Cao et al. 2006)  
 - (Humpel et al. 2004a) 
+  (Giles-Corti & Donovan 2002b) 
 

 + (Handy et al. 2006)  
+ (Fuzhong Li et al. 2005)  
+ (Foster et al. 2004) 
 

+ (Wilbur et al. 2003)   
+ (Foster et al. 2004)  
+ (Vest & Valadez 2005) 
+ (Brownson et al. 2001) 
+ (Chad et al. 2005)  
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Table 2 continued. Studies from 2000 to the present reporting statistically significant associations between walking and other physical activity 

(i.e. total, vigorous, and moderate activity) and the self-reported built environment 

Attribute Walking for recreation, 
exercise or leisure 

Walking for transport Walking for any purpose or 
overall 

Other physical activity 

Streetlights    + (Troped et al. 2003)  
+ (Chad et al. 2005)  
 

Presence of unattended 
dogs or dogs barking 
 

   + (King et al. 2000)  
+ (Chad et al. 2005) 

DESTINATIONS 
 

    

Access to/presence 
of/convenience of 
walking, jogging or 
cycling trails 

  + (Pierce et al. 2006) 
+ (Wilson et al. 2004) 
+ (Brownson et al. 2000) 
+ (King et al. 2003)  

+ (Parks et al. 2003)  
+ (Brownson et al. 2001) 
+ (Chad et al. 2005)  
+ (Wilson et al. 2004) 
+ (Huston et al. 2003) 
 

Access to/presence 
of/convenience of local or 
neighbourhood parks 

  + (Addy et al. 2004)  
+ (Foster et al. 2004) 
+ (King et al. 2003) 

+ (Parks et al. 2003)  
+ (Booth et al. 2000)  
+ (Brownson et al. 2001) 
+ (Chad et al. 2005)  
+ (Foster et al. 2004) 
+ (Powell et al. 2003) 
 

Access to/presence 
of/convenience of water 
features 
 

  
 

 

- (Wilson et al. 2004)  

Access to/presence 
of/convenience of gyms, 
exercise or sport facilities 
 

  + (Brownson et al. 2000) + (Parks et al. 2003)  
+ (Brownson et al. 2001) 
+ (Van Lenthe et al. 2005) 
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Table 2 continued. Studies from 2000 to the present reporting statistically significant associations between walking and other physical activity 

(i.e. total, vigorous, and moderate activity) and the self-reported built environment 

Attribute Walking for recreation, 
exercise or leisure 

Walking for transport Walking for any purpose or 
overall 

Other physical activity 

Access to/presence 
of/convenience of malls, 
shops, retail, or stores 

 +  (Giles-Corti & Donovan 2002b) 
+ (Handy 2001) 
 

+ (Michael et al. 2006)  
+ (Foster et al. 2004) 
+ (King et al. 2003) 

- (Parks et al. 2003)  
+ (Foster et al. 2004)  
+ (Garcia Bengoechea et al. 

2005) 
 

Access to/presence 
of/convenience of golf 
courses 
 

   + (Chad et al. 2005) 

Access to/presence 
of/convenience of pools 
 

   + (Chad et al. 2005) 

Access to/presence 
of/convenience of tennis 
courts 
 

   + (Chad et al. 2005) 

Access to/presence 
of/convenience of skate 
rinks 
 

   + (Chad et al. 2005) 

Access to/presence 
/convenience of 
transportation stop 
 
 
 
 
 
 

  + (De Bourdeaudhuij et al. 2003)  
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Table 2 continued. Studies from 2000 to the present reporting statistically significant associations between walking and other physical activity 

(i.e. total, vigorous, and moderate activity) and the self-reported built environment 

Attribute Walking for recreation, 
exercise or leisure 

Walking for transport Walking for any purpose or 
overall 

Other physical activity 

Access to/presence 
of/convenience of places 
or opportunities to 
exercise or physical 
activity 

+ (Ball et al. 2001) 
+ (Humpel et al. 2004a) 
 

 + (Humpel et al. 2004b)  
+ (Handy et al. 2006)  
+ (Fuzhong Li et al. 2005) 
  

+ (Brownson et al. 2001) 
+ (De Bourdeaudhuij et al. 2003)  
+ (Humpel et al. 2004b)  
+ (Sharpe et al. 2004)  
+ (McNeill et al. 2006)  
+ (Garcia Bengoechea et al. 

2005) 
+ (Powell et al. 2003) 
+ (Duncan et al. 2002)  
+ (Rutten et al. 2001)  
+ (Stahl et al. 2002) 
+ (Rutten & Abu-Omar 2004)  
+ (Huston et al. 2003) 

Distance to malls, shops, 
retail, or stores 
  

 - (Cao et al. 2006)  - (Van Lenthe et al. 2005) 

Distance to a bikeway    - (Troped et al. 2001) 
 

Quality of stores  + (Handy 2001)  
+ (Cao et al. 2006) 
 

  

Satisfaction with 
neighbourhood services 
 
 
 
 
 
 

   + (De Bourdeaudhuij et al. 2003) 
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Table 2 continued. Studies from 2000 to the present reporting statistically significant associations between walking and other physical activity 

(i.e. total, vigorous, and moderate activity) and the self-reported built environment 

Attribute Walking for recreation, 
exercise or leisure 

Walking for transport Walking for any purpose or 
overall 

Other physical activity 

Number or variety of 
places and facilities for 
exercise or physical 
activity or having many 
places to be active 

 + (Suminski et al. 2005) 
 

+ (Pierce et al. 2006) 
 

+ (Parks et al. 2003)  
+ (Blanchard et al. 2005)  
+ (Deshpande et al. 2005)  
+ (Hoehner et al. 2005) 

 
AESTHETICS 
 

    

Enjoyable scenery or 
appealing 

+  (Giles-Corti & Donovan 2002b)   + (Brownson et al. 2001) 
+ (Brownson et al. 2000)  
+ (King et al. 2000)  
+ (Troped et al. 2003)  
+ (King et al. 2000) 
+ (Wilcox et al. 2000) 
 

Pleasantness or 
cleanliness for walking or 
physical activity 

+ (Ball et al. 2001) 
+ (Lee & Vernez Moudon, 

2006b) 
 

+ (Cao et al. 2006) + (Carnegie et al. 2002)  
+ (Humpel et al. 2004b)  
+ (Burton et al. 2005b)  
+ (Moudon et al. 2006)  
+ (Handy et al. 2006) 
+ (McNeill et al. 2006)  
+ (Humpel et al. 2004a)  
 

+ (Vest & Valadez 2005)  
+ (Deshpande et al. 2005)  
-  (Hoehner et al. 2005)  
+ (Titze et al. 2005)  
+ (Garcia Bengoechea et al. 

2005) 
 

Trees or shade 
 
 
 
 
 

+ (Cao et al. 2006)   +  (McGinn et al. in press) 
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CHAPTER 3 
 

METHODOLOGY 
 
This chapter supplements information presented in the methods sections of the 

individual results chapters (i.e. Chapters 4 through 9). Moreover, information regarding 

the databases sourced and analytical techniques used are presented in this chapter. 

 

DATABASES USED 

 

Secondary analyses were conducted on data, from three sources: 

i) Study of Social, Environmental, and Individual Determinants of Physical 

Activity (SEID1); 

ii) Study of Social, Environmental, and Individual Determinants of Physical 

Activity (SEID2); and 

iii) The Physical Activity in Localities and Community Environments (PLACE) 

Pilot Study. 

 

Social, Environmental and Individual Determinants of  

Physical Activity (SEID1) 

 

The SEID1 study (Corti 1998) included a cross-section of adults aged 18 to 59 years (n 

= 1803, response rate 52.9 percent) from a 408 kilometre2 area of Perth, Western 

Australia bound by Hepburn Avenue (north), Point Resolution (south), Lord Street 

(east) and the coast (west) (see Figure 1). Respondents were recruited from 277 census 

collectors’ districts (CCD)3 from the 80th (137 CCDs and n = 929) and 20th (140 CCDs 

and n = 874) percentiles of social disadvantage. Percentiles of social disadvantage were 

derived from 1991 census data collected by the Australian Bureau of Statistics. 

Information regarding the development of area level socioeconomic indicators have 

been described elsewhere (Australian Bureau of Statistics 2003). Data collection 

commenced in November 1995 and the procedure involved a face- to-face survey in the 

respondent’s home. A follow-up telephone survey was undertaken with 1474 

respondents - 81.8 percent of original study respondents - two to four weeks later.  
                                                 
3 A census collector district (CCD) is the smallest geographic area defined in the Australian Standard 
Geographical Classification (ASGC) and consists of approximately 225 dwellings (Australian Bureau of 
Statistics 1996)  
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The main purpose of SEID1 was to examine the association between environment, 

social and individual determinants of recreational physical activity among homemakers 

and sedentary workers. Hence, to control for potential confounders of participation in 

recreational physical activity the study excluded respondents who: 

 

i) were unemployed (but not a full-time student or homemaker); 

ii) engaged in more than three 20 minute sessions of vigorous-intensity physical 

activity or more than one hour of moderate-intensity physical activity at work 

outside the home; 

iii) had medical conditions that could prevent physical activity participation; 

iv) were pregnant at the time of the interview; 

v) were aged less than 18 years or older than 59 years; 

vi) resided in their current home for less than one year; 

vii) were not proficient in English (interviewer determined); 

viii) were mentally unable to participate (interviewer determined).  

 

During SEID1 recruitment, 11 133 potential respondents were approached, of which 

3348 (30.9 percent) were eligible to participate in the study. Of those eligible to 

participate 1819 (52.9 percent) participated in the baseline survey, however, data from 

1803 respondents residing in the study area were used (i.e. 16 respondents excluded 

because they resided in out-of-area CCDs). The baseline survey included 255 items and 

the follow-up survey included 26 items. Items captured information about physical 

activity behaviour, social environmental factors, individual (i.e. cognitive and 

demographic) factors and the physical environment or streetscape outside the 

respondent’s home. During baseline and follow-up interviews, respondents provided 

information about physical activity behaviours (i.e. walking for recreation, walking for 

transport, moderate-intensity, and vigorous-intensity activity), cognitive characteristics 

(i.e. self-efficacy, intention, perceived barriers), social characteristics (i.e. social 

support, membership) and physical environmental factors (i.e. perceived access to 

recreational facilities, recreational facilities or destinations used for specific physical 

activities). Demographic characteristics were also captured.  
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Figure 1. SEID1 and SEID2 study area (Perth, Western Australia) 
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The physical activity items used in SEID1 were used elsewhere (Risk Factor Prevalence 

Study Management Committee 1990; Bauman et al. 1996). Moreover, the validity and 

reliability of the same physical activity items used in SEID1 have been examined and 

considered to be acceptable (Australian Institute for Health and Welfare 2003). The test-

retest reliability of energy expenditure derived from similar items has also been reported 

to be moderate to high (intraclass correlations = 0.39 to 0.68) (Booth et al. 1996b).  

 

The cognitive factors collected in SEID1 were based on the Theory of Trying (TT) 

(Bagozzi & Warshaw 1990) and the Theory of Planned Behavior (TPB) (Ajzen & 

Fishbein, 1980). These cognitive factors included attitude towards trying, expectation of 

success, attitude towards failure, expectation of failure, attitude towards the process of 

trying, intention to try, frequency and recency of past behaviour (i.e. habit), trying, 

social norms towards trying, and perceived behavioural control. Items and scales 

reflecting these cognitive factors included in the SEID1 dataset have been shown to 

have acceptable test-retest reliability; inter-item reliability (internal consistency); and 

discriminant validity (Corti 1998). 

 

The environmental scan in SEID1, involved the collection of data about the recreational 

facilities available for use in the study area. The scan involved two components. The 

first component involved a survey of 219 managers  of formal recreational facilities 

(response rate = 99.1 percent) and the second component involved an observational 

study of 516 public open spaces located in the study area (Broomhall 1996). Formal 

recreational facilities and public open space within two kilometres of the study 

boundary were also included in the environmental scan. The formal recreational 

facilities were identified from manual searches of the Yellow Pages telephone directory 

and local government handbooks and included: swimming pools, recreation centres and 

sports complexes, gymnasia, health clubs and exercise centres, tennis courts or clubs, 

squash courts or clubs, golf courses, and yacht and sailing clubs. Public open space at 

least 8100 metres2 (i.e. two acres) was also included in the environmental scan.   

 

Respondents provided location and address information for recreational facilities they 

had used for physical activity in the previous two-weeks. Respondents’ home addresses 

and the recreational facility locations surveyed in the environmental scan were 

geocoded using MapInfo (Mapping Information Systems Corporation 1992). 

Coordinates of respondents’ homes were automatically derived from the Western 
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Australian Valuer General’s database. Facilities located in the study area and used by 

respondents, but not included in the environmental scan were also geocoded including 

educational institutions, railway stations, and shops or shopping centres. 

 

ArcInfo (Environmental Systems Research Institute Inc 1999) was used to undertake 

road network analyses to determine the shortest road network distance in metres 

between respondents’ homes and recreational and non-recreational facilities. The street 

network database of the Perth metropolitan area was used to calculate the shortest road 

network distance between respondents homes (n = 1803) and each of the geocoded 

facilities (n = 1691). A list of SEID1 items from which data were derived for this thesis 

has been included (Table 3). Studies presented in Chapters 4, 5, 6, and 9 included data 

from the SEID1 database.  
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Table 3. SEID1 items used in this thesis. Some items will be modified or combined with other items to meet the purposes of studies 

undertaken in this thesis 

Source Item No. 
or 

variable 
name 

Item or variable 
type 

Item  wording or variable description Response categories where relevant 

Baseline 
survey 

A2 
 

Demographic Are you a club member of a sport, exercise or outdoor 
recreation group or club? 

Sport club or group / exercise club or group / outdoor 
recreation club or group / none 

Baseline /  
Follow-up 
survey 

B1 
 

Physical activity 
behaviour 

In the past two weeks did you do any vigorous physical 
activity, which made you breathe harder or puff and pant? I 
mean activities like football, netball, tennis, squash, 
athletics, jogging, aerobics or vigorous swimming. 

Yes / no 

Baseline /  
Follow-up 
survey 

B2 
 

Physical activity 
behaviour 

How many times over the past two weeks?  

Baseline /  
Follow-up 
survey 

B3 
 

Physical activity 
behaviour 

Please estimate total time spent doing vigorous physical 
activity during the past two weeks? 

 

Baseline 
survey 

B4 
 

Physical activity 
behaviour 

Find the type or types of vigorous physical activity that you 
did in the past two weeks. Now find the type of facility or 
area used for this activity in the past two weeks (prompt 
card shown). 

Vigorous activities included: jogging / running, 
swimming, aerobics, cycling, team sports, tennis, squash 
Facilities included: streets, paths, river, beach, parks, 
home, community facilities, recreational centres, health 
clubs, sporting clubs, courts, bushland 

Baseline /  
Follow-up 
survey 

B6 
 

Physical activity 
behaviour 

a) How many times over the past two weeks did you walk 
as a means of transport, such as going to and from work, 
walking to the shop or walking to public transport? 
b) Please estimate the total time you spent walking in this 
way in the past two weeks. 

 

Baseline /  
Follow-up 
survey 

B7 
 

Physical activity 
behaviour 

a) How many times over the past two weeks did you walk 
for recreation, health or fitness? 
b) Please estimate the total time you spent walking in this 
way in the past two weeks? 
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Table 3 continued. SEID1 items used in this thesis. Some items will be modified or combined with other items to meet the purposes 

of studies undertaken in this thesis 
Source Item No. 

or 
variable 

name 

Item  or 
variable type 

Item  wording or variable description Response categories where relevant 

Baseline 
survey 

B8 Physical 
activity 
behaviour 

Find the type or types of walking that you did in the past two 
weeks. Now find the type of facility or area used for this 
activity in the past two weeks (prompt card shown). 

Walking included: walking for transport, walking for 
pleasure or fitness 
Facilities included: shops, work, public transport, 
elsewhere, streets, paths, park, river, beach, bushland 

Baseline 
survey 

B9 Physical 
activity 
behaviour 

Apart from what you have already told me, in the past two 
weeks did you do any other light to moderate physical activity 
for recreation, sport, health, fitness or transport purposes which 
did not make you breathe harder or puff or pant? I mean things 
like heavy gardening, slow swimming, social tennis, casual 
cycling or heavy work around the house you don’t usually do. 

Yes / no 

Baseline 
Survey 

B10 Physical 
activity 
behaviour 

How many times over the past two weeks [light to moderate 
activity]? 

 

Baseline 
survey 

B11 Physical 
activity 
behaviour 

Please estimate the total time you spent doing light to moderate 
physical activity during the past two weeks. 

 

Baseline 
survey  

B12 
 

Physical 
activity 
behaviour 

Find the type or types of light to moderate physical activity that 
you did in the past two weeks. Now find the type of facility or 
area used for this activity in the past two weeks (prompt card 
shown). 
 
 
 
 
 
 
 

Activities included non-vigorous: jogging, swimming, 
aerobics, cycling, team sports, tennis, squash, golf, 
gardening at home 
Facilities included: streets, paths, river, beach, parks, 
home, community facilities, recreational centres, health 
clubs, sporting clubs, courts, bushland, golf course 
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Table 3 continued. SEID1 items used in this thesis. Some items will be modified or combined with other items to meet the purposes 

of studies undertaken in this thesis 
Source Item No. 

or 
variable 

name 

Item  or 
variable type 

Item  wording or variable description Response categories where relevant 

Baseline 
survey 

F1 Demographic In which age group do you fall? 18-19 / 20-24 / 25-29 / 30-34 / 35-39 
 / 40-44 / 45-49 / 50-54 / 55-59 years 

Baseline 
survey 

F4 Demographic  Which of these groups best describes the highest level of 
education you have completed? 

Did not complete primary school / Primary school / 
some secondary school / completed secondary school / 
trade or apprenticeship / certificate or diploma / 
bachelor degree or higher / other 

Baseline 
survey 

F9 Demographic In which of these brackets does the combined gross income of 
all household members fall? 

<$20 000 / 20 000-24 999 / 25 000-29 999 / 30 000-34 
999 / 35 000-39 999 / 40 000-44 999 / 45 000-49 999 / 
50 000-54 999 / 55 000-59 999 / 60 000-79 999 / ≥80 
000 / refused or don’t know 

Baseline 
survey 

F11 Demographic How many children under 18 live in this house?  

Baseline 
survey 

F12(b) Demographic Do you have a motor vehicle available for your own personal 
use? 

Yes always / no / yes sometimes 

Baseline 
survey 

F19 Demographic Gender Male / female 

GIS data  Objective 
environment 

Shortest network distance in metres between SEID1 
respondents home and facilities presented in items B4, B8, and 
B12 . 

 

GIS data  Objective 
environment 

The financial cost required to use the facilities presented in 
items B4, B8, and B12 

 

GIS data  Spatial 
behaviour 

The use of facilities presented in items B4, B8, and B12. Yes / no 

1991 Census  
 

Demographic Measure of census collector district level socioeconomic status Advantaged / disadvantaged  

 



 

 

 60 

Table 3 continued. SEID1 items used in this thesis. Some items will be modified or combined with other items to meet the purposes 

of studies undertaken in this thesis 

Source Item No. 
or 

variable 
name 

Item  or 
variable type 

Item  wording or variable description Response categories where relevant 

1991 
Census 

 Demographic Census collector district identifier  

Baseline 
survey  

D3 Social Which of these people, if any, are likely to encourage you to try 
to do physical activity over the next two weeks? 

Your spouse or partner / a family member / a friend / a 
workmate / a neighbour / none 

Baseline 
survey 

E1 Cognitive Assuming you had time to do physical activity and you really 
wanted to do it, would you prefer to do three 20-minute sessions 
of vigorous physical activity per week or light to moderate 
physical activity for ½ to one hour each day?  

 

Baseline 
survey 

E2 Cognitive Before this interview, how likely or unlikely is it that in the next 
two weeks you would try to do a regular exercise routine? 

Very likely / quite likely / a little likely / neither likely 
nor unlikely / a little unlikely / quite unlikely / very 
unlikely 

Baseline 
survey 

E3 Cognitive How hard will you try to do a regular exercise routine in the 
next two weeks? 

I will try very hard / I will try quite hard / neither / I  
won’t try very hard / I won’t try hard at all 

Baseline 
survey 

E4 Cognitive Assuming that you tried to do a regular exercise routine over the 
next two weeks how likely or unlikely is it that you would 
actually stick to your routine? 

Very likely / quite likely / a little likely / neither likely 
nor unlikely / a little unlikely / quite unlikely / very 
unlikely 

Baseline 
survey 

E5 Cognitive All things considered, would you say that the fact you tried to do 
a regular exercise routine over the next few weeks would make 
you feel 1) Wise / foolish 2) Satisfied / dissatisfied 3) Good / 
bad 

7-point scale 

Baseline 
survey 

E6 Cognitive All things considered, would you say your trying and succeeding 
to do a regular exercise routine over the next few weeks would 
make you feel 1) Wise / foolish 2) Satisfied / dissatisfied 3) 
Good / bad? 
 

7-point scale 



 

 

 61 

Table 3 continued. SEID1 items used in this thesis. Some items will be modified or combined with other items to meet the purposes 

of studies undertaken in this thesis 

 

Source Item No. 
or 

variable 
name 

Item  or 
variable type 

Item  wording or variable description Response categories where relevant 

Baseline 
survey 

E7 Cognitive All things considered, would you say your trying and failing to do 
a regular exercise routine over the next few weeks would make 
you feel 1) Wise / foolish 2) Satisfied / dissatisfied 3) Good / bad? 

7-point scale 

Baseline 
survey 

E8 Cognitive Regardless of whether you succeed or fail, would you say that 
going through the actual process of trying to do regular exercise 
routine over the next two weeks would be 1) Pleasant / unpleasant 
2) Easy / difficult 3) Good / bad? 

7-point scale 

Baseline 
survey 

E9 Cognitive Assuming you tried and succeeded to do a regular exercise routine, 
how likely or unlikely do you think you would 1) improve your 
appearance 2) maintain or lose weight 3) reduce your risk of heart 
disease 4) tone your muscles 5) improve your fitness 6) feel more 
relaxed 7) feel better about self 8) have more energy 9) sleep better 
10) prevent joint stiffness? 

Very likely / quite likely / a little likely / not at all 
likely / not applicable 

Baseline 
survey  

E10 Cognitive How important is it to you to 1) improve your appearance 2) 
maintain or lose weight 3) reduce your risk of heart disease 4) tone 
your muscles 5) improve your fitness 6) feel more relaxed 7) feel 
better about self 8) have more energy 9)sleep better 10) prevent 
joint stiffness? 

Very important / quite important / neither important 
or not important / not very important / not at all 
important / not applicable 

Baseline 
survey  

E11 Cognitive Assuming you tried to do a regular exercise routine and failed how 
likely or unlikely would you 1) feel a failure 2) feel bad about 
yourself 3) feel like trying again 4) feel depressed 5) feel 
disappointed 6) give up and revert to old habits 7) work out what 
went wrong and try again 8) try another form of exercise 9) wait 
until you felt unhealthy before trying again? 

Very likely / quite likely / a little likely / neither 
likely nor unlikely / a little unlikely / quite unlikely / 
very unlikely / not applicable 
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Table 3 continued. SEID1 items used in this thesis. Some items will be modified or combined with other items to meet the  

purposes of studies undertaken in this thesis 

 

Source Item No. 
or 

variable 
name 

Item  or 
variable type 

Item  wording or variable description Response categories where relevant 

Baseline 
survey  

E12 Cognitive How good or bad is it to you to you 1) feel a failure 2) feel bad 
about yourself 3) feel like trying again 4) feel depressed 5) feel 
disappointed 6) give up and revert to old habits 7) work out 
what went wrong and try again 8) try another form of exercise 
9) wait until you felt unhealthy before trying again? 

Very good / quite good / a little good / neither good nor 
bad / a little bad / quite bad / very bad / not applicable 

Baseline 
survey  

E13 Cognitive Assuming you tried to do a regular exercise routine, whether 
you succeeded or not, how likely or unlikely would you: 1) feel 
tired 2) feel better 3) feel fitter and healthier 4) feel you 
couldn’t keep it going 5) feel bored 6) have someone to 
exercise with 7) have enough time for your family and friends 
8) feel good just having tried 9) feel the routine was a chore 
10) be able to motivate yourself 11) meet new people 12) find 
an activity you like 13) have enough time for your other 
commitments? 

Very likely / quite likely / a little likely / neither likely 
nor unlikely / a little unlikely / quite unlikely / very 
unlikely / not applicable 

Baseline 
survey  

E14 Cognitive How important is it to you to 1) not feel tired 2) feel better 3) 
feel fitter and healthier 4) feel you could keep it going 5) not 
feel bored 6) have someone to exercise with 7) have enough 
time for your family and friends 8) feel good just having tried 
9) feel the routine was not a chore 10) be able to motivate 
yourself 11) meet new people 12) find an activity you like 13) 
have enough time for your other commitments? 

Very important / quite important / neither important or 
not important / not very important / not at all important / 
not applicable 

Baseline 
survey  

E15 Cognitive How confident are you that for the next six months you could 
stick to a regular exercise routine when you 1) are tired 2) are 
in a bad mood 3) have to exercise alone 4) have work 
commitments 5) have social commitments 6) have family 
commitments 7) have financial commitments? 

Sure I could do it / fairly sure I could do it / neither / not 
very sure I could do it / not sure at al I could do it / does 
not apply to me 
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Table 3 continued. SEID1 items used in this thesis. Some items will be modified or combined with other items to meet the purposes 

of studies undertaken in this thesis 

Source Item No. 
or 

variable 
name 

Item  or 
variable type 

Item  wording or variable description Response categories where relevant 

Baseline 
survey  

E16 Cognitive How confident are you that for the next six months you could 
motivate yourself to do each of the following so that you could 
fit in a regular exercise routine? First of all to: 1) get up earlier 
to do physical activity 2) make time available 3) get started 
even when it feels like an effort 4) start again after you missed 
a few sessions. 

Sure I could do it / fairly sure I could do it / neither / not 
very sure I could do it / not sure at al I could do it / does 
not apply to me 

Baseline 
survey 

E17 Cognitive In the last month how often did you a) Set a goal for how much 
physical activity you would like to do b) Plan particular days 
on which to do physical activity and c) Arrange to meet 
someone to do physical activity? 

Never / once or twice / 1-3 times weekly / more than 
once a week / not applicable 

Baseline 
survey  

E18 Cognitive How likely or unlikely are each of the following people to 
think you should try, or continue to try, to do a regular exercise 
routine during the next two weeks. First of all: 1) Your spouse 
or partner 2) a family member 3) a neighbour 4) a workmate 5) 
a friend 6) your doctor? 

Very likely / quite likely / a little likely / neither likely 
nor unlikely / a little unlikely / quite unlikely / very 
unlikely / not applicable 

Baseline 
survey  

E19 Cognitive With respect to the amount of physical activity you do, how 
important is it to you to do what each of the following people 
would like you to do? First of all: 1) Your spouse or partner 2) 
a family member 3) a neighbour 4) a workmate 5) a friend 6) 
your doctor. 

Very important / quite important / neither important or 
not important / not very important / not at all important / 
not applicable 
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Social, Environmental and Individual Determinants  

of Physical Activity (SEID2) 
 
The SEID2 study (Pikora 2003) contributed a major advancement in the understanding of 

the interaction between the physical environment and walking. During this study Dr Pikora 

and the SEID2 study team developed a conceptual framework for assessing the 

environmental determinants of walking and cycling based on an extensive review of the 

health, environmental, urban planning, and transport literature, as well as expert 

consultation and interviews  (Pikora 2003). The framework consisted of three levels of 

environmental attributes 1) Features 2) Elements and 3) Items. Environmental data were 

collected at the Item level. Conceptually similar items were aggregated to form the element 

level (e.g. path type and path surface contributed to the “walking surface” element). 

Finally, conceptually similar elements were aggregated to form the Feature level (e.g. 

walking surface, street, traffic, and permeability elements contributed to the “Functional” 

feature) (See Figure 2).  

 

The framework included 27 items, nine element categories (i.e. walking surface, streets, 

traffic, personal safety, traffic safety, streetscape, views, and facilities), and four feature 

categories (i.e. functional, safety, aesthetics, and facilities). Note that the final SPACES 

instrument included 35 items. The item, element and feature level environmental 

determinants were derived using a Delphi study that included a panel of local, national and 

international experts (Pikora et al. 2003). This framework provides a map for aggregating 

data and hence analyzing the associations between the physical environments and walking 

behaviour.   
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Figure 2. Pikora et al.'s (2003) framework of physical environmental factors that may influence walking in the local neighbourhood 
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Based on this conceptual framework an instrument for auditing the physical environment 

known as the Systematic Pedestrian and Cycling Environmental Scan (SPACES) was 

developed (Pikora 2003). The scan included data from field observations, Geographical 

Information Systems (GIS), and other external sources (i.e. traffic volume and speed, 

pollution data) including the Main Roads Western Australia (collected July 1990 to June 

1997), Perth Metropolitan Street Network Maps, and the Department of Environmental 

Protection (collected 1990 to 1995).  

 

Field observations of the physical environment were undertaken on neighbourhoods 

surrounding the homes - defined as the built environment within a 400 metre network 

radius - of survey respondents from the SEID1 study (Corti 1998). The network radii were 

determined by plotting each respondent’s home address on a map of the street network 

database of the Perth metropolitan area. Overall, 1803 neighbourhoods were plotted. 

Observations of the environment were collected at the segment level (i.e. section of street 

between intersections). Segments (n = 12 925) were audited during daylight hours between 

February and April 2000. The average segment length was 140 metres. Reliability analysis 

has been undertaken for the SPACES instrument. Intra-rater reliability and inter-rater 

reliability of the SPACES items are considered acceptable (Kappa > 0.40: Pikora et al. 

2002).  

 

The shortest road network distance between respondents’ homes and destinations additional 

to those collected in the SEID1 study were also derived in SEID2. These additional 

destinations included shopping centres, newsagencies, delicatessens, public transport 

facilities, primary schools, secondary schools, pre-schools, and parks less than 8000 metre2. 

Street addresses were derived from the 1997 Perth Metropolitan Yellow Pages Telephone 

Directory (newsagency and delicatessen locations), 1996 Perth Metropolitan White Pages 

Telephone Directory (school locations), Australia Post (post box locations), Western 

Australia, Department of Transport (bus stop locations), and the Western Australian 

Ministry of Planning (public open space locations). The spatial location for each destination 

was geocoded using longitude and latitude for each street address (centroid for public open 

space) in MapInfo (Mapping Information Systems Corporation 1992) and ArcView GIS 3.2 

(Environmental Systems Research Institute Inc 1999) that was used to determine the 

shortest road network distances between respondents’ homes and destinations. Table 4 lists 
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the SEID2 items and variables included in the analyses of this thesis. Studies presented in 

Chapters 4, 8, and 9 used data from the SEID2 database. 
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Table 4. SEID2 items used in this thesis. Some items will be modified or combined with other items to meet the purposes of studies 

undertaken in this thesis 

 

Source Item No. 
or 

variable 
name 

Item or 
variable type 

Item  wording or variable description Response categories where relevant 

SPACES A2 Objective 
environment 

Path for walking & or cycling. Type of path (both sides 
of street audited). 

No path / footpath / shared path -with markings / shared path 
- no markings 

SPACES A3 Objective 
environment 

Path location (both sides of street audited). Next to road / within 1m of kerb / between 1 & 2 metres of 
kerb / between 2 & 3 metres of kerb / More than 3 metres 
from kerb  

SPACES A5 Objective 
environment 

Slope of path (both sides of street audited). Flat gentle / moderate slope / steep slope 

SPACES A6 Objective 
environment 

Path condition & smoothness (both sides of street 
audited). 

Poor / moderate / good / under repair 

SPACES B9 Objective 
environment 

Slope of road (road assessed only if not path was 
present). 

Flat gentle / moderate slope / steep slope 

SPACES B10 Objective 
environment 

Road condition Poor / moderate / good / under repair 

SPACES  B11 Objective 
environment 

Number of lanes on road (in total) 1 lane / 2 or 3 lanes / 4 or 5 lanes / 6 or more lanes 

SPACES  B14 Objective 
environment 

Traffic control devices (tick all applicable) Roundabouts / speed humps or ramps / chicanes, chokers, 
kerb extensions / lane narrowing / traffic signals / none  

SPACES B15 Objective 
environment 

Other routes available Lane / access lane through cul-de-sac or no through road / 
path through park / none 

SPACES B16 Objective 
environment 

Type of crossings Zebra or children / traffic signals / bridge or overpass / 
underpass / none  

SPACES B17 Objective 
environment 

Crossing aids Median refuge or traffic island / kerb extensions / none 

SPACES B18 Objective 
environment 

Street lights present (both sides of street audited). Yes / no  

SPACES B20 Objective 
environment 

Are destinations present in segment? Yes / no 
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Table 4 continued. SEID2 items used in this thesis. Some items will be modified or combined with other items to meet the purposes 

of studies undertaken in this thesis 
Source Item No. 

or 
variable 

name 

Item or 
variable type 

Item  wording or variable description Response categories where relevant 

SPACES  B24 Objective 
environment 

Surveillance (can be observed from a window, veranda, 
porch, garden). 

Can be observed from more than 75% of buildings / can be 
observed from between 50-74% of buildings / can be 
observed from less than 50% of buildings / not applicable 

SPACES B25 Objective 
environment 

Garden maintenance (well maintained = looks trim & 
clean, looks kept). 

More than 75% well maintained / 50-74% well maintained / 
less than 50% well maintained / not applicable  

SPACES B26 Objective 
environment 

Verge maintenance (well maintained = looks trim & 
clean, looks kept). 

More than 75% well maintained / 50-74% well maintained / 
less than 50% well maintained / verge undergoing work / not 
applicable 

SPACES B27 Objective 
environment 

Number of verge trees (both sides of street audited). 1 or more per house block / approx. 1 tree for every 2 house 
blocks / approx. 1 tree for every 3 house blocks / no trees at 
all 

SPACES  B28 Objective 
environment 

Average height of trees (both sides of street audited). Small (head high) / medium (between head and ceiling 
height) / large (higher than ceiling) 

SPACES B29 Objective 
environment 

Cleanliness (can you see any litter, rubbish, graffiti, 
broken glass, discarded items)? 

Yes lots / yes some / none or almost none 

SPACES B30 Objective 
environment 

Type of views Urban (house & household gardens / commercial (shops, 
light industrial, offices, schools) /  water (such as river, 
ocean, lake) / tended nature (parks community gardens 
tended, well maintained) / nature (parks community gardens 
where level of care differs) 

SPACES B31 Objective 
environment 

How alike are the building designs? All of similar design / range of different designs / not 
applicable (no buildings) 
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Table 4 continued. SEID2 items used in this thesis. Some items will be modified or combined with other items to meet the purposes 

of studies undertaken in this thesis 
Source Item No. 

or 
variable 

name 

Item or 
variable type 

Item  wording or variable description Response categories where relevant 

SPACES B31 Objective 
environment 

How would you rate this segment for walking? Very attractive / attractive / not attractive at all 

Main Roads 
W.A. 

 Objective 
environment 

Intersection distance ≤240 metres / >240 metres 

Main Roads 
W.A. 

 Objective 
environment 

Traffic volume (weekday traffic flow) <3000 / 3000-7999 / 8000-14 999 / 15 000-20 000 / >20 000 

Main Roads 
W.A. 

 Objective 
environment 

Traffic speed (signed speed) ≤40 / 41-60 / 61-70 / 71-80 / >80 kph 

Maps  Objective 
environment 

Street design Grid / cul-de-sac / modified grid 

Maps  Objective 
environment 

Intersection design 4-way / 3-way 

Maps  Objective 
environment 

Continuity of path Yes / no 

Main Roads 
W.A. 

 Objective 
environment 

Street type Cul-de-sac with access lane / minor local road / cul-de-sac 
with no access lane / major local road / highway / freeway  

Telephone 
directories, 
Government 
organizations 

 Objective 
environment 

Road network distance between SEID1 respondents’ 
homes and destinations  
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Physical Activity in Localities and Community Environments Pilot Study 
 
A detailed description of the recruitment strategy and data collection for the pilot study is 

presented elsewhere (Leslie et al. 2005b), however, details are briefly described here. 

Survey respondents were recruited for a pilot investigation undertaken as part of the 

PLACE study (Leslie et al. 2005a; Leslie et al. 2005b). Respondents were recruited from 

two neighbourhoods in the Adelaide metropolitan area, South Australia. The 

neighbourhoods represented areas of high walkability (Norwood) and low walkability 

(Hawthorndene) based on a Geographical Information Systems derived index of walkability 

used previously (Leslie et al. 2005a; Leslie et al. 2005b). The two neighbourhoods were 

defined as having high walkability (Norwood) or low walkability (Hawthorndene) based on 

three built environmental variables 1) street connectivity; 2) dwelling density; and 3) land 

use mix - all measured at the census collector district level. Geographical Information 

System data collected at the CCD level was used to develop these variables (i.e. the 

smallest spatial unit defined by the Australian Bureau of Statistics). 

 

For the pilot data a list of addresses from two census collector districts (CCDs) in Norwood 

(n = 600) and one CCD in Hawthorndene (n = 270) was derived from the Legal Property 

Identifying System (Department of Planning of South Australia). Residential addresses 

were then cross-matched with names and addresses from the electronic White Pages 

telephone directory, resulting in a list of 289 (Norwood n = 140 and Hawthorndene n = 

149) matching households. These households were then randomly selected and telephoned. 

Using the most recent birthday method, one eligible person per household (aged 20 to 60 

years) was asked to participate in the study. Recruitment continued until 100 volunteers 

were obtained. A questionnaire was then mailed to study respondents (Norwood 68.5 

percent and Hawthorndene 90.9 percent). A follow-up telephone call was made two weeks 

later to those respondents who had not returned the questionnaire. Data were collected 

between September and November 2002. 

 

Intersection density provided a measure of street connectivity. Intersections that included 

three or more intersecting streets were included in this measure, which was based on the 

number of intersections per square kilometre (Leslie et al. 2005a). Data on intersections 

were derived using the South Australian Department of Transport Road Centreline Data. 
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Dwelling density indicated the number of residential sites within a given area. This measure 

was derived by dividing dwelling count by the total land set aside for residential use only 

(Leslie et al. 2005a). Dwelling data were obtained from the 2001 South Australian Digital 

Cadastre Database (DCDB) and 2001 South Australian Land Ownership and Tenure 

System (LOTS). Land use mix indicated distribution of residential, commercial, industrial, 

recreational and other land use. More specifically, the measure of land use mix indicated 

the level of heterogeneity of land uses with the census collector district. Land uses were 

grouped into five main categories (residential, commercial, industrial, recreation and other). 

The measure of land use mix was an entropy score, created using information about land 

use categories, the proportion of land area committed to specific land uses, the total number 

of land uses and total land area within the census collector district (Leslie et al. 2005a). 

Measures of land use mix were derived from Land use and Zoning data extracted and 

compiled by the South Australian Department of Planning. Net retail area (based on data 

from the Adelaide Retail Database) was also derived for the PLACE study - representing a 

fourth environmental variable. However, this measure was not used in the pilot study and 

therefore not described here.  

 

The three environmental measures were calculated from several sources of spatial 

information including tax valuation and parcel data, street centreline data, land use and 

zoning data, shopping centre location and census data (Leslie et al. 2005a). Each of the 

three built environment variables was classified into deciles and scored from 1 (lowest 10 

per cent of census collector districts) to 10 (highest 10 per cent of census collector 

districts). Scores for street connectivity, dwelling density, and land use mix were then 

summated to create a single score. The walkability score was classified into quartiles, with 

the first and fourth quartiles representing the lowest and highest walkable census collector 

districts, respectively.  

 

The PLACE questionnaire included a modified version of the U.S. Neighbourhood 

Environment Walkability Scale (NEWS) (Saelens et al. 2003a) and captured information on 

perceptions of the built environment, physical activity behaviours and demographic 

characteristics. Table 5 describes the items and data used from this pilot database. The 

study described in Chapter 7 use these data.  
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Table 5. PLACE pilot study items used in this thesis. Some items will be modified or combined with other items to meet the purposes 

of studies undertaken in this thesis 

Source Item No. 
or 

variable 
name 

Item or variable 
type 

Item  wording or variable description Response categories where relevant 

Survey H Perceived 
environment 

About how long would it take to get from your home to the 
nearest business or facilities listed below if you walked to 
them? List of facilities included: local shops, supermarket, 
post office, library, café, bus or train stop, park, natural bush, 
and sports field. 
 

1-5 / 6-10 / 11-20 / 20-30 / ≥30 minutes 
 
 

Survey I Physical activity 
behaviour 

In the LAST WEEK, how many times have you walked 
continuously for recreation or leisure?  Only count the times 
you walked for at least 10 minutes. 

 

Survey I Physical activity 
behaviour 

How much time you would you estimate that you spent 
walking in this way in the LAST WEEK? 

 

Survey I Physical activity 
behaviour 

In the LAST WEEK, how many times did you walk 
continuously to get to or from places like work, the bus stop, 
shops or station? (Only count times when you walked for 
more than 10 minutes.) 

 

Survey I Physical activity 
behaviour 

What do you estimate was the total time that you spent 
walking in this way in the LAST WEEK? 

 

Dept. 
Planning 
S.A. 

 Objective 
environment 

Shortest road network distance in metres between PLACE 
respondent’s home and facilities presented in item H. 

 

Survey J Demographic What is your gender?  

Survey J Demographic What is your age in years?  

Survey  Demographic Suburb Norwood / Hawthorndene 
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STATISTICAL ANALYSES  

 

The following section provides background information about the statistical analyses 

undertaken in this thesis. Information on three types of statistical analyses is presented: 

Generalized Linear Mixed Models; Rasch Models; and Structural Equation Models. 

 

Generalized Linear Mixed Models  

 

In Chapters 4 through 6, Generalized Linear Mixed Models or GLMM were used. 

GLMMs are types of multilevel analyses that include hierarchical, random coefficient, 

and variance components models. Multilevel analyses extend ordinary least square 

(OLS) regression models by taking into account the hierarchical or correlational 

structure (clustered or nested) of the data4. To use OLS regression techniques, certain 

statistical assumptions must be met including linearity, heteroscedasticity, independent 

or uncorrelated error terms, and normality of the error term distribution (Hair et al. 

1998).  

 

Clustered data often violate the assumption of independence of error terms. This 

violation occurs because respondents sampled from geographically defined clusters (e.g. 

census collector districts, neighbourhoods), share more similar characteristics than those 

sampled from other clusters. This has been shown to be the case for many health-related 

outcomes and behaviours including physical activity participation (Ecob 1996; Duncan 

et al. 2002; Duncan et al. 2004; Fisher et al. 2004). For clustered data both the variation 

between groups and variation between respondents within groups must be considered 

(Hox & Kreft 1994). 

 

The use of OLS regression techniques with data that violates the assumption of 

independent or uncorrelated error terms biases standard error of mean estimates and 

increases the Type 1 error rate (i.e. rejection of the null hypothesis when it is true) (Hox 

1995; Heck & Thomas 2000). This is because ordinary or conventional significance 

tests treat the individual as the unit of analysis providing standard errors that are too 

small when examining data that is multileveled (Hox & Kreft 1994; Hox 1995; Heck & 

                                                 
4 It should also be pointed out that multilevel modelling is not just used to account for the correlational 
structure of the data. It is now more commonly used to simultaneously examine contextual and 
compositional influences on outcomes of interest.  
 



 

75 

Thomas 2000). Fitting covariance pattern models leads to more appropriate fixed effects 

estimates and standard errors. Also missing data does not pose a problem for random 

effects models and wider inferences can be made by fitting the clustering effect as a 

random effect. Hence, the use of multilevel analysis with clustered data results in 

parameter estimates that are more precise. The use of multilevel analysis in this thesis is 

justified given that the respondents in SEID1 were sampled using cluster design (i.e. 

respondents within CCDs). 

 

Generalized Linear Mixed Models include both “fixed” and “random” effects (Hox & 

Kreft 1994; Littell et al. 1996; Longford 2005). Fixed effects represent variables where 

inferences are to be made about all possible levels of a variable or at least about those 

that are of interest. Random effects represent variables where levels of the variable have 

been randomly sampled from a larger set of potential levels (Littell et al. 1996). Put 

differently, parameters of random effects model the variance and covariances, whereas 

parameters of fixed effects model expected values of the outcome of interest (i.e. such 

as regression coefficients). 

 

The GLMM used in Chapters 4 and 5 was a combined micro-level model representing 

the respondents and macro-level model representing the CCDs (i.e. clusters). The 

GLMM specified was a variance components model (also known as random intercepts 

model) (Subramanian et al. 2003; Longford 2005) including both fixed and random 

parameters. Variance component models are the simplest of the mixed models. The 

variance components specification meant that the intercepts for the CCDs were allowed 

to vary around the population-based mean. Hence, two variance random effects were 

modelled - one representing macro-level variance (i.e. CCD variation around the grand 

mean) and the other representing micro-level variance (i.e. residual variance left after 

accounting for the macro level variance). The micro-level, macro-level, and combined 

(GLMM) model are presented below.  

 

Micro-level model representing respondents 

 

Yij = BojXoij + B1X1ij + eoij 

 

where Y is the behaviour (minutes of physical activity in Chapter 4 and travel distance 

in Chapter 5); i is the subscript denoting respondent; j is subscript denoting Census 
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Collector District; Xi is an independent variable (in this case a continuous variable); Bo 

is the regression intercept and also a fixed effect and represents the overall mean 

behaviour or respondents in each Census Collector District; B1 is the regression slope 

term (a fixed effect) when a continuous variable and represents difference from the 

reference level of the dummy variable(s) when a categorical variable is included; and, e 

is the residual (a random effect) representing the deviation between the observed and 

predicted behaviour of interest for each respondent within each Census Collector 

District.  

 

Macro-level model representing Census Collector Districts 

 

Boj = Bo + uoj 

 

where j is the subscript denoting CCD; Bo is the regression intercept (a fixed effect) and 

represents the grand mean behaviour; and, u is the residual (a random effect) 

representing the deviation between the average behaviour for the CCD and the grand 

mean.  

 

Macro and micro-level models combined (GLMM) 

 

Yij = Bo + B1X1ij + uoj + eoij 

 

where Y is the behaviour; i is the subscript denoting respondent; j is the subscript 

denoting Census Collector District; Xi is an independent variable (in this case a 

continuous variable); Bo is the regression intercept and also a fixed effect and represents 

the overall mean behaviour or respondents in each Census Collector District; B1 is the 

regression slope term (a fixed effect) when a continuous variable and represents the 

difference from the reference level of the dummy variable(s) when a categorical 

variable is included; uo is the residual (a random effect) representing the deviation 

between the observed and predicted behaviour of interest at the level of the CCD; and, 

eo is the residual (a random effect) representing the deviation between the observed and 

predicted behaviour of interest for each respondent within each Census Collector 

District.  
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The GLMM was undertaken in SAS 8.1 using the PROC MIXED procedure. The 

models took into account the actual correlational structure of the data (i.e. an 

‘unstructured’ correlational structure imposed) as opposed to a correlational structure 

being specified. Regression coefficients (fixed effects) and variances (random effects) 

were estimated using Restricted Maximum Likelihood and the denominator degrees of 

freedom calculated using the “between/within” method for the fixed parameters (Littell 

et al. 1996; Singer 1998).  

 

Generalized Estimating Equations (GEE) 

 

Generalized Estimating Equations (GEE) are marginal models that can be used to model 

random effects when the outcome measure is non-normally distributed (i.e. binary, 

Poisson). Hence, GEE models can be used when multiple observations have been made 

on the same individual, for example, where repeated measures are taken or where 

observations are clustered (Horton & Lipsitz 1999; Mutapi & Roddam 2002). GEEs are 

a type of Generalized Linear Model (GLM) and include three components: a random 

component; a systematic component; and, a link function (Kleinbaum & Klein 2002). 

The random component is the outcome measure that is required to follow an 

exponential probability distribution (i.e. binomial, Poisson). The systematic component 

is the linear function of the regression parameters (i.e. the linear regression function). 

The link function is the function of the mean response that is modelled linearly with 

respect to the regression parameters (i.e. links the random and systematic 

components)(Kleinbaum & Klein 2002). For correlated data, a working correlation 

structure is also specified (i.e. unstructured, independent, exchangeable, auto-

regressive). 

 

The GEE analyses in Chapters 4 and 6 were specified with a logit link function, a 

binomial distribution, and an exchangeable working correlation structure. The logit link 

function was specified to obtain the log odds of the outcome of interest and the binomial 

distribution was specified because the outcome measure of interest was dichotomous. 

By using the exchangeable correlation structure, an assumption that any two 

respondents within a cluster (CCD) have the same correlation, was made. Nevertheless, 

that fact that the exchangeable correlation structure may not perfectly reflect the actual 

correlation structure of the data is a limitation. However, the exchangeable working 

correlation structure is considered to be one that best represents most situations (i.e. 



 

78 

simplest structure) involving clustered data (Kleinbaum & Klein 2002) and GEE is 

fairly robust when the incorrect correlation structure used in large samples. Moreover, 

GEE was undertaken using the GENMOD procedure in SAS 8.1. 

 

Calculation of intra-cluster correlations 

 

The intra-cluster correlation is a measure of clustering and represents the portion of total 

variance (uoj + eoij) that occurs between clusters (uoj) (Hox & Kreft 1994; Hox 1995; 

Singer 1998; Heck & Thomas 2000). Small increases in the intra-cluster correlation (p) 

can substantially increase the Type 1 error (Barcikowski 1981). When the outcome 

measure of interest was a continuous variable, the proportion of total variance in 

behaviour explained by the CCD was derived using the following equation: 

 

Intra-cluster correlation 

 

ρ = uoj/(uoj + eoij) 

 

where ρ is the intra-cluster correlation; uoj is the variance at the CCD level, and eoij is the 

variance at the individual level. The values for ρ were calculated based on uoj and eoij 

values derived from the one-way random effects ANOVA (Singer 1998) - the GLMM 

specified earlier but with the fixed parameters unspecified. 

  

An estimate of the working correlation structure was also calculated for dichotomous 

outcome measures when GEEs were undertaken. This was obtained from the SAS 

output (using the CORRW option on the repeated statement) after specifying the GEE 

model that excluded any independent variables. The working correlation value is 

calculated from residuals of the naïve logistic regression model, where no correlational 

structure was imposed. Estimates of the level of clustering within census collector 

districts of the physical activity outcome measures presented in this thesis are shown in 

Appendix 3-A. 

 

Rasch analysis  

 

In this study Rasch analysis was used to develop a method for assessing the 

psychometric properties of physical environmental audit instruments, to examine the 
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interrelationships among conceptually related environmental attributes, and to develop 

indices with fundamental measurement properties that summarize environmental 

supportiveness for walking. This section provides an overview of the Rasch analysis. 

 

Background and technical information about Rasch analysis presented in this section 

supplements specific methodological details provided in Chapter 8. Rasch models can 

be considered the simplest model from the family of Item Response Theory Models. 

IRT is a statistical approach to instrument and item diagnostics and scale development. 

IRT has advantages over Classical Test Theory (CTT) approaches (e.g. factor analysis) 

(Embretson & Reise 2000; Mâsse et al. 2002; Reeve & Mâsse 2004). In particular, 

factor analytic techniques, which often use Pearson’s Moment correlation matrices, are 

not robust to the categorization of items or variables (i.e. correlations are 

attenuated)(Flora et al. 2003). In contrast to CTT, where analysis is at the test level,  

IRT provides item-level analysis which is based on the pattern of responses (Hambleton 

& Van der Linden 1982; Embretson & Reise 2000). 

 

IRT models use threshold and slope parameters and not just mean or variance 

information, meaning parameter estimates are less sensitive to the characteristics of the 

sample tested (Embretson & Reise 2000; Reeve & Mâsse 2004). Difficulty parameters 

of items are determined independently of the ability or trait levels of persons, and 

person ability or trait levels determined independently of items difficulty parameters 

(Embretson & Reise 2000). Test-dependent scores and sample-dependent item 

parameters are used in CTT (Hambleton & Van der Linden 1982). 

 

The basic Rasch model (Rasch 1980), is a one-parameter (i.e. a difficulty parameter) 

model that mathematically predicts the probability of expected responses to items or 

variables based on the level of the underlying trait being examined (Hambleton & Van 

der Linden 1982; Wood 1987). Difficulty parameters differ across items. Items with 

higher levels of difficulty demand higher levels of the underlying trait of interest (i.e. 

the latent trait).   

 

The Rasch model unlike other IRT models does not include additional parameters such 

as discrimination (i.e. two-parameter model) and guessing (i.e. three-parameter model) 

although discrimination of polytomous items may differ across items (Andrich & Van 

Schoubroeck 1989). Two and three-parameter IRT models, are considered to fit data 
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more often than the one-parameter model because they take into account discrimination 

of items and guessing; however, their inclusion may make interpretation of outcomes 

more complicated (Wright & Panchapakesan 1969; Wright 1977a; Wright 1977b). The 

Rasch model also has the quality of specific objectivity, which infers that comparisons 

between trait estimates are made independent of the difficulty of items, and the 

comparison of item difficulties are made independent of trait levels (Smith & Miao 

1994; Embretson & Reise 2000). 

 

An extension of the simple Rasch model, the Partial Credit Rasch model was used in 

this thesis (Masters 1982; Andrich et al. 1997). This model is specified when items or 

variables have several ordinal response categories that are not considered to have 

equally spaced intervals. This model is particularly useful when a survey or 

questionnaire comprises items with mixed response formats - as is the case with the 

SPACES instrument (Pikora et al. 2002). The basic mathematical form of the Partial 

Credit Rasch model is shown below (Bond & Fox 2001): 

 

Partial Credit Rasch model 

 

Pnik = exp(Bn - Dik)/1 +exp(Bn - Dik) 

 

where Pnik is the probability of a person (n) choosing a category response (k) over the 

one before it on an item (i). B is the ability of a person (n), D is the difficulty of the 

threshold of the response category (k) on an item. The threshold of an ordinal item 

represents the point where adjacent response categories have an equal probability of 

being chosen for a given level of the latent trait. The threshold in an ordinal categorical 

variable is equivalent to the difficulty parameter for a dichotomous variable. Essentially, 

the dichotomous Rasch model is used for each pair of adjacent categories in the partial 

credit model (Masters 1982; Andrich et al. 1997). The thresholds and probabilities of 

selecting a particular response category as a function of the latent trait can be 

graphically represented and used for diagnostic purposes. These graphs are known as 

Category Characteristic Curves and their use is described in Chapter 8. Further 

information with regard to the Partial Credit Rasch model is presented elsewhere 

(Masters 1982; Andrich et al. 1997).   
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Several assumptions must be met for the results from Rasch analysis to be considered 

valid. These assumptions reflect conditions related to unidimensionality, local 

independence, model fit and the Rasch scoring model. 

 

Unidimensionality of a scale indicates that responses to all items represent a single 

dominant latent trait. This is often examined using factor analytic techniques. However, 

fit of data to the Rasch model indicates unidimensionality. The pattern of residuals, 

determined from the differences in observed and expected (Rasch model determined) 

item responses, can be used to indicate the dimensionality of the data (Wright & 

Panchapakesan 1969; Smith & Miao 1994; Wright 1996; Linacre 1998).  

 

Variable point-biserials (rpb) are correlations between the variable or item score and the 

overall construct or scale score. Point-biserial correlations have been used by other 

researchers as a preliminary step before performing Rasch analysis (Linacre 1992; 

Chang 1996; Linacre 1998). They are generally used to detect initial departures from the 

expected model (Linacre 1992; Linacre 1998). A negative or low positive point-biserial 

correlation can indicate that an item or variable is not acting as expected with regard to 

the underlying construct.  

 

Local independence indicates that the relationship among items is a result of the 

conditional relationship with the latent trait  (Reeve & Mâsse 2004). In other words, 

responses to any item is unrelated to responses given on any other item (Nandakumar et 

al. 1998; Embretson & Reise 2000). Theoretically, there would be no relationship 

among items if the latent trait was held constant (Reeve & Mâsse 2004). Locally 

dependent items can be observed when there are high inter-item correlations. However, 

Rasch fit statistics (i.e. residuals) can also indicate local dependencies when suspect 

items are added and removed from the Rasch model.  

 

Model-fit indicates the correspondence between actual item or variable responses and 

those estimated by the Rasch model. A qualitative and quantitative approach is taken to 

examine item and person fit. The model fit diagnostics used in this thesis included 

examination of the scoring model, the person and item residuals, and Item Characteristic 

Curves (ICCs). Model fit based on the residuals indicate the degree of correspondence 

between the pattern of actual item responses and the Rasch model predicted pattern of 

responses. Data that fit the Rasch model show a monotonic relationship between 
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responses to items or variables and the underlying attribute that the items are intended to 

represent (Wright & Stone 1979; Bond & Fox 2001). The standard fit residuals and the 

probability for the chi-square will be used to help assess the dimensionality of the data. 

Fit residuals approximate a t-distribution. Hence, the RUMM2020 residual statistics 

have an expected mean of zero and a standard deviation of one. Two types of residual 

statistics were used concurrently to provide evidence of variable misfit to the model: 1) 

the item-person interaction statistic; and 2) the item-trait interaction statistic (Andrich & 

Van Schoubroeck 1989; RUMM Laboratory 2004). The item-person interaction statistic 

(Zstd) is a standardized residual derived from the difference between the expected or 

modelled score and the obtained score for each person (or street segment) to each item 

(or variable) (Andrich & Van Schoubroeck 1989). This statistic is determined for each 

variable and can be summarized over the entire set of variables. It reflects the degree of 

dispersion or the level of discrimination of a variable. A high negative item-person 

interaction statistic indicates less dispersion and over-discrimination, and a high positive 

statistic indicates more dispersion and under-discrimination (Andrich & Van 

Schoubroeck 1989). 

 

The item-trait interaction statistic is a chi-square statistic that is determined from the 

comparison between the expected score and the mean observed score for groups of 

people or segments (termed class intervals). Class intervals include individuals or 

segments with similar ability estimates on an item or variable. Five class intervals 

representing approximately equal groups of segments of similar levels of support were 

used in the analysis. An item-trait interaction statistic was derived across all variables, 

and if found to be statistically significant (i.e. evidence of misfit) the item or variable 

level item-trait interaction statistics were investigated (Andrich & Van Schoubroeck 

1989). ICCs were also used to identify misfiting items. Details regarding the use of 

ICCs and person separation indices have been presented in Chapter 8. 

 

The scoring model (Wright 1996) can be represented by Category Characteristics 

Curves (CCCs) which show the probability of selecting a particular item response 

category as a function of the underlying trait. CCCs show where adjacent response 

categories overlap (i.e. threshold) representing the point where adjacent response 

categories have equal probability of being selected. It is an expectation of the Rasch 

scoring model that these thresholds are ordered. That is, the probability of selecting 

higher response scores on an item or variable is higher among persons (or 
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environments) that have more of the underlying trait and lower among persons (or 

environments) that have less of the underlying trait.    

 

Structural Equation Modelling 

 

This section provides a brief background to Structural Equation Modelling (SEM) 

techniques used in this thesis; however, specific details about its application are 

presented in Chapter 9. SEM is a statistical technique that can be used to test 

hypothesized causal relationships (a priori) between manifest (i.e. observed) and or 

latent (i.e. unobserved) variables (Raykov & Marcoulides 2000; Kline 2005). Manifest 

variables are those that can be directly measured (i.e. age, height, weight), while latent 

variables are unobservable (i.e. attitude, self-efficacy) and can only be measured 

indirectly using indicators (i.e. manifest variables). The SEM is defined by a series of 

equations that include known and unknown parameters (Raykov & Marcoulides 2000). 

Sample covariances are then used to solve (i.e. using maximum likelihood, generalized 

least squares or asymptotically distribution free algorithms) for the unknown equation 

parameters. SEMs must meet a necessary condition to allow unknown parameters to be 

solved - there must be enough empirical information (i.e. in the covariance matrix) to 

allow unique estimation of model parameters (Raykov & Marcoulides 2000). Hence the 

models need to be “just-identified” (model degrees of freedom = 0) or “over-identified” 

(model degrees of freedom >0)(Raykov & Marcoulides 2000).   

 

SEM is used to test multiple causal pathways (i.e. equations) simultaneously - including 

between multiple exogenous (i.e. independent) and endogenous (i.e. dependent) 

variables (Raykov & Marcoulides 2000; Kline 2005). Exogenous variables are those 

that have no antecedent or are not caused by any other variables. Endogenous variables 

are hypothesized to be caused by other variables including exogenous and other 

endogenous variables (Kline 2005). The fact that SEM can be used to test entire theories 

or behaviour models at one time is an advantage over conventional regression 

techniques, such as multiple linear regression, where only causal pathways to a single 

endogenous variable can be examined in any given analysis. In addition, SEM can be 

used to remove the influence of measurement error from estimated associations between 

variables. Conventional techniques such as multiple linear regression assume all 

observed variables are perfectly measured and therefore free of measurement error. 
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Ignoring measurement error can lead to biased estimates between variables (Bollen 

1989; Kline 2005).   

 

SEM is therefore used to: 1) examine the association between multiple endogenous 

variables; 2) examine the relationship among indicator variables and the underlying 

latent construct, and among latent constructs (i.e. Confirmatory Factor Analysis); 3) 

provide model-based estimates of validity and reliability for both observed variables 

and latent constructs; and 4) allow correlations between measurement errors (i.e. 

relevant where autocorrelation is present, such as longitudinal studies) (Kline 2005).  

 

A two-step approach (Anderson & Gerbing 1998) for specifying the structural model 

was taken in this thesis. A stepped approach to undertaking SEM is necessary to 

identify sources of misfit in the SEM (Kline 2005). The first step involves the 

specification and examination of the measurement model. Measurement models are 

used to examine a priori relationships among indicators and the underlying latent trait 

that they represent (i.e. attitude items reflective of the latent trait attitude) (Raykov & 

Marcoulides 2000; Kline 2005). This procedure is termed Confirmatory Factor Analysis 

(CFA). Once the measurement models are considered acceptable representations of the 

data, the second step involves specification of hypothesized causal or structural 

pathways between manifest and latent variables. Together, the measurement models and 

structural pathways contribute to the overall fit of the SEM.  

 

The measurement model 

 

Measurement models are used to examine the relationships among indicators and the 

underlying latent trait (i.e. CFA). This is similar to exploratory factor analysis however, 

in SEM the examination of the relationship between indicators and the latent construct 

is confirmatory and not exploratory. Based on prior theory, knowledge and experience, 

the researcher specifies a priori which indicators belong to a latent construct and then 

examines how well the indicators represent the construct. The measurement model can 

include a single latent construct represented by several indicators and is known as a one-

factor congeneric measurement model. The measurement model can also include 

several correlated latent constructs and their indicators (i.e. essentially several correlated 

one-factor congeneric models), and is known as a multi-factor measurement model. The 

one-factor congeneric measurement model represents a construct that is unidimensional, 
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whereas the multi-factor model attempts to take into account multidimensionality. One-

factor congeneric measurement models require at least three indicator variables (i.e. 

just-identified) to provide estimate parameters (Bollen 1989). For multi-factor 

measurement models at least two indicators per latent construct are necessary (Bollen 

1989).  

 

Figure 3 presents a path diagram of a one-factor congeneric model. ξ is the latent 

construct or variable; λ1-3 are the factor loadings describing the relationship between the 

latent construct and the manifest variables or indicators (X1-3); and, δ1-3 are disturbance 

terms (i.e. measurement and random error). Ellipses and circles are used for latent 

constructs or variables and rectangles used for manifest variables. A multi-factor 

measurement model is not shown; however, this could have been drawn by joining two 

one-factor congeneric models by a curved arrow (i.e. a correlation path). 

 

 

Figure 3. A one-factor congeneric model 

 

The magnitude and statistical significance of the factor loadings indicate the extent to 

which the indicators or observed variables reflect their latent constructs. The latent 

construct with high factor loadings on all indicators provide evidence of convergent 

validity (Kline 2005). Discriminant validity can be examined when using multi-factor 

measurement models. Correlations between latent constructs <0.85 indicate that the 
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constructs are measuring distinct components of the multi-dimensional latent trait 

(Kline 2005). However, the factor loadings do not provide information about the level 

of congruence between the measurement model and data - this information is provided 

by several fit indexes.  

 

The structural model 

 

The structural model reflects the theory of interest e.g. the modified version of the 

Theory of Trying and Theory of Planned Behaviour used in this thesis (Bagozzi & 

Warshaw 1990), and simultaneously estimates the associations for all specified causal 

pathways among the latent and observed exogenous and endogenous variables. Using 

the two-step approach to SEM development, the factor loadings and error variances 

found from the measurement model in the first step are fixed, and hypothesized casual 

pathways among the exogenous and endogenous variables are estimated. Equivalent to 

the measurement model, path coefficients and significance levels indicate the direction 

and the strength of the relationship between variables (i.e. similar to regression 

coefficient). Furthermore, R-square (R2) values are estimated, indicating the amount of 

variance in the endogenous variable explained by exogenous or other endogenous 

variables. The path coefficients do not provide information about the level of 

congruence between the SEM and data; however, this information can be determined 

from several fit indexes. 

 

Measures of fit represent how satisfactorily the hypothesized model explains the sample 

data. The fit indexes presented apply equally to the assessment of the measurement 

models and the SEMs. The fit indexes can be used as tools for specifying the models in 

order to obtain better fitting models. It has been suggested that several fit indexes be 

used when evaluating model fit (Bollen 1989; Holmes-Smith et al. 2005; Kline 2005). 

This is because traditional chi-square statistics used to evaluate fit are sensitive to large 

samples sizes, and can thus result in the rejection of SEM when it may be a reasonable 

reflection of the data (Bollen 1989). The fit indexes and their suggested cut-off criteria 

(in parentheses) used in Chapter 9 of this thesis include:  

 

1) Model Pearson’s Chi-square where non-statistically significant values (p >0.05) 

provide evidence of congruence.  
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2) Normed Chi-square (NC) where values >1 and <3 indicate congruence (Bollen 

1989; Holmes-Smith et al. 2005). 

3) Root Mean Square Error of Approximation (RMSEA) values <0.08 indicate 

reasonable model fit (Browne & Crudeck 1993).   

4) Standardized Root Mean Square Residual (RMR) values <0.10 are considered 

acceptable (Kline 2005). 

5) Goodness of Fit Index (GFI) values >0.90 indicate reasonable fit (Joreskog & 

Sorbom 1981; Holmes-Smith et al. 2005; Kline 2005). 

6)  Adjusted Goodness of Fit Index (AGFI) values >0.90 indicate reasonable fit 

(Joreskog & Sorbom 1981; Holmes-Smith et al. 2005; Kline 2005). 

7) Comparative Fit Index (CFI) values >0.90 indicate the specified model more 

adequately fits the data than a baseline model (i.e. independence or null model) 

(Bentler 1990; Holmes-Smith et al. 2005; Kline 2005). 

 

Fit indexes 1 through 6 are measures of “absolute” fit; that is, they reflect the absolute 

difference between the sample covariance and the model-implied covariance matrices.  

The CFI is an index of “incremental” or “comparative” fit. Incremental fit indexes 

compare the hypothesized model with a baseline or null model. Comparisons between 

nested models can also be made using the likelihood chi-square ratio test. It should also 

be noted that NC is a measure of absolute fit that takes into account model parsimony 

(NC = chi-square/degrees of freedom) (Holmes-Smith et al. 2005; Kline 2005).   

 

Relationships among individual parameters can also be examined for models that show 

unacceptable fit using the residuals. In particular, the standardized residual matrix (i.e. 

the discrepancy between actual and implied correlations) can be examined. High 

positive values (>3) indicate that the model under-explains the relationship between a 

pair of variables while a large negative value (<-3) over-explains the relationship 

(Bollen 1989; Raykov & Marcoulides 2000). However, standard residuals >2.58 are 

generally considered unacceptable (Holmes-Smith et al. 2005) and suggest that the 

inclusion or removal of some causal paths might be necessary. In addition, modification 

indices (MI) can be examined. MI values >3.84 indicate that the chi-square statistic 

would be significantly reduced when the model modification is undertaken (Holmes-

Smith et al. 2005; Kline 2005). However, removal or inclusion of paths based on any 

empirical evidence should be theoretically justified. SEM in this thesis was undertaken 

using AMOS 5.0 (Analysis of Moments Structures: SPSS, Chicago). 
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CHAPTER 4 
 

CORRELATES OF DISTANCES TRAVELLED TO USE 

RECREATIONAL FACILITIES FOR PHYSICAL 

ACTIVITY BEHAVIOURS5  
 

ABSTRACT 

 
Information regarding how far people are willing to travel to use destinations for 

different types of recreational physical activity behaviours is limited. This study 

examines the demographic characteristics, neighbourhood opportunity and specific-

physical activity behaviours associated with distances travelled to destinations used for 

recreational physical activity. A secondary analysis was undertaken of data (n = 1006) 

from a survey of Western Australian adults. Road network distances between 

respondents’ homes and 1) formal recreational facilities; 2) beaches and rivers; and 3) 

parks and ovals used for physical activity were determined. Associations between 

distances to destinations and demographic characteristics, neighbourhood opportunity 

(number of destinations within 1600 metres of household), and physical activity 

behaviours were examined. Overall, 56.3 percent of respondents had used a formal 

recreational facility, 39.9 percent a beach or river, and 38.7 percent a park or oval. The 

mean distance travelled to all destinations used for physical activity was 5463 ± 5232 

metres (m). Distances travelled to formal recreational facilities, beaches and rivers, and 

parks and ovals differed depending on the physical activity undertaken. Younger adults 

travelled further than older adults (7311.8 versus 6012.6 metres, p = 0.03) to use 

beaches and rivers as did residents of socioeconomically disadvantaged areas compared 

with those in advantaged areas (8118.0 versus 7311.8 metres, p = 0.02). Club members 

travelled further than non-members to use parks and ovals (4156.3 versus 3351.6 

metres, p = 0.02). The type of physical activity undertaken at a destination and number 

of neighbourhood opportunities were also associated with distance travelled for all 

destination types. The distances adults travel to a recreational facility depends on the 

demographic characteristics, destination type, physical activity behaviour undertaken at 

that destination, and number of neighbourhood opportunities. Knowing how far adults 
                                                 
5 This chapter has been published: McCormack, G. R., Giles-Corti, B., Bulsara, M., Pikora, T. J., 2006. 
Correlates of distances travelled to use recreational facilities for physical activity behaviours. 
International Journal of Behavioral Nutrition and Physical Activity, 3, 18. 
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travel to undertake physical activity will assist in designing supportive neighbourhoods 

and designing future ecological research.  

 

BACKGROUND 

 

Land use development patterns contribute to physical inactivity and obesity (Ewing et 

al. 2003; Frank et al. 2004). The increasing distance between households and 

destinations, a consequence of urban sprawl, results in fewer transport related walking 

trips as well as reductions in recreational physical activity undertaken at some 

destinations such as parks and recreational facilities (Frank & Engelke 2001; Frank et 

al. 2003). To date, research indicates that physical activity participation is higher in 

adults who live within close proximity of trails (Troped et al. 2001; Moudon et al. 

2005), parks (Giles-Corti & Donovan 2003; Giles-Corti et al. 2005a), beached (Bauman 

et al. 1999; Giles-Corti & Donovan 2003; Humpel et al. 2004a), utilitarian destinations 

such as shops (Handy & Clifton 2001) and recreational facilities (Sallis et al. 1990 ; 

Giles-Corti & Donovan 2002a). Fewer studies have examined the relationship between 

proximity and actual use of recreational destinations (Brownson et al. 2000; Troped et 

al. 2001; Hoehner et al. 2005).  

 

While proximity to destinations might encourage their use and physical activity 

participation, other evidence suggests that people are willing to travel outside their local 

neighbourhood to use certain types of recreational facilities. Bull et al.(2000) found that 

among Western Australian adults, activities such as aerobics and team sports were 

mostly undertaken at gyms, health clubs or recreation centres (64.6 percent and 83.3 

percent respectively). Moreover, many popular destinations such as beaches, used for 

swimming (33.6 percent) and running (16.5 percent) (Bull et al. 2000), are likely to be 

located outside an individual’s local neighbourhood. Other Western Australian data 

show that among the 51.2 percent of recreational facilities used, the most popular 

included passive (i.e. designated space for non-organized sporting activities) (58.9 

percent) and active (i.e. designated space for organized sports) (28.5 percent) public 

open space, indoor recreation facilities (23.3 percent), and aquatic centres (9.4 percent) 

(Australian Bureau of Statistics 1999). Of those reporting the use of recreational 

facilities, less than half (45.3 percent) reported the facility being within walking 

distance. A Western Australian Government commissioned study of metropolitan beach 

use, found that 43.8 percent of those who drove to the beach resided within a 10 
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kilometre radius (Houghton 1988). Our own data suggest use of public open space is 

sensitive to distance from home (Giles-Corti & Donovan 2002a), but that adults are 

willing to travel further to use other recreational facilities used for vigorous activities 

and team sport (e.g. beaches, formal recreational facilities).  

 

Post World War II suburban environments have resulted in increased travel distances to 

destinations. Ross (2000) suggests that activities such as shopping, recreational and 

other activities are generally no longer undertaken in local neighbourhoods. This is 

supported by Western Australian data that shows 24 percent of leisure and recreational 

trips are less than one kilometre from home, while 30 percent are between one and five 

kilometres (Socialdata Australia 2000). Hence, approximately three-quarters of trips for 

leisure - including active (e.g. sport and exercise) and passive activities (e.g. spectating 

and socializing) - appear to be outside the local neighbourhood. Another descriptive 

study involving Perth residents found that people travelled further than their local area 

to use indoor sporting and tennis facilities, however, more locally available swimming 

pools, parks, and squash courts were used (Lobo 1988). Furthermore, some evidence 

suggests travel distances may vary according to the type of activity, rather than the type 

of facility. For example, recreational boaters, sailors and water-skiers were less willing 

to travel as far as pleasure cruisers or fisherman (Lentek et al. 1969). 

  

Econometric models of travel behaviour based on the derived travel demand framework 

hypothesize trip making (i.e. travel distance, time, and mode) as a function of money or 

time cost of travel, individual income, socio-demographic characteristics and built 

environmental characteristics (Handy et al. 2002). Hence, distances travelled reflect 

locational as well as demographic and behavioural characteristics (Hanson & Hanson 

1980; Bagely & Mokhtarian 2002). Hanson and Hanson (1980) found that men visited 

recreational destinations that were on average 1.3 kilometres further away than those 

visited by women. Bagley and Moktarian (2002), not considering the destination type 

used, reported that men travelled further compared with women regardless of mode 

(walking, cycling, transit, and vehicle). Nevertheless, a limitation of studies to date is 

the broad range of destinations defined as recreational. In studies of travel behaviour, 

leisure or recreational activities have generally included both passive (e.g. socializing, 

cinema, attending sporting events) and active (e.g. sport, exercise) forms of activity.  
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The spatial location of opportunities in the local neighbourhood may also affect travel 

behaviour as well as the activity undertaken at the destination (Golledge & Stimson 

1997). The spatial distribution of destinations affects both accessibility and mobility 

(Handy & Neimeier 1997). Handy (1993) found that areas with higher levels of local 

accessibility resulted in shorter trip lengths. Lund (2003) found that the frequency of 

utilitarian walking trips was higher among residence of neighbourhoods with access to 

parks and retail. Furthermore, higher levels of accessibility and local opportunity 

measured through cumulative or gravity functions have been associated with higher 

levels of physical activity independent of demographic characteristics (Sallis et al. 1990 

; Giles-Corti & Donovan 2002a; Giles-Corti & Donovan 2003; Hoehner et al. 2005). 

Having limited opportunities available in their immediate areas may force people to 

travel outside their neighbourhoods.  

 

Understanding more about how the proximity of recreational destinations affects 

physical activity is important because limited access to facilities has been identified as a 

barrier to physical activity participation (Dishman & Sallis 1994). However, the 

relationship is complex affected by both the location and the activity undertaken at that 

location (Garling & Golledge 1993). The desire to undertake an activity combined with 

demographic attributes of the traveller might be sufficient to overcome distance such 

that an individual is prepared to use destinations outside their local neighbourhood.  

 

Information about how far people are willing to travel to use destinations for different 

types of physical activity behaviours, and whether demographic characteristics are 

associated with travel distance to specific recreational facilities is limited. Thus, using 

an econometric model of travel behaviour the objective of this descriptive study was to 

examine whether demographic characteristics, neighbourhood opportunity and specific-

physical activity behaviours or purpose (i.e. walking, vigorous-intensity, and moderate-

intensity physical activity) were associated with distances travelled to destinations used 

to undertake recreational physical activity in Perth, Western Australia.  
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METHODS 

 
Sample design 

 

This study involved a secondary analysis of a sub-sample of data collected from the 

Study of Environmental and Individual Determinants of Physical Activity (SEID1). The 

SEID1 study was initially undertaken to examine the relationship between social 

disadvantage, the physical environment and recreational physical activity and included a 

cross-section of adults aged 18 to 59 years (n = 1803, response rate 52.9 percent) from a 

408 kilometre2 area of Perth, Western Australia (Giles-Corti & Donovan 2002a). 

Subjects were recruited from 277 census collectors’ districts (CCD) from the top (137 

CCDs and n = 929) and bottom (140 CCDs and n = 874) percentiles of social 

disadvantage. Data collection was conducted in late spring 1995 and the procedure 

involved a face-to-face interview in the respondent’s home. Further details of the 

respondent recruitment have been explained elsewhere (Giles-Corti & Donovan 2002a). 

The University of Western Australia Human Rights Committee granted ethics approval. 

 

Data collected 

 

During interviews, respondents reported type, frequency, duration and destinations used 

for different types of physical activity over the past two weeks. Physical activities 

included walking for recreation, walking for transport (i.e. to get to or from destinations 

including work, shops or public transport), moderate-intensity, and vigorous-intensity 

physical activity (i.e. activities that made them breath hard or puff and pant). The 

reliability and validity of these items have been demonstrated in Australian contexts 

(Australian Institute for Health and Welfare 2003). Respondents were also presented 

with a list of specific activities (i.e. walking, jogging/running, swimming, aerobics, 

team sports, tennis/squash, and cycling) and specific locations where the activity could 

have been undertaken (e.g. parks, the river, the beach, recreational facilities). 

Respondents then provided location information (i.e. facility name and address) for each 

location used for physical activity in the past two weeks. Demographic data were also 

collected. Respondent residential location and the spatial location of all recreational 

destinations within the study area, including those reported being used for physical 

activity, were geocoded using MapInfo. ArcInfo Geographical Information Systems 

software was used to undertake road network analysis to determine the shortest road 
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network distance in metres between respondent’s homes and all destinations. Only those 

respondents reporting the use of a destination to participate in physical activity for 

recreation were considered for this study (n = 1006). The destinations in this study 

excluded streets and the homes. 

 

Independent variables 
 

Physical activities undertaken at recreational destinations were aggregated into five 

categories: 1) walking only; 2) vigorous-intensity only; 3) moderate-intensity only; 4) 

other recreational activity only; and 5) multiple recreational activities. ‘Other 

recreational activity’ included other physical activities undertaken excluding walking, 

jogging/running, swimming, aerobics, team sports, tennis/squash, and cycling which 

were captured by the walking, vigorous-intensity and moderate-intensity categories. In 

addition, the same activity could be considered either vigorous or moderate-intensity 

(e.g. vigorous or moderate cycling). ‘Multiple recreation activities’ was used to identify 

those destinations at which more than one physical activity was undertaken (e.g. 

swimming and walking at the same beach). Physical activity in this case is akin to trip 

purpose used in travel behaviour models (Handy et al. 2002) (e.g. purpose of using 

formal recreation facility was for vigorous activity only). The original  purpose of the 

data collection was not to examine travel behaviour (Giles-Corti & Donovan 2002a) 

hence a measure of travel cost was not collected.  

 

Demographic characteristics including gender, age (i.e. 18 to 34, 35 to 44, and ≥45 

years) annual household income (i.e. <$34 999, $35 000 to $59 999, ≥60 000, and 

refused/don’t know), and club affiliation (member, and not a member) were included in 

the current analysis. In addition, social disadvantage, a Socio-Economic Index for Areas 

(SEIFA) calculated by the Australian Bureau of Statistics, was used to categorize 

respondents as either socioeconomically advantaged (i.e. top percentile) or 

disadvantaged (i.e. bottom percentile). The index reflects income, occupation, 

education, and employment at the census collect district level. 

 

A neighbourhood cumulative opportunity variable representing the density or count of 

destinations located within a respondent’s local neighbourhood was calculated. 

Measures of cumulative opportunity represent the number of opportunities - in this 

paper the number of recreational destinations - that can be reached within a given travel 
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distance or time however, a criterion or ‘gold standard’ distance or time has not been 

established (Handy & Neimeier 1997). Our measure of neighbourhood opportunity 

included destinations within a 1600 metre road network distance of the respondent’s 

home - corresponding to an upper limit of destinations that could be walked to in 15 

minutes or driven to in less than five minutes (Giles-Corti et al. 2005b). Each 

respondent had three separate measures of neighbourhood opportunity, one for each 

destination type: beach and rivers; parks and ovals; and formal recreational facilities. 

Because access to a motor vehicle may potentially increase the number of recreational 

opportunities available to an individual, a mobility variable with two categories 

representing access to a motor vehicle (i.e. always, and none to sometimes) was also 

included.  

 

Dependent variables 

 

Destinations used for physical activity were grouped into three main types: 1) beaches 

and rivers; 2) parks and ovals; and 3) formal facilities (e.g. health clubs, 

recreation/leisure centres, community swimming pools, local halls, gymnasiums, sports 

stadiums). The outcome variables used in the analyses road network distances, in 

metres, to each of the three destination types. Skewed distributions of the distances to 

the three destination types resulted in log transformations of distance. 

 

Statistical analyses 

 

The analysis was stratified by destination type. Three separate models were specified to 

examine the association between demographic characteristics, neighbourhood 

opportunity, and physical activity behaviours and 1) distance to a used beach or river; 2) 

distance to a used park or oval, and; 3) distance to a used formal recreation facility. The 

dataset included a multiple response structure (n = 1606 observations from n = 1006 

respondents). Inspection of the sample size after stratification by destination type 

showed the following breakdown: n = 453 observations from 401 respondents within 

174 CCDs for use of beaches and rivers; n = 430 observations from 389 respondents 

within 191 CCDs for use of parks and ovals; and n = 723 observations from 566 

respondents within 233 CCDs for use of formal recreational facilities. Respondents 

could report undertaking physical activity at several similar destination types (e.g. 

running at two different beaches). Of those reporting the use of a park or oval, 90.2 
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percent did so at a single location during the previous two weeks (i.e. 9.8 percent of 

respondents had used multiple parks and ovals). Similarly, of those using formal 

recreational facilities, 76.7 percent used only a single formal recreational facility in the 

previous two weeks, and 88.0 percent of beach or river users used a single location. 

 

Although the data represented a possible three level hierarchical structure, a two level 

model was used, i.e. observations (level 1) within CCDs (level 2). This model was used 

due to the limited number of multiple responses obtained for each person (beaches and 

rivers mean = 1.12 ± 0.37, range = 1 to 4; parks and ovals mean = 1.11 ± 0.33, range 1 

to 3; and formal recreational facilities mean = 1.28 ± 0.55, range 1 to 4), which caused 

problems in estimating variance at the respondent level. There was a higher number of 

responses within CCDs that lead to the specification of the two level model (beaches or 

rivers mean = 2.59 ± 2.14, range 1 to 15; parks and ovals mean = 2.24 ± 1.75, range 1 to 

13; and formal recreational facilities mean 3.10 ± 2.15, range 1 to 13). The use of a two 

level model was further supported by the level of clustering of observations within 

CCDs shown after applying an unconditional means model to the logarithm (log) 

distance i.e. intraclass correlations for formal facilities = 0.16; beach and rivers  = 0.43; 

and parks and ovals = 0.31.  To account for clustering, log distance to destinations was 

compared between levels of the independent variables using generalized linear mixed 

model using the PROC MIXED procedure in SAS  (Littell et al. 1996).   

 

Statistically significant differences in log distance within categories of the independent 

variables were tested using the F-test statistic (type III). For independent variables 

showing statistical significance (p <0.05), post hoc (Least Significant Difference) 

pairwise comparisons were undertaken.  For interpretation purposes, the tables and text 

of the results section present the non-transformed adjusted mean distances together with 

p-values based on the adjusted log transformed distances.  

 

RESULTS 

 

Overall, 566 (56.3 percent) respondents reported using formal recreational facilities, 

401 (39.9 percent) respondents used a beach or river, and 389 (38.7 percent) 

respondents used a park or oval. Table 6 presents the frequency of respondents by 

demographic and physical activity characteristics using formal recreational facilities, 

beaches and rivers, and parks and ovals. Note that the percentages in Table 6 do not 
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equal 100 percent as respondents could report using more than one recreational 

destination type. For example, among men (n = 341), 54.3 percent used a formal 

recreational facility, 44.9 percent used a beach or river, and 37.2 percent used a park or 

oval.  

 

The use of formal recreational destinations was more popular among respondents aged 

18 to 34 years (61.5 percent) compared with those ≥45 years (45.9 percent) however, 

the reverse was true for parks or ovals (≥45 years 43.7 percent; 18 to 34 year olds 36.2 

percent). The most frequently used recreational destination used for physical activity by 

club members was formal recreational facilities (77.5 percent) for physical activity, 

which were the least used destination (37.5 percent) for non-club members. Compared 

with other facilities, formal recreational destinations were more frequently used by 

respondents undertaking vigorous (76.4 percent), moderate (64.7 percent), and other 

(76.9 percent) physical activity. Beaches and rivers, and parks and ovals were popular 

among walkers (51.8 percent and 59 percent respectively). The mean, and standard 

deviation (minimum and maximum shown in parenthesis) number of formal recreational 

opportunities within respondents’ neighbourhoods was 2.47 ± 1.69 (0 and 8), beach and 

river recreational opportunities was 0.65 ± 1.24 (0 and 6), and park and oval 

opportunities was 4.93 ± 2.33 (0 and 13). The non-transformed mean network distance 

to all destinations used for physical activity, was 5463.6 ± 5132.0 metres.   

 

Formal recreational facilities used for physical activity 
 
Estimates from the generalized linear mixed models in Table 7 show that after 

controlling for other independent variables distance travelled to formal recreational 

facilities differed between the types of physical activity for which the destination was 

used (p <0.01). Pairwise comparisons revealed statistically significant (p <0.05) 

differences in distances between home and destinations for respondents undertaking 

other (6796.5 metres) compared with vigorous (4922.8 metres) and multiple (4097.3 

metres) physical activities. Respondents undertaking moderate activity travelled further 

to use formal recreational facilities (6324.4 metres) compared with those undertaking 

vigorous (4922.8 metres) and multiple (4097.3 metres) physical activities. Although 

only approaching statistical significance, respondents not belonging to a club used 

formal recreational facilities that were further away from home compared with club 

members (6053.4 versus 5017.0 metres, p = 0.06). Furthermore, for each additional 
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formal recreational facility located in a respondent’s neighbourhood, the distance 

reduced by 494.7 metres (p <0.01) between the respondent’s household and the formal 

recreational facility used for physical activity.   

 

Beach and rivers used for physical activity 
 
Distance travelled to use beaches and rivers for recreational activity was associated with 

age (p = 0.03), area level SES (p = 0.02), and physical activity purpose (p = 0.03) 

(Table 7). Pairwise comparisons showed that those aged 18 to 34 years used beach and 

river destinations that were further from home compared with adults aged 45 years and 

above (7311.8 versus 6012.6 metres, p = 0.01). Furthermore, those who used the beach 

or river for vigorous physical activity travelled further than those using the beach or 

river for walking (7471.3 versus 5791.0 metres, p <0.01) or for multiple activities 

(7471.3 versus 6028.9 metres, p = 0.05). Respondents who used beaches and rivers for 

moderate activity also travelled further than those using beaches and rivers for walking 

(7044.1 versus 5791.0 metres, p = 0.03). As disadvantaged areas in Perth are generally 

located inland, residents of disadvantaged areas travelled further from home to use 

beaches and rivers compared with respondents living in advantaged areas (8118.0 

versus 7311.8 metres, p = 0.02).  

 

Parks and ovals used for physical activity 
 
Those who were club members travelled further from home to use parks and ovals for 

physical activity than non-members (4156.3 versus 3351.6 metres, p = 0.02).  This 

reflects the fact that the distances to parks and ovals used for recreational physical 

activity differed depending on the type of activities undertaken (p = 0.02). More 

specifically, those undertaking “other” activities at parks and ovals travelled further than 

walkers (4883.5 versus 3333.4 metres, p <0.01), those undertaking other “moderate” 

activities (4883.5 versus 2021.7 metres, p = 0.03) and those undertaking “multiple” 

activities (4883.5 versus 4082.4 metres, p = 0.05). For each additional park and oval 

opportunity located within an individuals neighbourhood, travel to use these facilities 

decreased by 430.3 metres.  
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Table 6. Frequency using formal recreational facilities, beaches and rivers, and 

parks and ovals by demographic and physical activity characteristics1 

 
 
Variable 

 
n 

Formal 
facilities (%) 

Beaches and 
rivers (%) 

Parks and 
ovals (%) 

Gender      
Male 341 54.3 44.9 37.2 
Female 664 57.4 37.3 39.3 
     
Age in years     
18 to 34 423 61.5 41.4 36.2 
35 to 44 304 58.6 36.8 37.5 
≥45 279 45.9 39.1 43.7 
     
Annual income     
<$34 999 267 50.9 39.3 43.1 
$35 to 59 999 246 59.8 38.2 38.2 
≥$60 000 355 60.6 42.0 34.6 
Refused/unknown 137 49.6 38.0 41.6 
     
Area level SES     
Advantaged 586 56.7 42.5 35.8 
Disadvantage 420 55.7 36.2 42.6 
     
Club member     
No 537 37.6 44.9 46.7 
Yes 471 77.5 34.2 29.5 
     
Motor vehicle 
access 

    

Sometimes or never 170 51.8 34.7 40.0 
Always 830 57.2 41.1 38.3 
     
Destination use     
Vigorous exercise 381 76.4 18.4 14.7 
Walking 363 0 51.8 59.0 
Moderate exercise 173 64.7 35.3 5.8 
Other 286 76.9 6.3 20.6 
Multiple use  138 9.4 53.6 36.2 
     
1 Missing responses removed from percentage calculation. Percentages include rounding. 
Row percentages do not equal 100 percent as respondents could report using more than one type 
of recreational destination. 
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Table 7. Adjusted mean network distances to visited formal recreation facilities, 

beach and rivers, and parks and ovals by demographic, accessibility, and physical 

activity characteristics   

 

 Formal facilities Beach and rivers Parks and ovals 
Variable Estimate p-value1 Estimate p-value Estimate p-value 
Gender        
Male 5505.5 0.63 6561.3 0.81 3901.4 0.95 
Female 5565.0  6819.8  3606.6  
       
Age in years       
18 to 34 5668.5 0.77 7311.8 0.03 4061.5 0.25 
35 to 44 5543.8  6747.3  3397.6  
≥45 5393.4  6012.6  3802.8  
       
Annual income       
<$34 999 6074.8 0.78 6964.2 0.18 3781.1 0.62 
$35 to 59 999 5250.1  7297.7  4121.3  
≥$60 000 5644.2  6366.1  4125.4  
Refused/unknown 5171.8  6134.3  2988.2  
       
Area level SES       
Advantaged 6170.4 0.13 7311.8 0.02 3645.0 0.37 
Disadvantage 4900.1  8118.0  3863.0  
       
Club member       
No 6053.5 0.06 6588.0 0.53 3351.6 0.02 
Yes 5017.0  6793.1  4156.3  
       
Motor vehicle 
access 

      

Sometimes or never 5103.6 0.12 6405.1 0.16 3832.9 0.91 
Always 5966.9  6976.1  3675.1  
       
Destination use       
Vigorous exercise 4922.8 <0.01 7471.3 0.03 4449.0 0.02 
Walking .  5791.0  3333.4  
Moderate exercise 6324.3  7044.1  2021.7  
Other 6796.5  7117.4  4883.5  
Multiple use  4097.3  6028.9  4082.4  
       
Neighbourhood 
opportunity2  

-494.7 <0.01 -1289.8 <0.01 -430.3 <0.01 

1Based on F-tests (Type III) undertaken on log-transformed distances. 
2Neighbourhood opportunity represents the count of specific destinations (either formal or 
beaches/rivers, or parks/ovals) within 1600 metres of a respondent’s household (defined as 
“neighbourhood”). 
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DISCUSSION 

 
This study examined factors associated with the distances people travel to use 

destinations for physical activity. We found that the physical activity behaviour 

undertaken at a destination was consistently associated with the distances respondents 

were prepared to travel, regardless of the type of facility i.e. beaches and rivers, parks 

and ovals, or formal recreational facilities. Those who participated in vigorous physical 

activity generally travelled further than non-vigorous exercisers to use the same type of 

destination (i.e. to use parks and ovals, and beaches and rivers). Moreover, travel 

distances decreased as a function of the number of destinations available within the 

respondent’s neighbourhood, regardless of the type of destination examined. Younger 

adults, those with a higher income and those from socioeconomically disadvantaged 

areas also tended to travel further to use recreational physical activity destinations.  

 

Travel to, and the use of, destinations is an antecedent to physical activity participation 

because most physical activities are undertaken in places outside the home (Bull et al. 

2000). However, the purpose for using a destination (i.e. type of physical activity 

behaviour) may also influence the distance individuals are willing to travel. We found 

that the type physical activity behaviour undertaken had a differential influence on the 

distances travelled to the same type of destination. This suggests that the purpose for 

which a recreational destination is used (i.e. for walking, vigorous, moderate, other 

activity and multiple activities) may influence preparedness to travel, more so than the 

type of destination. For example, in this study, respondents travelled further to use 

beaches and rivers and parks or ovals for vigorous activity than they did for walking. 

Noteworthy, is that distances travelled to beaches and rivers, and parks and ovals for 

walking are further than what is considered a walkable distance (Giles-Corti et al. 

2005b). While these destinations are used for recreational walking, modes of transport 

other than walking are likely to have been used to reach destinations further away. 

These results are consistent with an early recreational study which found that the type of 

recreational behaviour influenced distances travelled to the same destination types 

(Lentek et al. 1969).  

 

From a physical environment point of view, certain destinations may be more attractive 

for specific types of activity (Mercer 1981), and similar types of destinations (i.e. all 

parks, all beaches, and all formal recreational facilities) may not be equally appealing 
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for different types of physical activities (Lentek et al. 1969). For example, similar types 

of destinations may differ in terms of their facilities and the number and quality of the 

attributes that make them attractive to users (Giles-Corti et al. 2005a).  They may 

therefore attract different user groups. Our results suggest that individuals may seek out 

specific destinations, with attributes (e.g. parks for team sports, parks for running or 

cycling) that match their preferred type of physical activity  

 

Although not reported, respondents who used destinations in this study had many 

destinations closer to their home than those they actually used:  parks or ovals (mean = 

2797 ± 2866 metres), beaches (mean = 5139 ± 4432 metres), rivers (mean = 2254 ± 

1875 metres), and formal recreational destinations (mean = 2448 ± 1696 metres). Urban 

sprawl and the segregation of land uses have contributed to greater distances between 

homes and recreational destinations (Ross 2000; Frank et al. 2003) and thus, increased 

travel distances. However, because of personal preferences, individuals may access 

recreational destinations further from home.  Preferences may vary for certain activities 

or facilities, knowledge of alternative destinations, constraining factors, or because 

destinations are accessed while undertaking other errands (e.g. on the way to or from 

work) (Garling & Golledge 1989). This finding is similar to those of Sallis et al. (1990) 

who found that many people perceived less proximate destinations to be more 

convenient.   

 

The types of local recreational destinations offered may also restrict the choice of 

physical activity options available to an individual. In Perth, regional and district parks 

include a wider range of facilities (i.e. include field markings, goal posts, larger play 

areas, long continuous paths) catering to a broader range of physical activities, including 

those that are vigorous (i.e. team sports, cycling, running). Neighbourhood parks, on the 

other hand, are smaller and have fewer facilities (i.e. playgrounds) - catering to fewer 

types of physical activity (i.e. walking, children’s play). Moreover, local neighbourhood 

parks and ovals generally only attract users from local surrounding areas (Boyle 1983; 

The Government of Western Australia 2000), whereas regional and district parks and 

ovals attract patrons from a larger hinterland.    

 

The distribution of destinations is important for encouraging and maintaining behaviour 

and frequency of use (Golledge & Stimson 1997). Our study showed that the greater the 

density of recreational destinations located within 1600 metres of a respondent’s home 
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the shorter the distances travelled to use a recreational destination. Consistent with other 

travel behaviour research (Handy 1993), this suggests that the more destination options 

available, the more likely at least one will be used. For example, higher levels of 

commercial accessibility are associated with shorter trips to shopping destinations 

(Handy 1993). Thus, it is possible that good access to a mix of nearby recreational 

opportunities, raises awareness about recreational opportunities, increases the likelihood 

of using and decreases the travel time needed to reach destinations (Corti et al. 1996) - 

providing more time to achieve higher levels of physical activity participation.   

 

Contrary to expectations, compared with non-club members, club members used formal 

recreational facilities that were closer to home, but used parks and ovals that were 

located farther away. Members of recreational facilities such as gymnasiums or health 

clubs may be regular users of these facilities and may join conveniently located 

facilities closer to home. However, club members that were team sport players need to 

travel further to parks and oval used for fixtures that might vary weekly. The regional 

nature of formal and informal recreational facilities that cater for team sports such as 

large multi-purpose sports centres and ovals ensures that there is a greater spatial spread 

across communities. This finding is supported by Lobo (1988) who reported that people 

travel further than their local neighbourhoods to use indoor sports and tennis facilities. 

Moreover, as our group reported previously (Giles-Corti & Donovan 2002a) use of 

some facilities (e.g. sporting and recreational centres, and gyms/health clubs and 

exercise centres) appears to be less sensitive to distance than use of other types of 

facilities such as  public open space, rivers, tennis courts and beaches.   

 

Our study found that distances travelled from respondent’s homes to beaches and rivers 

decreased with advancing age. Older adults generally travel shorter distances and make 

fewer trips compared with younger adults (Pucher & Renne 2003). One explanation for 

our finding is that physical activities undertaken by younger adults at beaches and rivers 

differ to those activities undertaken by older adults. For example, younger adults are 

more likely than older adults to undertake vigorous-intensity physical activity (Sallis & 

Owen 1999) and those who do vigorous activity, are more likely to use the beach or 

river for these activities. Moreover, surfing activities which are popular in Perth, are 

more prevalent among younger compared with older adults (Australian Bureau of 

Statistics 2002) but require surf conditions that only are available at certain beaches (i.e. 

the closest beach may not provide the best conditions) which increases distances 
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travelled. The desire to socialize at the beach also might explain age-related differences 

in distances travelled to beaches and rivers for physical activity. Indeed, Hecock (1970) 

found that teenagers and college students were attracted to beaches where there were 

close social and physical proximity to people of a similar age. 

 

Respondents from disadvantaged areas were less likely to use the beach or river, 

moreover they travelled considerably further do so compared with those residing in 

advantaged areas. Previous research has found that the availability of local recreational 

facilities to be lower among residents of socioeconomic disadvantaged areas 

(Estabrooks et al. 2003). Relative to advantaged areas, disadvantaged areas in the Perth 

metropolitan area are generally located further from beaches and rivers. Moreover, the 

distances presented in this paper are likely to underestimate the distances travelled by 

people from low SES areas because many low socioeconomic areas in Perth are situated 

outside the inland boundary SEID1 study area (see Giles-Corti & Donovan 2002a for 

more details). Thus, travel distance, cost, and the time involved are likely to be 

significant barriers to using a beach or river for physical activity for residents of 

disadvantaged areas. The prevalence of beach or river use was only slightly lower in 

respondents living in disadvantaged compared with advantaged areas (36.2 percent 

versus 42.5 percent). However, extensive travel distances to free and natural facilities is 

likely to reduce frequent use because of the cost and inconvenience (Wolch & Zhang 

2004). This is important, because overall levels of physical activity appear to be higher 

among residents residing in coastal compared with inland postal code districts (Bauman 

et al. 1999).  

 

Issues concerning definitions of how to define “neighbourhood” in physical activity 

research have been raised (Giles-Corti et al. 2005b). Physical activity research 

undertaken to date has defined neighbourhood boundaries as geographical areas of 400 

to 1000 metres from respondent’s homes representing the distance individuals are likely 

or willing to walk (Pikora 2003; Frank et al. 2005; Hoehner et al. 2005). The observed 

travel distances in our study suggest that a significant proportion of destinations used 

for physical activity are located outside the local neighbourhood - supporting Ross’s 

(2000) claim that activities (including recreational activity) are no longer undertaken in 

local neighbourhoods. However, the reasons for using recreational destinations outside 

the local neighbourhood appear to be associated with several factors including the 

availability of local opportunities, demographic characteristics and the type of physical 
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activity to undertaken at the destinations. The neighbourhood was not the main locus for 

trips to the destinations examined in this study hence, our next step is to examine 

whether the location and type of destination used influences a person’s physical activity 

behaviour.  

 

Limitations 

 

The spatial distribution of homes, recreational destinations, and demographic groups are 

likely to differ between cities and hence influence generalizability. Thus, the findings 

from this study may not be transferable to other spatial settings or physical 

environments. Also noteworthy is that people may make decisions about whether to use 

a destination based on information other than proximity (Corti et al. 1996). For 

example,  reasons for using a trail have included it being a favourable environment, 

convenient location, safe place to exercise, paved road, presence of mile markers, and 

freedom from motorized transportation (Neff et al. 2000).  

 

This study was limited to examining distance data, however, the quality of recreational 

destinations might be more important than proximity in some instances (Corti et al. 

1996; Giles-Corti et al. 2005a). The cross-sectional data in this study means that 

causality cannot be determined. Importantly, our results indicate the purpose (i.e. the 

physical activity behaviour) for using a destination interacts with the type of destination 

and its attractiveness, as a determinant of travel distances. It is also plausible that the 

distance people travel to destinations determines the types of behaviour undertaken. For 

example, individuals might combine several activities at a destination, which involved a 

longer trip (e.g. jogging and swimming at the same beach during the same visit). It is 

also acknowledged that the categorization of specific activity types into intensity levels 

may have attenuated associations examined between physical activity and the three 

locations. However, the current sample size did not allow for more fined-grained 

analysis involving specific destinations (e.g. swimming pool, tennis courts, squash 

courts) and specific physical activities (e.g. swimming, tennis, squash) to be examined. 

In addition, the analysis focuses on participation in a particular intensity of activity – 

ignoring frequency and duration. Hence, the results provide information about how 

participation in certain intensities of physical activity are associated with travel distance 

to recreational destinations, but they do not provide information about whether dose of 

physical activity is associated with travel distance. Despite these limitations the 
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strengths of this paper were the use of an established travel behaviour model to examine 

associations, the inclusion of trip purpose as an independent variable (i.e. physical 

activity behaviour), and the examination of distances travelled to specific types of 

recreational destinations.  

 

Another limitation of this study is the age of the data (i.e. collected in 1995) and the 

extent to which these findings could be generalized to present day.  Locations of 

destinations in established neighbourhoods - from which these data were derived - are 

likely to be more stable than destinations located in newly developed neighbourhoods. 

Moreover, established neighbourhoods (and immediate surrounding neighbourhoods) 

are likely to offer more recreational destination options, than newly established 

neighbourhoods. In addition, physical activity behaviours and individual level 

determinants of adults in Australia have not changed dramatically in the last decade. 

Hence, we posit that the distances travelled to recreational destinations would be similar 

to those found in this study, should respondents in the same established neighbourhoods 

be surveyed again.  

 

CONCLUSION 

 
Spatial opportunity, destination type, trip purpose, and socio-demographic 

characteristics influence distances travelled to recreational destinations. Evidence from 

physical activity research shows that local neighbourhood parks, trails, cycle paths, 

greenways, and beaches are visited more frequently than those located further away 

(Furuseth & Altman 1991; Wolch & Zhang 2004; Hoehner et al. 2005). Therefore, it is 

important to know how the availability of local destinations influences frequency of use 

and how frequency of use influences physical activity behaviour. Furthermore, simply 

adding more recreational facilities to neighbourhoods without considering other built 

environmental factors (i.e. population density, connectivity) and the possible trade-offs 

(e.g. potential loss and fragmentation of residential land), may not have the desired 

affect on travel or physical activity behaviour. Hence, more information about the 

interactions between the built environment, spatial behaviour and physical activity 

behaviour are necessary for developing neighbourhoods that encourage more physical 

activity participation.   
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CHAPTER 5 
 

THE RELATIONSHIP BETWEEN DESTINATION 

PROXIMITY, DESTINATION MIX AND PHYSICAL 

ACTIVITY BEHAVIOURS6  
 

ABSTRACT 

 
The presence and mix of destinations is an important aspect of the built environment 

that may encourage or discourage physical activity participation. This study examined 

the association between the proximity and mix of neighbourhood destinations and 

physical activity behaviours. Secondary analysis was undertaken on physical activity 

data from Western Australian adults (n = 1394). These data were linked with 

geographical information systems (GIS) data including the presence and the mix of 

destinations located within 400 and 1500 metres (m) from respondents homes. 

Associations with walking for transport and recreation and vigorous physical activity 

were examined. Access to post boxes, bus stops, convenience stores, newsagencies, 

shopping malls, and transit stations within 400 metres (OR = 1.63 to 5.00) and schools, 

transit stations, newsagencies, convenience stores and shopping malls within 1500 

metres (OR = 1.75 to 2.38) were associated with participation in regular transport-

related walking. A dose-response relationship between the mix of destinations and 

walking for transport was also found. Each additional destination within 400 and 1500 

metres resulted in an additional 12 and 11 minutes per fortnight spent walking for 

transport, respectively. Proximity and mix of destinations appears strongly associated 

with walking for transport, but not walking for recreation or vigorous activity. 

Increasing the diversity of destinations may contribute to adults doing more transport-

related walking and achieving recommended levels of physical activity.   

 
BACKGROUND 

 

The built environment provides opportunities and barriers to physical activity 

participation (Humpel et al. 2002; Saelens et al. 2003b; McCormack et al. 2004; Owen 

                                                 
6 This chapter has been accepted for publication: McCormack, G. R., Giles-Corti, B., Bulsara, M. (in 
press). The relationship between destination proximity, destination mix, and physical activity behaviours. 
Preventive Medicine. 
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et al. 2004). Land development patterns and urban sprawl in particular have resulted in 

increased distances between homes and destinations, lower density suburbs, and 

disconnected street patterns. These environmental features result in fewer transport-

related walking trips, fewer recreational walking trips and less recreational physical 

activity (Frank & Engelke 2001; Frank et al. 2003).  

 

Studies have found associations between proximity of destinations and physical activity 

participation. For example, high levels of spatial access to attractive public open space 

and to the beach appear to be positively associated with both walking for recreation and 

walking for transport (Giles-Corti & Donovan 2002b; Giles-Corti & Donovan 2003) 

while poor spatial access to built recreational facilities appears to decrease participation 

in physical activity (Giles-Corti & Donovan 2002a). Transport-related walking is also 

negatively associated with distance to community rail-trails (Troped et al. 2003). 

Exercise-related walking within the neighbourhood (Humpel et al. 2004a) and overall 

levels of physical activity (Bauman et al. 1999) are found to be higher among residents 

living in coastal compared with inland postal code districts. Moreover, positive 

associations between land use mix, density of local destinations and physical activity 

behaviours have also been found (Sallis et al. 1990 ; Handy 1996; Hoehner et al. 2005). 

 

Of particular importance in studies examining the relationship between land use and 

physical activity is the definition of a ‘walkable’ distance. Generally, walkable distances 

have ranged from 90 metres to one kilometre (Sallis et al. 1990 ; Cervero & Radisch 

1996; Pikora 2003; Frank 2004; Hoehner et al. 2005) or a 10 to 15 minute walk from 

home (Saelens et al. 2003a). Aultman-Hall et al. (1997) suggest that 400 metres is 

considered the greatest distance a transit walker is likely to walk to a transit station. 

Recent Western Australian Liveable Neighbourhood Guidelines, that promote 

development of destinations within a walkable distance of 400 to 450 metres reflect this 

suggestion (The Government of Western Australia 2000).  

 

To date, distances to recreational and transport-related destinations have been shown to 

influence their use and physical activity behaviour. However, the associations between 

specific physical activity behaviours and road network distance from home to specific 

destinations have not been examined. This study involved the secondary analyses of 

data collected as part of the Study of Environmental and Individual Determinants of 

Physical Activity  (SEID1) (Giles-Corti & Donovan 2002a). The aims of this study 
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were: (1) to examine the association between walking for transport, walking for 

recreation, and vigorous physical activity and the presence of specific destinations 

within 400 and 1500 metres of respondent’s homes; and (2) to examine the association 

between the same physical activity behaviours and the mix of destinations located 

within 400 and 1500 metres of respondent’s homes. 

 

METHODS 

 
Sample 

 

SEID1 involved a cross-section of adults aged 18 to 59 years (n = 1803) from a 408 

kilometre2 area of Perth, Western Australia (Giles-Corti & Donovan 2002a). Data 

collection commenced in late spring 1995 and took five months to complete. It involved 

face-to-face interviews in the respondents’ homes with a follow-up telephone survey (n 

= 1474) undertaken two to four weeks later. Respondents were recruited from 

households located in 277 collectors’ districts (CCD) from the 80th (137 CCDs and n = 

929) and 20th (140 CCDs and n = 874) percentiles of social disadvantage. The 

recruitment of the first household within each CCD was determined by overlaying a 

network grid onto a CCD map, and using random numbers to select a starting point. The 

recruitment of households thereafter was based on a skip interval that provided each 

household located within a CCD an equal chance of being selected. One respondent per 

household was randomly selected. The response rates for the baseline and follow-up 

surveys were 52.9 percent and 81.8 percent, respectively. This study only includes data 

from those who participated in both surveys. The University of Western Australia 

Human Rights Committee granted ethics approval. 

 

Dependent variables 

 

Physical activity: In the baseline and follow-up survey respondents reported their 

frequency and duration of walking for recreation, walking for transport, and vigorous 

physical activity, in the past two weeks. The physical activity items are reliable and 

valid in the Australian context (Booth et al. 1996b; Australian Institute for Health and 

Welfare 2003). Specifically, these items have shown acceptable test-retest reliability 

(Intraclass correlations = 0.40 to 0.68).  
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To capture habitual physical activity behaviour data from both surveys were used. Two 

physical activity outcome variables, each for walking for recreation, walking for 

transport and vigorous physical activity were derived. Firstly, a trichotomous outcome 

variable was developed for each activity that included inactivity (i.e. no activity 

reported at either the baseline or follow-up survey), irregular participation (i.e. activity 

reported at only one survey), and regular participation (i.e. activity reported at both 

surveys), regardless of frequency or time spent participating. Secondly, among regular 

and irregular active respondents, a continuous outcome variable was developed for each 

activity of average time per fortnight spent participating in the activity. This was 

calculated using reported time from both surveys (i.e. duration at baseline plus duration 

at follow-up divided by two). 

 

Independent variables 

 

Destinations present: Destination data were determined using GIS, with street address 

information derived from the Yellow Pages Telephone Directory, the White Pages 

Telephone Directory, the Australian postal service (Australia Post), the Western 

Australian Department of Transport, and the Western Australian Ministry of Planning. 

The shortest road network distance to utilitarian trip-related (n = 8) and recreational (n = 

3) destinations including: shops; post boxes; convenience stores; newsagents; schools; 

bus stops, transit stations, parks, the river, and beaches within the Perth metropolitan 

area was used. For each destination, two variables were derived 1) destination present 

within 400 metres of home and 2) destination present within 1500 metres of home. The 

parking lots of beaches and rivers were used to identify the presence of these 

destinations. These variables reflect the distances that an average adult could walk to in 

five-minutes and 15-minutes, respectively (i.e. ~ 6 kilometres per hour).  

 

Destination mix: Three calculated cumulative opportunity measures represented 

destination mix (Guy 1983; Handy & Neimeier 1997; Handy 2001). The first measure 

included a total count of different types of destinations within 400 and 1500 metres of 

the respondent’s home. The second and third measures included the total count of 

recreational destinations (i.e. park, beach, river) and utilitarian destinations (i.e. shop, 

post box, convenience store, newsagent, school, bus stop, transit station), respectively, 

located within 400 and 1500 metres of the respondent’s home. If the destination was 
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present in the buffer (e.g. a school located within 400 metres of home), a score of one 

was given, and if the destination was absent then a score of zero was given. 

 

Covariates: Covariates included gender, age (i.e. 18 to 29, 30 to 39, 40 to 49, or 50 to 

59 years), education (i.e. <high school, completed high school or trade certificate, other 

certificate or diploma, or tertiary), number of dependent children <18 years (i.e. none, 

one, or two or more), stratification by area level social disadvantage (i.e. highest and 

lowest disadvantage), and body mass index (i.e. underweight <18.5 kilograms per 

metre2, acceptable weight = 18.5 to 24.9 kilograms per metre2, overweight = 25.0 to 

29.9 kilograms per metre2, or obese ≥30 kilograms per metre2). Area level social 

disadvantage is based on the Socio-Economic Index for Areas (SEIFA) calculated by 

the Australian Bureau of Statistics. The index reflects aggregate levels of income, 

education and employment at the census district level (Australian Bureau of Statistics 

2003).  

 

Statistical analyses 

 

The study design resulted in clustering at the CCD level. Hence generalised estimating 

equations (GEE) were used for binary physical activity outcome variables and 

generalised linear mixed models (GLMM) used for the continuous physical activity 

outcome variables (i.e. average minutes of physical activity in the past fortnight). 

Adjusted odds ratios (OR) and 95 percent confidence intervals (95% CI) were 

calculated using GEE, to examine the influence of each destination on the binary 

outcome variables. Adjusted ORs were also calculated to examine the linear relationship 

between the three land use mix variables and regular physical activity. The odds ratios 

were modelled for regular versus inactive and for irregular versus inactive respondents 

for all physical activity outcomes. The linear relationship between the mix of all 

destinations, utilitarian and recreational destinations and the average duration spent per 

fortnight participating in each of the physical activity behaviours was examined using 

GLMM.  

 

Only respondents with complete physical activity and demographic data were included 

in the analysis (n = 1394). Consistent with other Australian surveys (Armstrong et al. 

2000; Bull et al. 2000) and recommendations (Australian Institute for Health and 

Welfare 2003), minutes of physical activity was truncated at 1680 minutes. Using SAS 
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(9.1), all analyses adjusted for the covariates and p-values <0.05 were considered 

statistically significant.  

 

RESULTS 

 

Demographics 

 

The sample consisted of more women (68.7 percent) than men, and more respondents 

with no dependent children younger than 18 years (51.2 percent) than those with 

younger children (see Table 8). The majority of respondents had acceptable weight 

(52.1 percent). Over one-half of respondents walked for transport (regular = 40.0 

percent and irregular = 28.3 percent), walked for recreation (regular = 43.5 percent and 

irregular = 27.7 percent), or participated in vigorous physical activity (regular = 35.3 

percent and irregular = 22.3 percent). Based on responses to both surveys, the mean 

fortnightly duration walking for transport was 140.05 ± 176.96 minutes, walking for 

recreation was 207.44 ± 224.69 minutes and vigorous physical activity was 297.17 ± 

294.19 minutes. Minutes of walking for recreation, walking for transport and vigorous 

physical activity were significantly higher among regular compared with irregular 

participators (p <0.01).  

 

Distance to destinations 

 

A high proportion of respondents lived within 400 metres of a bus stop (79.3 percent) or 

post box (41.7 percent) (Table 9). Few homes were within 400 metres of a beach (0.4 

percent) or river (0.6 percent). All or most respondents lived within 1500 metres of a 

bus stop (100 percent) a park (99.1 percent) or a post box (99.1 percent). Because too 

few respondents lived within 400 metres of beaches and rivers and too many within 

1500 metres of bus stops and post boxes, Odds ratios for each destination could not be 

calculated. 
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Table 8. Descriptive statistics for demographic characteristics and physical activity 

variables 

 

 N Percent Mean (SD) 
Gender    

Men 436 31.3  
Women 958 68.7  

Age in years    
18 to 29 355 25.5  
30 to 39 394 28.3  
40 to 49 386 27.7  
50 to 59 259 18.6  

Education    
Less than high school 293 21.0  
High school or trade certificate 406 29.1  
Other certificate or diploma 307 22.0  
Tertiary qualification 388 27.8  

Body mass index1    
Underweight 182 13.1  
Acceptable 726 52.1  
Overweight 341 24.5  
Obese 129 9.2  

Children <18 years    
None 714 51.2  
One 233 16.7  
Two or more 447 32.1  

Socioeconomic status    
Advantaged 719 51.6  
Disadvantaged 675 48.4  

Walked for transport    
Regular 558 40.0 190.68 (196.29)2,3 
Irregular 394 28.3  68.35 (111.25)2, 3 
None 442 31.7  

Walked for recreation    
Regular 607 43.5 297.40 (240.04)2,3 
Irregular 386 27.7   94.30 (135.61)2,3 

None 401 28.8  
Vigorous activity    

Regular 492 35.3 407.45 (317.10)2,3 
Irregular 311 22.3 122.69(121.64)2,.3 
None 591 42.4  

None = no physical activity reported at either survey; Irregular = physical activity reported at 
either survey but not both; Regular = physical activity reported at both surveys; 1 Respondents  
(n = 16) with missing BMI data not shown but included in analysis ; 2 Minutes per fortnight;  
3Regular significantly more minutes than irregular participants (p <0.01).  
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Table 9. Descriptive statistics for destination variables 

 

 
Destination 

Respondents with 
destination data 

(n) 

Respondents with 
destination within  

400 metres (%) 

Respondents with 
destination within 
1500 metres (%) 

Beach 1394 0.4 7.5 
Park 1394 22.2 99.1 
River 1391 0.6 7.8 
School 1391 7.4 61.3 
Post box 1380 41.7 99.1 
Bus stop 1284 79.3 100.0 
Transit station 1391 1.5 30.8 
Convenience store 1391 22.7 74.4 
Newsagent 1391 13.2 63.8 
Shopping mall 1394 8.6 82.6 
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After adjustment, residing within 400 metres of a convenience store (OR = 1.63, 95% 

CI = 1.12-2.37), bus stop (OR = 1.66, 95% CI = 1.17-2.37), post box (OR = 2.26, 95% 

CI = 1.68-3.05), shopping mall (OR = 2.90, 95% CI = 1.80-4.68), newsagent (OR = 

3.09, 95% CI = 1.92-4.94) or transit station (OR = 5.00, 95% CI = 1.18-21.25) was 

significantly associated with regular walking for transport (see Table 10). Residing 

within 400 metres of a convenience store (OR = 1.48, 95% CI = 1.00-2.20), bus stop 

(OR = 1.51, 95% CI = 1.06-2.15), post box (OR = 1.60, 95% CI = 1.18-2.19) or 

shopping mall (OR = 2.20, 95% CI = 1.15-4.18) was also significantly associated with 

irregular walking for transport. In addition residing within 400 metres of a shopping 

mall was associated with participation in irregular (OR = 1.86, 95% CI = 1.08-3.21), but 

not regular, walking for recreation. No destinations located within 400 metres were 

found to be associated with regular vigorous physical activity.  

 

After adjusting for the covariates, residing within 1500 metres of destinations including 

schools (OR = 1.75, 95% CI = 1.28-2.39), convenience stores (OR = 1.89, 95% CI = 

1.26-2.84), shopping malls (OR = 2.07, 95% CI = 1.43-3.00), newsagents (OR = 2.20, 

95% CI = 1.60-3.03), and transit stations (OR = 2.38, 95% CI = 1.67-3.39) was 

significantly associated with regular walking for transport. Residing within 400 metres 

of a transit station (OR = 1.54, 95% CI = 1.11-2.14), newsagent (OR = 1.66, 95% CI = 

1.26-2.18) or convenience store (OR = 1.88, 95% CI = 1.37-2.56) was also associated 

with irregular walking for transport. Furthermore, having a transit station located within 

1500 metres was also positively associated with regular walking for recreation (OR = 

1.50, 95% CI = 1.09-2.05), while having a beach within 1500 metres was positively 

associated with irregular walking for recreation (OR = 1.97, 95% CI = 1.01-3.83) and 

regular vigorous physical activity (OR = 1.93, 95% CI = 1.20-3.13).  
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Table 10. Odds ratios1, 2 for the association between participating in regular and irregular walking for transport, walking for recreation, and 

vigorous physical activity and the location of destinations within 400 and 1500 metres from home 

 Walked for transport Walked for recreation Vigorous activity 
 Regular versus 

inactive 
Irregular versus 

inactive 
Regular versus 

inactive 
Irregular versus 

inactive 
Regular versus 

inactive 
Irregular versus 

inactive 
 OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

Beach       
Within 400 metres . . . . . . 
Within 1500 metres 0.76 (0.41-1.42) 0.86 (0.54-1.36) 1.48 (0.92-2.39) 1.97 (1.01-3.83)† 1.93 (1.20-3.13)‡ 1.20 (0.71-2.03) 

Park       
Within 400 metres 0.84 (0.61-1.17) 1.16 (0.82-1.64) 1.06 (0.75-1.50) 1.11 (0.79-1.56) 1.06 (0.77-1.48) 1.16 (0.84-1.59) 
Within 1500 metres . . . . . . 

River       
Within 400 metres . . . . . . 
Within 1500 metres 0.89 (0.52-1.55) 1.19 (0.68-2.07) 1.14 (0.68-1.91) 1.34 (0.78-2.29) 0.88 (0.51-1.55) 0.93 (0.54-1.58) 

School       
Within 400 metres 0.92 (0.57-1.47) 0.92 (0.57-1.49) 0.86 (0.54-1.36) 0.83 (0.52-1.33) 0.86 (0.52-1.42) 0.90 (0.57-1.42) 
Within 1500 metres 1.75 (1.28-2.39)§ 1.25 (0.92-1.71) 1.23 (0.91-1.65) 0.93 (0.68-1.27) 0.99 (0.75-1.31) 0.87 (0.65-1.18) 

Post box       
Within 400 metres 2.26 (1.68-3.05)§ 1.60 (1.18-2.19)‡ 1.05 (0.80-1.40) 0.99 (0.74-1.32) 1.09 (0.83-1.45) 1.11 (0.84-1.48) 
Within 1500 metres       

Bus stop       
Within 400 metres 1.66 (1.17-2.37)‡ 1.51 (1.06-2.15)† 1.18 (0.83-1.67) 0.94 (0.67-1.31) 1.24 (0.90-1.71) 1.33 (0.92-1.92) 
Within 1500 metres . . . . .  

Transit station       
Within 400 metres 5.00(1.18-21.25)† 3.58 (0.63-20.42) 1.47 (0.50-4.31) 1.08 (0.37-3.18) 0.93 (0.36-2.42) 1.87 (0.58-6.04) 
Within 1500 metres 2.38 (1.67-3.39)§ 1.54 (1.11-2.14)† 1.50 (1.09-2.05)† 1.30 (0.95-1.80) 0.99 (0.72-1.36) 1.13 (0.84-1.52) 

Convenience store       
Within 400 metres 1.63 (1.12-2.37)† 1.48 (1.00-2.20)† 0.97 (0.68-1.38) 1.01 (0.72-1.42) 0.95 (0.69-1.31) 1.09 (0.80-1.49) 
Within 1500 metres 1.89 (1.26-2.84)§ 1.88 (1.37-2.56)§ 1.32 (0.95-1.82) 1.39 (0.95-2.03) 0.94 (0.68-1.30) 1.22 (0.89-1.66) 

Newsagent       
Within 400 metres 3.09 (1.92-4.94)§ 1.57 (0.83-2.95) 1.12 (0.73-1.73) 1.22 (0.81-1.84) 1.47 (0.95-2.27) 1.12 (0.72-1.73) 
Within 1500 metres 2.20 (1.60-3.03)§ 1.66 (1.26-2.18)§ 1.31 (0.97-1.76) 1.14 (0.83-1.57) 1.10 (0.83-1.46) 1.00 (0.75-1.33) 

Shopping mall       
Within 400 metres 2.90 (1.80-4.68)§ 2.20 (1.15-4.18)† 1.58 (0.94-2.66) 1.86 (1.08-3.21)† 0.96 (0.61-1.53) 0.71 (0.44-1.18) 
Within 1500 metres 2.07 (1.43-3.00)§ 1.33 (0.99-1.79) 1.08 (0.77-1.50) 1.10 (0.76-4.58) 0.92 (0.66-1.29) 0.96 (0.70-1.33) 

1 Derived using generalised estimating equations; 2 Adjusted for gender, age, area level social disadvantage, education, number of children ≤18 years, and BMI; Some odds ratios not  
estimated due to low proportion of destinations within buffer; †p <0.05, ‡p <0.01, §p <0.001 
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Destination mix 
 
Destination mix was lower for the 400 metres buffer compared with the 1500 metres 

buffer, and for recreational compared with those for utilitarian destinations (Table 11). 

Given the small number of respondents (n = 9) with no recreational destination within 

1500 metres of their home, and because only three recreational destinations were 

examined in this study, the variable that included the count of recreation-related only 

destinations within 1500 metres was dichotomised into ‘≤1 recreational destination’ and 

‘≥2 recreational destinations’. Likewise, the majority of respondents had either ‘no 

recreational destination within 400 metres (n = 1077) or only ‘1 recreational destination 

within 400 metres hence the variable that included the count of recreation-related 

destinations only within 400 metres was dichotomised into ‘no recreational destinations’ 

and ‘≥1 recreational destinations’. All other destination mix variables remained 

unaltered. 

 

For each additional different type of destination (including both recreational and 

utilitarian destinations) within 400 and 1500 metres, the adjusted odds of regular 

walking for transport increased by 43 percent and 41 percent and the odds of irregular 

walking for transport increased by 27 percent and 23 percent, respectively (Table 11). 

For each additional type of destination located within 1500 metres the odds of regular 

walking for recreation increased by 16 percent (OR = 1.16, 95% CI = 1.06-1.27), while 

the odds of irregular walking increased by 12 percent (OR = 1.12, 95% CI = 1.01-1.26). 

Residing within 1500 metres of two or more different types of recreational destination 

was associated with irregular walking for recreation (OR = 1.70, 95% CI = 1.09-2.66). 

The odds increase in regular walking for transport was similar for every additional 

utilitarian destination located within 400 metres (OR = 1.52, 95% CI = 1.34-1.72) or 

within 1500 metres (OR = 1.49, 95% CI = 1.32-1.67). Similarly, the odds increase in 

irregular walking for transport was similar for each additional utilitarian destination 

located within 400 metres (OR = 1.30, 95% CI = 1.14-1.48) or within 1500 metres (OR 

= 1.26, 95% CI = 1.14-1.40). The mix of utilitarian destinations within 1500 metres was 

also positively associated with regular walking for recreation (OR = 1.17, 95% CI = 

1.05-1.29).  
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Table 11. Odds ratios1, 2 for the association between participating in regular versus irregular walking for transport, walking for recreation, 

and vigorous physical activity and number of different destinations located within 400 and 1500 metres from home 

 

 Walked for transport Walked for recreation Vigorous activity 

 
Regular versus 

inactive 
Irregular versus 

inactive 
Regular versus 

inactive 
Irregular versus 

inactive 
Regular versus 

inactive  
Irregular versus 

inactive 
Destination mix OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI) 

1.43 (1.27-1.61) § 1.27 (1.12-1.44) § 1.06 (0.94-1.19) 1.04 (0.94-1.16) 1.05 (0.94-1.17) 1.04 (0.94-1.16) Number of different types of recreational 
and utilitarian destinations within 400 
metres (range = 0 to 6)       

1.41 (1.26-1.58) § 1.23 (1.12-1.35) § 1.16 (1.06-1.27) ‡ 1.12 (1.01-1.26) † 1.03 (0.93-1.13) 1.00 (0.91-1.10) Number of different types of recreational 
and utilitarian destinations within 1500 
metres (range = 2 to 9)       

0.84 (0.60-1.16) 1.11 (0.79-1.55) 1.08 (0.76-1.52) 1.11 (0.79-1.56) 1.10 (0.80-1.53) 1.18 (0.86-1.62) Having one or more different types of 
recreational destinations within 400m3 
       

1.23 (0.78-1.92) 1.03 (0.68-1.55) 1.31 (0.90-1.91) 1.70 (1.09-2.66) † 1.31 (0.88-1.95) 1.04 (0.70-1.54) Having two or more different types of 
recreational destination within 1500m3 
       

1.52 (1.34-1.72) § 1.30 (1.14-1.48) § 1.06 (0.94-1.20) 1.04 (0.93-1.16) 1.05 (0.94-1.18) 1.04 (0.93-1.16) Number of different types of   utilitarian 
destinations within 400m4 
(range = 0 to 6)       

1.49 (1.32-1.67) § 1.26 (1.14-1.40) § 1.17 (1.05-1.29) ‡ 1.09 (0.97-1.22) 1.01 (0.92-1.12) 1.01 (0.91-1.11) Number of different type of   utilitarian 
destinations within 1500m4 
(range = 1 to 7)       
1 Derived using generalised estimating equations;  2 Adjusted for gender, age, area level social disadvantage, education, number of children ≤18 years, and BMI; 3 Includes parks, 
beaches, and rivers; 4 Includes convenience stores, newsagents, post boxes, bus stops, schools, shopping malls, and transit stations;   
†p <0.05, ‡p <0.01, §p <0.001 
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After adjustment, for every additional recreational and utilitarian destination within 400 

or 1500 metres, there was an 11.88 and 10.91 minute per fortnight increase respectively 

in transport related walking (Table 12). Furthermore, for each additional utilitarian 

destination within 1500 metres walking for transport increased by 9.61 minutes per 

fortnight. The association between mix of utilitarian destinations within 400 metres and 

minutes of walking for transport approached statistical significance (p = 0.06). For all 

behaviours, the beta coefficient increased from the 400 to 1500 metres buffer when the 

mix of utilitarian and recreational destinations were examined separately, but decreased 

when the mix of utilitarian and recreational destinations were combined. Destination 

mix was not associated with time spent walking for recreation or vigorous physical 

activity.  
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Table 12. Linear association1, 2 between average fortnightly minutes of walking for transport, walking for recreation, and vigorous physical 

activity and the mix of different destinations located within 400 and 1500 metres among those reporting physical activity participation3

 Walked for transport Walked for recreation Vigorous activity 
Destination β 95% CI β 95% CI β 95% CI 
Number of different types of 
recreational and utilitarian destinations 
within 400 metres 
 

11.88 2.90-20.86‡ -0.75 -12.19-10.71 -9.55 -26.36-7.66 

Number of different type of 
recreational and utilitarian destinations 
within 1500 metres 
 

10.91 2.11-19.69† 3.60 -6.47-13.67 1.16 -14.27-16.60 

Having one or more different types of 
recreational destinations within 400m4 
 

28.58 -1.6-55.50 -2.02 -34.87-30.83 0.24 -47.80-48.27 

Having two or more different types of 
recreational destination within 1500m4 
 

31.96 -2.55-66.48 -7.61 -46.98-31.75 17.06 -42.14-76.26 

Number of different types of   
utilitarian destinations within 400m5 
 

9.19 -0.20-18.59 -0.83 -12.76-11.10 -10.45 -28.03-7.12 

Number of different type of utilitarian 
destinations within 1500m5 
 

9.61 0.34-18.88† 4.75 -5.91-15.42 -0.09 -16.42-16.23 

1Derived using generalized linear mixed models; 2 Odds ratios adjusted for gender, age, area level social disadvantage, education, number of children ≤18 years, and BMI; 3 Minutes 
of physical activity for respondents reporting regular and irregular participation only; 4 Includes parks, beaches, and rivers; 5 Includes convenience stores, newsagents, post boxes, bus 
stops, schools, shopping malls, and transit stations; †p  <0.05, ‡p <0.01, §p <0.001 
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DISCUSSION 

 

The findings of this study suggest that the proximity and mix of some types of 

destinations within 400 and 1500 metres of people’s homes may be more influential 

than others for supporting different types of physical activity behaviours (i.e. behaviour 

specific). Transport-related walking appeared more influenced by the presence and mix 

of destinations compared with walking for recreation or vigorous physical activity. 

Positive associations between both the proximity of destinations and land use mix and 

transport-related walking have been found elsewhere (Handy & Clifton 2001; Hoehner 

et al. 2005). In the current study, the presence of convenience stores, newsagencies, and 

shopping centres were significant correlates of transport-related walking irrespective of 

network buffer size examined. Furthermore, we found few correlates of vigorous 

physical activity, which may be due to the limited number of relevant destinations 

included in these analyses. A limitation of this paper is that while beaches and parks can 

be used for vigorous physical activity, other destinations such as pools, gymnasiums, 

home, and the streets were not considered. Despite this limitation, a possible 

preliminary conclusion drawn from our results is that built environmental policy and 

practice should pay additional attention to the creation of proximal transport-related 

destinations in order to encourage physical activity participation.  

 

The dose-response relationship between the mix of destinations and walking for 

transport found in this study is supported elsewhere (Hoehner et al. 2005). From a 

public health perspective, an ideal situation might be that everyone participates in 

recommended levels of physical activity. However, encouraging sedentary individuals 

to become active is also likely to be beneficial. Our findings suggest that increasing the 

mix of utilitarian destinations in neighbourhoods could encourage otherwise sedentary 

individuals to walk for transport, while encouraging higher levels of transport-related 

physical activity among already active individuals. Each additional type of utilitarian 

destination in the neighbourhood was associated with approximately 10 minutes more 

transport-related walking per fortnight. Increasing the diversity of destinations should 

be considered highly important in the development of new neighbourhoods and for 

retrofitting of existing neighbourhoods. Future research should determine what mix of 

neighbourhood destinations is the most effective for encouraging physical activity and 

how the built environment might differentially influence sedentary and already active 

individuals. 
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Significant associations between the presence of destinations and walking for recreation 

or vigorous physical activity were limited. The presence of parks was not associated 

with either recreational walking or vigorous physical activity. Other studies have also 

reported a lack of association between parks and recreational walking and physical 

activity (Duncan & Mummery 2005; Hoehner et al. 2005). It is possible that for 

recreational walking the mere presence of destinations is insufficient. Giles-Corti et al. 

(2005a) found no association between a distance-only accessibility model for public 

open space however, higher levels of walking were evident when models included 

measures of attractiveness and size. Simple measures of land use such as proximity, 

destinations density, and cumulative opportunities ignore quality characteristics of 

destinations that may contribute to greater use of destinations and consequently, 

increased physical activity. Both proximity and the attractiveness of destinations need to 

be considered when designing environments supportive of physical activity.  

 

This study highlights technical issues that may need to be considered when deciding on 

the size of the neighbourhood buffer to be used. In this study examining associations 

between the beach, river, and transit stations within 400 metres of respondents’ homes 

and physical activity behaviours was inappropriate because: 1) scarcity of respondents 

who had access to these destinations within 400 metres, and; 2) the rarity of these 

destinations in the areas sampled. For these less common destinations, the 1500 metres 

buffer was more appropriate. Conversely, common destinations such as parks, post 

boxes and bus stops, the 1500 metres buffer was inappropriate because all or most 

respondents had access to at least one of these destinations, thereby reducing variability. 

Transport-related destinations are generally located closer than recreational destinations 

(Shriver 1997). Therefore, smaller buffers may be required for studies of transport-

related physical activity and larger buffers may be required for studies of recreational or 

exercise-related physical activity. Decisions about buffer size need to take into 

consideration the abundance or paucity of destinations and the specific physical activity 

behaviours of interest. 

 

Limitations 

 

This study has several limitations. While behaviour specific destinations were 

examined, the physical activity behaviours studied did not necessarily occur at these 
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destinations. Generally, mixed-use neighbourhoods have higher population densities 

and greater connectivity (Steiner 1994; Frank & Engelke 2001; Frank et al. 2003), 

however, no adjustment were made for these factors. Moreover, several destinations that 

may be important for transport-related physical activity were not included (i.e. cafés, 

offices, banks). The removal of respondents with missing data and the inclusion of 

respondents who participated in both baseline and follow-up surveys only limits the 

external validity of these results. Other limitations also include the cross-sectional study 

design, the use of self-reported data, no adjustment for multiple comparisons, and 

failure to control for neighbourhood self-selection. Despite these limitations, the 

findings provide important insight into how the design of the built environment could 

potentially increase physical activity levels.  

 

CONCLUSION 

 

Individuals generally report ‘lack of time’ and ‘motivation’ as barriers to participating 

in more recreational physical activity (Dishman & Sallis 1994; Sallis & Owen 1999). 

Reducing barriers to transport-related walking trips might be one strategy for ensuring 

that people incorporate the recommended levels of physical activity into daily activities 

(Frank et al. 2003). Our finding that transport-related destinations and the mix of 

destinations in local neighbourhoods are positively associated with transport-related 

walking provides some support for this strategy. More specifically, each type of 

destination located in a neighbourhood could increase the time spent walking for 

transport by approximately five minutes per week. The relationships between vigorous 

physical activity and walking for recreation and proximity destinations is unclear, with 

additional emphasis possibly required on the type and quality of destinations. The 

creation of supportive physical environments, including the development of destinations 

within walkable distances to homes may encourage more transport-related walking and 

help people achieve recommended levels of physical activity.  
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CHAPTER 6 
 

CORRELATES OF USING NEIGHBOURHOOD 

RECREATIONAL DESTINATIONS IN PHYSICALLY 

ACTIVE RESPONDENTS7 
 

ABSTRACT 

 

This study examines the relationships between the availability and use of recreational 

destinations, and physical activity. Analysis included 1355 respondents. Associations 

between the density of free and pay-for-use recreational destinations, demographics, and 

use of free and pay-for-use recreational destinations within the neighbourhood were 

examined, followed by associations with sufficient moderate and vigorous physical 

activity using Generalized Estimating Equations. The likelihood of using a local pay 

recreational destination increased for each additional local pay facility (OR = 1.51, 95% 

CI = 1.32-1.73) and was lower for those with motor vehicle access (OR = 0.51, 95% CI 

= 0.26-0.99). The likelihood of using a local free destination increased for each 

additional local free facility (OR = 1.12, 95% CI = 1.02-1.20) and was higher among 

women (OR = 1.64, 95% CI = 1.11-2.44). Destination use was associated with both 

moderate and vigorous physical activity. Increasing the density of neighbourhood 

recreational destinations is associated with the use of facilities and participation in 

sufficient levels of physical activity.   

 

BACKGROUND 

 

Calls to create environments supportive of health (World Health Organization 1986) 

have increased interest in examining associations between the built environment and 

physical activity behaviour. Moreover, the importance of the presence of recreational 

and utilitarian destinations and their influence on specific behaviours such as walking is 

receiving more attention in both the transport and public health literatures (Handy et al. 

2002; Humpel et al. 2002; Saelens et al. 2003b). There is evidence that both real and 

                                                 
7 This chapter has been accepted for publication: McCormack, G.R., Giles-Corti, B., Bulsara, M. (2007). 
Correlates of using neighborhood recreational destinations in physically active respondents. Journal of 
Physical Activity and Health, 4, 39-53 
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perceived neighbourhood opportunities are positively associated with physical activity 

behaviours, including the presence of recreational and transport-related destinations 

(Humpel et al. 2002; McCormack et al. 2004; Owen et al. 2004).  

 

The location of recreational facilities and opportunities surrounding an individual’s 

home influences the use of those facilities and can affect the pattern of activities, 

including physical activity behaviour (Golledge & Stimson 1997; Frank et al. 2003).  

One ecological study found that simply building a new leisure facility appeared to 

increase physical activity participation (Roberts et al. 1989). Nearly one-quarter of 

Western Australian adults report using recreational facilities within walking distance 

(Australian Bureau of Statistics 1999) or within one kilometre of their home (Socialdata 

Australia 2000). There is some evidence, that the use of walking-related recreational 

destinations, such as public open space (Giles-Corti et al. 2005a; Hoehner et al. 2005), 

and trails (Troped et al. 2001; Hoehner et al. 2005) are particularly sensitive to their 

proximity to user’s homes. 

  

People participate more frequently in activities that are located closer to home 

(Golledge & Stimson 1997). Evidence from physical activity research shows that local 

parks, trails, cycle paths, greenways, and beaches are visited more frequently than those 

located further away (Furuseth & Altman 1991; Moore & Graefe 1994; Giles-Corti & 

Donovan 2002a; Merom et al. 2003; Wolch & Zhang 2004; Hoehner et al. 2005). There 

is also some evidence that higher levels of physical activity participation are associated 

with the use of more recreational facilities (Deshpande et al. 2005). Frequent use of 

local recreational destinations could increase physical activity participation. Hence, 

increasing availability and encouraging the use of local recreational destinations may be 

one strategy for creating supportive environments for physical activity behaviour. 

 

Hence, this paper examines the relationship between the use of local recreational 

facilities and physical activity behaviour. The secondary analysis had two specific 

objectives. First, to examine whether the use of a free or pay-for-use recreational 

destination located within or outside of the neighbourhood was associated with the 

spatial distribution of free and pay recreational opportunities in the neighbourhood, and 

demographic characteristics. Second, to examine whether the use of a free or pay-for-

use recreational destination located within or outside the neighbourhood was associated 
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with the achievement of sufficient levels of moderate and vigorous-intensity physical 

activity.  

 

METHODS 

 

Secondary analysis was conducted of data from the Study of Environmental and 

Individual Determinants of Physical Activity (SEID1). Full details about SEID1 are 

presented elsewhere (Giles-Corti & Donovan 2002b). The SEID1 was designed to 

examine the relationship between social disadvantage, the physical environment and 

recreational physical activity and included a cross-section of adults aged 18 to 59 years 

from a 408 kilometre2 area of Perth, Western Australia (Giles-Corti & Donovan 2002b). 

Households were randomly sampled from 277 census collectors’ districts8 (CCD) from 

the top (137 CCDs) and bottom (140 CCDs) percentiles of social disadvantage. One 

person from each household who met the selection criteria participated in a face-to-face 

interview in the respondent’s home. Where more than one person per household met the 

selection criteria, an interview was requested with the person whose birthday fell closest 

to the day of the interview. Of those who were eligible (n = 3438), 1819 respondents 

participated in the survey (response rate = 52.9 percent). However, sixteen respondents 

sampled from two CCDs located outside the study boundary were removed from the 

final sample (n = 1803). Data collection commenced in late spring 1995. The University 

of Western Australia Human Rights Committee granted ethics approval for this study. 

 

Respondents reported their physical activity behaviours in the previous two-weeks (i.e. 

walking for recreation, walking for transport, moderate-intensity, and vigorous-intensity 

activity), as well as cognitive, social, physical environmental, and demographic 

characteristics. They provided the name and address of recreational facilities used for 

physical activity in the previous two-weeks. Addresses for both respondents’ homes and 

recreational facilities used were geocoded using MapInfo (Mapping Information 

Systems Corporation 1992).  

 

ArcInfo (Environmental Systems Research Institute Inc 1994) was then used to 

undertake road network analysis to determine the shortest road network distance in 

metres from respondent’s homes to all (used and not used) recreational facilities 
                                                 
8 A census collector district is the smallest geographical area defined in the Australian Standard 
Geographical Classification by the Australian Bureau of Statistics and consists of approximately 225 
dwellings. 
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including parks, ovals, beaches, rivers, gymnasiums, health clubs, community halls, 

sports stadiums, tennis and squash facilities, aerobic centres, public pools, and golf 

courses within the study area (408 kilometre2). Distances to destinations located up to 

two kilometres outside the study area boundary were also determined. Information on 

whether the destinations were free-for-use or pay-for-use was also used for the current 

study.  

 

Use of recreational destinations 

 

Two variables were derived representing the type of destination (free or pay-for-use) 

used for physical activity and its location. For free-for-use destinations, the variable 

included the following three values:  1) no free-for-use destination used; 2) free-for-use 

destination used within the neighbourhood; and 3) free-for-use destination used outside 

the neighbourhood. Similar categories were created for pay-for-use destinations. 

 

Recreational destination opportunity 

 

Two recreational density measures were calculated to capture the level of 

neighbourhood recreational opportunities. Density measures have been used elsewhere 

(Sallis et al. 1990 ). The density measure included a simple count of 1) free-for-use 

recreational destinations (i.e. parks, beaches, rivers) and 2) pay-for-use recreational 

destinations (i.e. recreational centres, health clubs, swimming pools, sports complexes) 

within 1600 metres of the respondent’s home. The 1600 metre road network buffer 

reflected the respondents neighbourhood and the distance that the average adult could 

walk in approximately 15 minutes from their home (walking speed 6.4 kilometres per 

hour) (Giles-Corti et al. 2005b).  

 

Physical activity behaviour  

 

Given that the focus of this study was on the use of recreational destinations, only 

respondents who reported moderate and vigorous-intensity physical activity undertaken 

for recreational purposes were eligible for inclusion (i.e. transport-related walking was 

not included).  Respondents reported the amount of time spent in the past two weeks 

participating in: 1) walking for recreation, health or fitness; 2) moderate-intensity 

physical activity; and 3) vigorous-intensity physical activity. Physical activity (e.g. slow 
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swimming, casual cycling) that did not cause the respondent to puff or pant was 

considered moderate-intensity, while physical activity which caused the respondent to 

breathe harder or puff and pant (e.g. jogging, aerobics) was considered vigorous-

intensity. 

 

Current Australian physical activity guidelines recommend 30 minutes of moderate 

physical activity on five or more days per week, or 20 to 30 minutes of vigorous-

intensity physical activity on three or more days per week.(Commonwealth Department 

of Health Aged Care 1999) Recreational walking and moderate-intensity physical 

activity minutes were summated and then dichotomized - representing achievement of 

the moderate physical activity recommendations (i.e. sufficient moderate activity ≥300 

minutes per fortnight or insufficient <300 minutes per fortnight). Dichotomized minutes 

of vigorous-intensity reflected the vigorous physical activity recommendations (i.e. 

sufficient vigorous activity ≥180 minutes per fortnight or insufficient <180 minutes per 

fortnight). Respondents could be both sufficiently moderately active and sufficiently 

vigorously active however, in the analysis moderate and vigorous-intensity physical 

activity were examined separately. Data were not collected on minutes of physical 

activity per session but rather the total time in the past fortnight hence, the number of 

sessions was not used in our derived physical activity variables. Respondents reporting 

no moderate-intensity and no vigorous-intensity physical activity were excluded (n = 

178) from the analysis because associations between destination use and physical 

activity could not be determined. 

 

Survey respondent characteristics 

 

The analysis included four demographic characteristics:  gender; age (18 to 39 or 40 to 

59 years); annual household income in Australian dollars (<$35 000, $35 000 to 59 999, 

or ≥$60 000); and area level social disadvantage (i.e. advantaged or disadvantaged) 

(Australian Bureau of Statistics 2003). Area level social disadvantage reflected levels of 

income, occupation, education and employment calculated at the census collector 

district level (Australian Bureau of Statistics 2003).  

 

The categorization of age and income variables ensured sufficient group frequencies for 

comparisons. Membership to a sporting, exercise, or outdoor recreation group or club 

(club member or not a club member) and level of motor vehicle access (always have 
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access or some/no access) were also dichotomized. Respondents with incomplete 

demographic information (n = 270) were also excluded from these analyses. 

 

Statistical analysis 

 

Given the clustering of respondents within census collector districts (mean respondents 

per collector district = 5.00 ± 2.82, interquartile range 3 to 6), generalized estimating 

equations (GEE) was used to calculate adjusted odds ratios (OR) and 95 percent 

confidence intervals (95% CI). An  exchangeable working correlation matrix was 

specified for the GEE models (Kleinbaum & Klein 2002). An assumption made when 

specifying an exchangeable working correlation is that any two responses within the 

same cluster have the same correlation.  

 

Covariates included gender, age, income, area level socioeconomic status, club 

membership, motor vehicle access and the two recreational density variables. Outcome 

variables included destination use (i.e. a destination not used, destination used inside 

neighbourhood, or destination used outside neighbourhood) and physical activity 

behaviour (sufficient moderate and vigorous-intensity activity). Four separate models, 

each for pay and free-for-use destinations, were calculated. The first model examined 

correlates of using a neighbourhood recreational destination versus not using a 

recreational destination for physical activity. The second model examined the correlates 

of using a neighbourhood recreational destination versus using a destination located 

outside the neighbourhood. The third and fourth models examined the associations 

between the use of recreational destinations and achievement of sufficient moderate and 

vigorous-intensity physical activity, respectively. Descriptive statistics and GEE were 

conducted in SAS (version 9.1). P-values <0.05 were considered statistically significant. 

The final sample included 1355 respondents.  

 

RESULTS 

 

Following the removal of respondents participating in no moderate or vigorous-intensity 

physical activity (n = 178) and those with incomplete demographic data (n = 270), 1355 

respondents were included in the current analysis. Table 13 presents descriptive 

statistics for the eligible sample included in these analyses (n = 1355). The majority 

were women (65.4 percent), belonged to clubs (62.5 percent), always had access to a 
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motor vehicle (81.9 percent), had not used a pay (63 percent) or free (54 percent) 

destination and participated in insufficient levels of vigorous-intensity physical activity 

(61.8 percent). More respondents used pay and free destinations located outside their 

neighbourhood than within. The mean ± standard deviation of free and pay destinations 

located within 1600 metres of respondents’ homes was 5.44 ± 2.30 and 2.56 ± 1.82, 

respectively. In addition, 37.1 percent (n = 467) of respondents used neither a free nor a 

pay destination inside the neighbourhood and 10.2 percent (n = 126) of respondents 

used both a free and a pay destination inside the neighbourhood. 

 

Pay recreational destinations and destination use 

 

Correlates of using a pay destination within the neighbourhood (versus not using a pay 

destination at all) included the density of pay destinations (OR = 1.51, 95% CI = 1.31-

1.75) and club membership (OR = 6.83, 95% CI = 3.39-13.73) (Table 14). For each 

additional pay destination within the neighbourhood, the likelihood of using a pay 

destination for physical activity increased by 51 percent. Among those who used a 

destination, the density of pay-for-use destinations (OR = 1.51, 95% CI = 1.32-1.73) 

and always having access to a motor vehicle (OR = 0.51, 95% CI = 0.26-0.99) was 

associated with the use of a pay destination located within the neighbourhood. 
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Table 13. Frequencies for demographics, destination use, and physical activity 

behaviour 

 

Variable N Percent 

Gender    

Men 469 34.6 
Women 886 65.4 

Age in years   

18 to 39 726 53.6 
40 to 59 629 46.4 

Annual household income   

<$35 000 473 34.9 
$35 000 to 59 999 388 28.6 
≥$60 000 494 36.5 

Area level SES   

Advantaged 655 48.3 
Disadvantage 700 51.7 

Club member   

No 847 62.5 
Yes 508 37.5 

Motor vehicle access   

Sometimes or never 245 18.1 
Always 1110 81.9 

Pay destination usea   

None used 854 63.0 
Within neighbourhood only 59 4.4 
Outside neighbourhood only 415 30.6 

Free destination useb   

None used 732 54.0 
Within neighbourhood only 136 10.0 
Outside neighbourhood only 393 29.0 

Moderate-intensity activity   

Insufficient 733 54.1 
Sufficient 622 45.9 

Vigorous-intensity activity   

Insufficient 838 61.8 
Sufficient 517 38.2 

Neighbourhood opportunityc   

No. pay in neighbourhood  2.56 ± 1.82 
No. free in neighbourhood  5.44 ± 2.30 

a Missing = 27 and b missing = 94 used inside and outside of neighbourhood therefore not equal  
 to 100 percent; c mean and standard deviation  
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Pay recreational destinations and physical activity behaviour 

 

The use of pay destinations was not significantly associated with achieving sufficient 

moderate-intensity physical activity (Table 15). However, those who used a pay 

destination located within (OR = 6.55, 95% CI = 3.11-13.81) or outside (OR = 3.36, 

95% CI = 2.54-4.44) the neighbourhood were more likely that those who did not use a 

pay destination to achieve sufficient vigorous-intensity physical activity. These 

associations remained even after adjusting for the use of free destinations and the 

density of free destinations (OR = 8.46, 95% CI = 3.98-18.00 and OR = 3.48, 95% CI = 

2.59-4.66, respectively).  The density of pay recreational destinations in the 

neighbourhood was not associated with either physical behaviour.  

 

Free recreational destinations and destination use 

 

Using a free destination within the neighbourhood (versus not using a free destination at 

all) was positively associated with the density of free recreational destinations (OR = 

1.18, 95% CI = 1.06-1.31), but negatively associated with club membership (OR = 0.59, 

95% CI = 0.40-0.87) (Table 14). Similarly, in those who used a free destination, use of a 

free destination within the neighbourhood compared with outside the neighbourhood 

was associated with being a women (OR = 1.64, 95% CI = 1.11-2.44), and the density 

of free recreational destinations (OR = 1.15, 95% CI = 1.02-1.30), but negatively 

associated with belonging to a club (OR = 0.61, 95% CI = 0.39-0.97).  



 

 

 133 

Table 14. Odds ratios associated with the use of pay-for-use and free-for-use recreational destinations within and outside the neighbourhood 

 Pay-for-use recreational destinations Free-for-use recreational destinations 
 Destination used within 

neighbourhood versus no 
destination used 

(n = 913) 

Destination used within versus 
destination used outside 

neighbourhood  
(n = 1269) 

Destination used within 
neighbourhood versus no 

destination used 
(n = 868) 

Destination used within versus 
destination used outside 

neighbourhood 
(n = 1125) 

Variable OR 95% CI OR 95% CI OR 95% CI OR 95% CI 

Gender          

Men 1  1  1  1  
Women 1.42 0.72-2.82 1.08 0.56-2.08 1.27 0.86-1.89 1.64 1.11-2.44a 

Age in years         

18 to 39 1  1  1  1  
40 to 59 1.04 0.60-1.82 1.64 0.87-3.09 0.86 0.60-1.23 1.05 0.71-1.55 

Annual household income         

<$35 000 1  1  1  1  
$35 000 to 59 999 0.99 0.49-2.02 0.78 0.36-1.66 1.21 0.76-1.92 1.08 0.68-1.71 
≥$60 000 1.50 0.71-3.18 0.86 0.41-1.78 1.31 0.80-2.13 1.06 0.63-1.79 

Area level SES         

Advantaged 1  1  1  1  
Disadvantage 1.42 0.74-2.74 1.42 0.75-2.68 1.19 0.70-2.02 1.71 0.92-3.15 

Club member         

No 1  1  1  1  
Yes 6.83 3.39-13.73c 1.00 0.52-1.94 0.59 0.40-0.87b 0.61 0.39-0.97a 

Motor vehicle access         

Sometimes or never 1  1  1  1  
Always 0.59 0.31-1.10 0.51 0.26-0.99a 0.80 0.53-1.22 0.92 0.48-1.76 

Density of destinationsd         

No. of destinations in 
neighbourhood 

1.51 1.31-1.75c 1.51 1.32-1.73c 1.18 1.06-1.31b 1.15 1.02-1.30a 

ap <0.05 bp <0.01 cp <0.001; d Models of pay destination use included the density of pay destinations and models of free destination use included the density of free destinations only 
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Free recreational destinations and physical activity behaviour 

 

The density of free recreational opportunities in the neighbourhood was not associated 

with either sufficient vigorous or sufficient moderate-intensity physical activity (Table 

15). However, compared with those who did not use free recreational destinations, 

respondents who used free destinations located within the neighbourhood were more 

likely (OR = 1.52, 95% CI = 1.01-2.28) to participate in sufficient moderate-intensity 

physical activity. This association attenuated after adjustment for the use of pay 

recreational destinations and the density of pay recreational destinations.  

 

Respondents using free destinations within (OR = 1.50, 95% CI = 1.00-2.26) and 

outside (OR = 1.92, 95% CI = 1.45-2.55) the neighbourhood were more likely to 

achieve sufficient levels of vigorous-intensity physical activity than those not using a 

free recreational destination. The statistical significance of these associations increased 

after adjusting for the use of pay recreational destinations and the density of pay 

recreational destinations (OR = 1.56, 95% CI = 1.00-2.33 and OR = 2.13, 95% CI = 

1.56-2.89, respectively).  
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Table 15. Odds ratios showing the association between the use of local pay and free destinations, the density of destinations, and participation 

in sufficient moderate and vigorous-intensity physical activity 
 Moderate physical activity Vigorous physical activity 

 Sufficient  versus insufficient  Sufficient versus insufficient  

 ORd 95% CI OR e 95% CI ORd 95% CI OR e 95% CI 
Density of pay-for-use destinations         

No. of destinations in neighbourhood 0.99 0.93-1.05 0.96 0.95-1.05 0.97 0.91-1.04 0.96 0.88-1.04 
         
Use of a pay destination         

None used 1  1  1  1  
Within neighbourhood only 1.42 0.81-2.49 1.36 0.77-2.41 6.55 3.11-13.81c 8.46 3.98-18.00 c 
Outside neighbourhood only 1.02 0.77-1.35 1.05 0.79-1.41 3.36 2.54-4.44c 3.48 2.59-4.66 c 

         
Density of free-for-use destinations         

No. of destinations in neighbourhood 0.98 0.94-1.03 1.00 0.96-1.05 0.99 0.94-1.05 0.97 0.91-1.03 
         
Use of a free destination         

None used 1  1  1  1  
Within neighbourhood only 1.52 1.01-2.28a 1.46 0.96-2.22 1.50 1.00-2.26a 1.56 1.00-2.33 a 
Outside neighbourhood only 1.24 0.95-1.61 1.25 0.95-1.61 1.92 1.45-2.55c 2.13 1.56-2.89 c 

         
ap <0.05 bp <0.01 cp <0.001 
d Adjusted for gender, age, income, area level SES, and motor vehicle access (pay and free destination variables in separate models) 
e Adjusted for gender, age, income, area level SES, and motor vehicle access (pay and free destination variables in the same model) 
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DISCUSSION 

 

This paper examined the relationship between recreational destination use and physical 

activity behaviour in a sample of physically active participants. Demographic 

characteristics and density of neighbourhood recreational destinations were associated 

with the use of recreational destinations located within and outside the neighbourhood. 

Moreover, the use of recreational destinations increased the likelihood of achieving 

sufficient levels of moderate and vigorous-intensity physical activity in our sample of 

active participants. 

 

Strategies such as the creation and promotion of recreational destinations may 

encourage higher levels of use and physical activity participation in the general 

population (Flay 1986; Estabrooks et al. 2003). For example, Deshpande et al.(2005) 

found positive associations between the use parks, recreation centres, trails, schools, and 

health clubs and participation in regular physical activity. In our study, moderate and 

vigorous-intensity physical activity, and destination use were associated with the 

geographical location of free and pay-for-use recreational destinations. Respondents 

using pay-for-use destinations located within their neighbourhood were over six times 

more likely to participate in sufficient levels of vigorous-intensity physical activity, 

while those using pay-for-use destinations located outside their neighbourhood were 

over three times more likely to do so. These findings reaffirm other studies that have 

found positive associations between the proximity of recreational destinations and both 

their use and physical activity participation (Brownson et al. 2000; Troped et al. 2001; 

Troped et al. 2003; Giles-Corti et al. 2005a). 

 

Respondents were less likely to use a pay-for-use recreational destination located in the 

neighbourhood if they always had access to a motor vehicle. Having access to a motor 

vehicle increases mobility and therefore the potential choice of recreational destinations 

and opportunities available (Wachs & Kumagi 1973; Ross 2000). Respondents with 

high levels of motor vehicle access may have travelled further from home to find pay-

for-use recreational destinations that match their desires (i.e. types of activity, cost, and 

attractiveness). Moreover, respondents had, on average, less than three pay-for-use 

destinations available within their neighbourhood suggesting that travel outside the 

neighbourhood was required to find facilities that met personal preferences. In contrast, 

motor vehicle access was not associated with the use of free-for-use recreational 
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destinations, reflecting previous findings that free-for-use destinations need to be 

proximate to maximise their use by local residents (Giles-Corti & Donovan 2002a; 

Giles-Corti & Donovan 2002b; Giles-Corti et al. 2005a; Hoehner et al. 2005). The 

higher density of local free-for-use recreational destinations also reduces the necessity 

to drive and means that respondents with less mobility have access to a variety of local 

recreational destinations easily reached by walking or cycling.   

 

Belonging to a club was associated with the use of a neighbourhood pay-for-use 

recreational destination generally, but unrelated to their location within or outside the 

neighbourhood. This result suggests that factors other than proximity influences the use 

of these recreational destinations (Corti et al. 1996; Neff et al. 2000; Estabrooks et al. 

2003; Frank et al. 2003). Proximal destinations may not always be considered the most 

convenient (Sallis et al. 1990 ). Club loyalties and the social aspect of belonging to a 

club might be strong influences on individuals to overcoming the barrier of distance. 

 

Among women, proximity to free-for-use recreational destinations influenced the use of 

neighbourhood facilities, but not so for pay-for-use recreational destinations.  Women 

were more likely to use a free-for-use recreational destination located within rather than 

outside the neighbourhood.  Women who become parents decrease their participation in 

physical activity (Schmitz et al. 1999). Moreover, women are more likely than men to 

walk (Siegel et al. 1995) and therefore may be more likely to visit local free-for-use 

recreational facilities. Thus, women’s preference for walking (McCormack et al. 2003) 

combined with restricted mobility due to parenting may have contributed to women’s 

greater use of local free-for-use recreational destinations such as parks. Understanding 

gender-specific decisions about why certain recreational destinations are used instead of 

others may be useful for implementing strategies for encouraging greater use of 

destinations and increased participation in physical activity.  

 

The density of neighbourhood recreational opportunities appears important for 

encouraging the use of both free and pay-for-use recreational destinations. For each 

additional pay-for-use recreational destination located within their neighbourhood, 

respondents were more likely to use a pay-for-use recreational destination inside versus 

outside their neighbourhood. Similarly, for each additional free-for-use recreational 

destination located within their neighbourhood, respondents were more likely to use a 

free-for-use recreational destination inside versus outside their neighbourhood. 
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However, no association was found between neighbourhood opportunity and achieving 

recommended levels of either moderate or vigorous-intensity physical activity after 

adjusting for use of destinations. This is contrary to previous findings.  Positive 

relationships between the density of local destinations and participation in vigorous-

intensity (Sallis et al. 1990) and transport-related (Hoehner et al. 2005) physical activity 

have been found elsewhere. In particular, Sallis et al.(1990) found that the density of 

pay, but not free-for-use, destinations close to home were significantly higher among 

vigorous exercisers compared with non-exercisers, providing partial support for our 

findings. Differences in study methodologies may explain conflicting findings. 

However, our results suggest that while having more local recreational destinations 

encourages greater use of these local destinations, other factors may be involved in 

encouraging enough use to achieve sufficient levels of physical activity.  For public 

open space, other factors include public open space size and the presence of features 

that make it attractive. However, for pay-for-use destinations these factors may relate to 

pricing structures, the presence of encouraging staff or the social climate of the 

destination.  

 

The likelihood of participating in sufficient vigorous-intensity physical activity was 

higher among respondents using free-for-use recreational destinations located outside 

their neighbourhood than inside their neighbourhood. For most people, free recreational 

destinations used for or designed specifically for vigorous-intensity physical activity are 

more likely to be located outside local neighbourhoods (e.g. district or regional parks, 

beaches). For instance, district parks include facilities for vigorous activities such as 

sports, jogging, and cycling to be undertaken, while neighbourhood parks might provide 

children’s play equipment or a walking destination, but not necessarily cater specifically 

for other vigorous intensity activities including sport. Our finding that club members 

were more likely to use a free recreational destination outside rather than within their 

neighbourhood supports this view. Participation in sufficient levels of vigorous-

intensity physical activity confers additional health benefits (U.S. Department of Health 

and Human Services 1996; Swain & Franklin 2006). Providing free-for-use recreational 

facilities closer to homes that include facilities that increase greater participation in 

more vigorous as well as moderate-intensity activities is important.  

 

A positive aspect of this study was the inclusion of objective environmental data. 

Recreational destinations were geocoded, and the road network distance between 
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respondent’s homes and the destination estimated.  This enables assessment of the 

associations between spatial access to destinations and behaviour.  This study attempted 

to link destination use with physical activity behaviour - a research area that requires 

more attention. Reflecting the aims of this study, a cumulative opportunities density 

measure was applied, resulting in the density of recreational destinations outside the 

neighbourhood being ignored. The authors acknowledge however, that the availability 

of destinations both inside and outside the neighbourhood may influence the use of local 

neighbourhood recreational destinations. Future, studies may wish to consider how 

accessibility of recreational destinations both inside and outside the neighbourhood 

together influences physical activity behaviour.  

 

Studies that collect data about environmental characteristics, spatial opportunities, 

destination use and physical behaviour would provide urban planners with more 

detailed information for designing neighbourhoods that encourage higher levels of 

physical activity participation. However, in this study, causality could not be assumed 

because of the cross-sectional data used, which is another study limitation that could be 

addressed by future prospective studies. Moreover, future studies may also wish to 

examine how the attractiveness and quality of recreational destinations, as well as cost 

gradients (i.e. for fee-for-use facilities), influence physical activity levels.  

 

CONCLUSION 

 

These results support previous research that local facilities and opportunities close to an 

individual’s home are associated with the use of those facilities and may affect the types 

of physical activity undertaken. All other factors considered (e.g. destination cost and 

quality), recreational destinations located in the neighbourhood may increase the desire 

of individuals to be active and encourage them to participate in sufficient levels of 

physical activity. However, simply creating more neighbourhood recreational 

destinations alone may not increase physical activity levels without increasing 

awareness of local destinations. Investigating the patterns of recreational destination use 

and associated physical activity behaviour, researchers and urban planners might gain a 

better understanding of how to construct the built environment in order to increase 

physical activity participation.  
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CHAPTER 7 
 

OBJECTIVE VERSUS PERCEIVED WALKING 

DISTANCES TO DESTINATIONS: CORRESPONDENCE 

AND PREDICTIVE VALIDITY9 
 

ABSTRACT 

 

Judgments concerning features of environments do not always correspond accurately 

with objective measures of those same features. Moreover, perceived and objectively 

assessed environmental attributes, including proximity of destinations, may influence 

walking behaviour in different ways. This study compared perceived and objectively 

assessed distance to several different destinations and examined whether 

correspondence between objective and perceived distance was influenced by age, 

gender, neighbourhood walkability, and walking behaviour. Distances to most 

destinations close to home were overestimated, while distances to those further away 

were underestimated. Perceived and objective distances to certain types of destinations 

were differentially associated with walking behaviour. Perceived environmental 

attributes do not consistently reflect objectively assessed attributes, and both appear to 

have differential effects on physical activity behaviour. 

 

BACKGROUND 

 

There have been calls to incorporate both objective and self-reported environmental 

data into studies examining the relationship between the physical environment and 

physical activity behaviour (Saelens et al. 2003b; Owen et al. 2004; Duncan et al. 2005). 

This is because it is reasonable to assume that physical activity behaviour does not only 

depend on the objective environment but also depends on how a person perceives the 

environment. For instance, those who are not aware of the presence of pertinent 

destinations within their neighbourhood may be less likely to walk for transport and 

recreation. Moreover, the objective presence of relevant types of destinations in the 

                                                 
9 This chapter has been accepted for publication: McCormack, G. R., Cerin, E., Leslie, E., Du Toit, & 
Owen, N, (in press). Objective versus perceived walking distances to destinations: Correspondence and 
predictive validity. Environment and Behavior 
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neighbourhood does not necessarily imply that residents will use them (e.g. their quality 

may not match the residents’ standards). In this case, there may be a discrepancy 

between the objective and perceived availability and accessibility of specific types of 

destinations.  

 

These reflections call for investigation into the correspondence between perceived 

environmental attributes (such as perceived presence of and distance to destinations in 

the neighbourhood) and objective indices of environmental attributes such as those 

derived using Geographical Information Systems (Owen et al. 2004). There are two 

main reasons for this. From a conceptual standpoint, a low level of correspondence 

between perceived and objective distances to destinations might indicate that objective 

and perceived attributes of the environment influence physical activity behaviour 

through different mechanisms and, hence, need to be considered in conjunction. From a 

practical standpoint, given the high costs of collecting objective environmental data, a 

strong correspondence between perceived and objective measures of distance to 

destinations would indicate that the former could be used as a less-expensive proxy for 

the latter.  

 

Several studies have examined the correspondence between self-reported and objective 

presence of destinations close to home. Kirtland et al. (2003) found low-to-moderate 

agreement between the objective and perceived presence of facilities including 

walking/cycling trails, public swimming pools, recreation centres, parks and 

playgrounds, and shopping malls in the local neighbourhood (0.5-mile radius or a 10-

minute walk from the respondent’s home) and community (10-mile radius or a 20-

minute drive from the respondent’s home). Another study found no agreement between 

the awareness of trails and the actual presence of trails located within a 10-mile radius 

of study participants homes (Reed et al. 2004). The lack of correspondence between 

self-reported and the objective presence of destinations in these studies might reflect the 

fact that adults inaccurately estimate distance, in particular overestimating actual 

distances (Canter & Tagg 1975; Gatrell 1983; Golledge 1987; Golledge & Stimson 

1997). The overestimation of distances may be a result of distortions in awareness and 

knowledge of the physical environment as well as an indication that residents may not 

necessarily make use of the nearest destination available (which, in turn, would explain 

their inaccurate representation of its spatial location).  
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Awareness of the environment can be improved with increased experience, exposure 

and interaction within the physical environment (Thorndyke & Hayes-Roth 1982; 

Golledge & Stimson 1997). Walking might provide an opportunity for individuals to 

interact with the local neighbourhood and to develop a better awareness of their 

environment (Cohen & Weatherford 1980). Residents who walk more frequently in 

their neighbourhood could be expected to have better awareness of the local 

environment, compared with those who walk less frequently. For example, the existence 

of threatening environmental conditions such as the perceived presence of unattended 

dogs (King et al. 2000), and bothersome traffic (Carnegie et al. 2002) are reported 

among those who are more physically active. Moreover, Kirtland et al. (2003) found the 

agreement between actual and perceived presence of public recreational facilities to be 

higher among study participants undertaking regular physical activity, compared with 

those who were habitually inactive. This small set of studies suggests that adults who 

are more physically active, particularly those who walk in their local neighbourhood, 

may be more aware of the physical attributes of, and places in, their local 

neighbourhood (Humpel et al. 2002; McCormack et al. 2004).  

 

This study had three aims. The first was to determine whether the perceived distances 

between participants’ households and destinations corresponded to the objective 

distances between participants’ households and the nearest destinations. As part of this 

objective distances from participants’ households to several different destinations 

including shops, supermarkets, post offices, libraries, cafés, bus or train stops, parkland, 

natural bush and sports fields were examined.  Also, the moderating effects on the level 

of correspondence between objective and perceived distances, of gender, age, 

neighbourhood walkability and of walking behaviour, were examined. The second aim 

was to examine whether differences between objectively measured and perceive 

distances between the place of residence and destinations were a function of the 

magnitude of objective distance. The third aim was to examine whether objective and 

perceived distances to destinations, were predictive of walking for transport and 

walking for recreation. 
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METHODS 

 

Participant recruitment 

 

A detailed description of the recruitment strategy has been presented elsewhere (Leslie 

et al. 2005b). Briefly, survey participants were recruited for a pilot investigation 

undertaken as part of the Physical Activity in Localities and Community Environments 

study (PLACE) (Leslie et al. 2005b). Participants were recruited from two 

neighbourhoods in Adelaide, South Australia. The neighbourhoods represented areas of 

high walkability (HW: Norwood) and low walkability (LW: Hawthorndene) based on 

an index of walkability used previously, (Leslie et al. 2005b). Both suburbs had similar 

census-level (area level) occupant age and household income characteristics.  

 

A list of addresses from two census collector districts (CCDs) in Norwood (n=600) and 

one CCD in Hawthorndene (n=270) was derived from the Legal Property Identifying 

System. Residential addresses were then cross-matched with names and addresses from 

the electronic White Pages telephone directory, resulting in a list of 289 (Norwood n = 

140 and Hawthorndene n = 149) matching households. These households were then 

randomly selected and telephoned. Using the most recent birthday method, one eligible 

person per household (aged 20 to 60 years) was asked to participate in the study. 

Recruitment continued until 100 volunteers were obtained. A questionnaire was then 

mailed to study participants (response rates: Norwood = 68.5 percent and 

Hawthorndene = 90.9 percent). The Behavioural and Social Sciences Ethics Committee 

of the University of Queensland provided ethics approval.  

 

Neighbourhood walkability 

 

The two study neighbourhoods were defined as having high walkability (Norwood) or 

low walkability (Hawthorndene) based on a walkability score calculated from three 

built environmental variables. Each environmental variable was derived using 

Geographical Information System (GIS) data collected at the census collector district 

level (i.e. the smallest spatial unit defined by the Australian Bureau of Statistics; CCD). 

These variables included: intersection density (i.e. number of intersections located 

within a given CCD); dwelling density (i.e. number of dwellings divided by land area in 

residential use within each CCD); and land use mix (i.e. distribution of residential, 
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commercial, industrial, recreation and other land use within each CCD). Each of these 

environmental variables has been consistently found to be associated with walking and 

cycling (Saelens et al. 2003b). Intersection density, dwelling density, and land use mix 

were each classified into deciles and scored from 1 (lowest 10 percent of CCDs) to 10 

(highest 10 percent of CCDs). Scores for intersection density, dwelling density, and 

land use mix were then summated to create a single score. The walkability score was 

classified into quartiles, with the first and fourth quartiles representing the lowest and 

highest walkable CCDs, respectively. The development of the walkability index has 

been described in detail elsewhere (Leslie et al. 2005a; Leslie et al. 2005b). 

 

Norwood, which has high walkability, is located closer to the city centre, has a grid-like 

street pattern with many intersections, is developed on a flat topography, has a high 

residential density with a mixture of traditional and modern housing developments and 

has a high mix of land uses. There are also many community facilities such as churches, 

libraries, schools and small parks with play and picnic facilities. In contrast, 

Hawthorndene, which has low walkability, is located further from the city centre. The 

neighbourhood has a cul-de-sac street pattern with fewer intersections, has a hillier 

topography, and has a low residential density with predominantly single-family 

dwellings. Hawthorndene also adjoins a national park and recreation reserves, and has 

fewer local parks with play facilities for children.  

 

Data used in the current study 

 

The  questionnaire used in this study consisted of  a modified version of the 

Neighbourhood Environment Walkability Scale (NEWS) (Saelens et al. 2003a) gauging 

a series of perceived attributes of the built environment, selected items of the 

International Physical Activity Questionnaire (IPAQ) (Craig et al. 2003) gauging 

physical activity behaviours, and items assessing socio-demographic characteristics. 

Given the objectives of this study, only those items from the questionnaire that related 

to the estimated time to walk to a range of facilities, walking behaviours, and 

demographics were used in the present analyses. 
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Perceived distance to destinations 

 

Survey participants were presented with a list of destinations including a shop, 

supermarket, post office, library, café, bus or train stop, parkland, natural bush and 

sports field and were asked to report how long it would take to get from their home to 

the nearest businesses or facilities if they walked. Five response options were provided 

(i.e. 1 to 5 minutes, 6 to 10 minutes, 11 to 20 minutes, 20 to 30 minutes, and >30 

minutes). Estimates of time to reach the above mentioned destinations has been shown 

to have acceptable test-retest reliability (rs = 0.69 to 0.89) (Leslie et al. 2005b). 

Perceived times to reach destinations were multiplied by the conservative walking speed 

of 4.5 kilometres per hour to obtain estimates of perceived distances (EPD). This speed 

was chosen based on the estimate of the average moderate-pace walking speed being 3.0 

miles per hour, which corresponds to 4.8 kilometres per hour (Ainsworth et al. 2000). 

However, we chose a slightly lower speed (i.e. 4.5 kilometres per hour) to account for 

street crossing and presence of barriers en route, both typical of most urban 

environments. Hence, the five calculated EPD categories included: 0 to 375 metres; 376 

to 750 metres; 751 to 1500 metres; 1501 to 2250 metres; and >2250 metres. 

 

Walking behaviour and demographics 

 

Participants were asked several items concerning walking behaviours. In particular, they 

were asked to report how much time they had spent walking for transport and walking 

for recreation in the last seven days. To correct for over-reporting of physical activity, 

values exceeding 1680 weekly minutes of walking for transport or recreation were 

truncated (Adrian Bauman, personal communication). Gender and age data were also 

collected. Participants were dichotomized based on the sample median age (i.e. 20 to 45 

years or 46 to 70 years).  

 

Actual distance to destinations 

 

The residential location of study participants and the spatial location of the shops, 

supermarkets, post offices, libraries, cafés, bus or train stops, parkland, natural bush and 

sports fields were geocoded using MapInfo. Destination data were derived from the 

South Australian Department of Planning Land Use and Zoning database. Field 

observations by the PLACE study team suggests that measures of land use (as well as 
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other objective indicators of walkability included in their methodology) have face-

validity (Leslie et al., 2005a). ArcInfo Geographical Information Systems (GIS) 

software was used to undertake road network analysis to determine the shortest road 

network distance in metres between the participant’s home and previously mentioned 

destinations. Where there was more than one destination available, the distance to the 

closest destination of that type was used. The network distance was then divided into 

five categories equivalent to the five categories derived for perceived distance (i.e. 0 to 

375 metres, 376 to 750 metres, 751 to 1500 metres, 1501 to 2250 metres, and >2250 

metres).  

 

Statistical analysis 

 

Correspondence between objective and perceived distances to destinations 

 

Descriptive statistics for demographic characteristics, walking behaviour and the 

average raw network distance between the participant’s home and each destination were 

calculated. The proportion of participants underestimating, overestimating, and 

correctly estimating objective distance to the nearest destination using the five EPD 

categories was determined. In addition, the proportion of participants correctly 

identifying destinations located within 1500 metres from home was calculated. The 

mean, standard deviation, median, 25th and 75th percentile for the EPDs and objective 

categorical distances to all destinations, and walking for transport and recreation were 

calculated for the entire sample. Given that EPD and objective distance to destinations 

were categorical, the Wilcoxon Signed Rank Test was used to test the significance of 

the difference between objective and perceived distances. 

  

Moderating effects of gender, age, neighbourhood walkability, and walking behaviour 

on the difference between objective and perceived distances to destinations 

 

A difference score for each person and destination was calculated by subtracting the 

objective categorical distance from the estimated perceived categorical distance. The 

means, standard deviations, medians, 25th and 75th percentiles, and interquartile ranges 

(IQR: 75th minus the 25th percentile) for these difference scores were calculated. The 

sign or direction of the difference score indicated bias. Positive difference scores 

indicated that objective distance to the nearest destination was overestimated. Negative 
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difference scores indicated that objective distance to the nearest destination was 

underestimated. The size of the difference score, regardless of direction (i.e. negative or 

positive), indicated the degree of correspondence between objective and estimated 

perceived distance. To identify statistically significant difference between objective and 

perceived distances (difference score) within each of the examined levels of 

hypothetical moderators (e.g. males, females, 20 to 45 years, 46 to 70 years, residents 

living in walkable neighbourhoods), the Wilcoxon Signed Rank Test was used. The 

Mann-Whitney test was also used to compare objective distance with EPD for each of 

the moderators (i.e. gender, age, neighbourhood walkability and walking behaviour). 

For these analyses, data on walking behaviour were dichotomized based on the median 

weekly time spent walking for transport (i.e. <25 minutes per week and ≥25 minutes per 

week) and walking for recreation (i.e. <130 minutes per week and ≥130 minutes per 

week).  

 

Differences between estimated perceived and objective distance as a function of 

objective distance 

 

Kendall’s Tau-b correlations were calculated between the difference scores and the 

objective distance categories to determine whether the discrepancy between objective 

distances and EPDs was a function of objective distance. The percentages of 

overestimates, underestimates and accurate estimates of distances to destinations 

(categories) were also computed across all destinations for each objective distance 

category. 

 

Predictive validity of objective and perceived distance to destinations 

 

Separate logistic regression models were estimated for each destination type to examine 

the association between perceived (time to walk to a destination) and objective distance 

(categories of distance in metres) to each destination and the two walking behaviours. 

For these analyses dichotomies of walking for transport (<25 versus ≥25 minutes per 

week) and walking for recreation (<130 versus ≥130 minutes per week) were used as 

the outcome variables. Walking for transport and walking for recreation were separately 

regressed onto the objective categorical distance between home and the destination, and 

the perceived categorical distance between home and the destination. Odds ratios (OR) 

and 95 percent confidence (95% CI) intervals were adjusted for gender and age.  
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To account for the possibility of a non-linear relationship between log odds of walking 

and the perceived and objective distances to destinations, the distance variables were 

entered in the form of categorical (indicator) variables. Categories of distances with 

frequencies smaller than five were combined with adjacent categories. Where evidence 

of a linear relationship was found (via inspection of scatter plots), logistic regressions 

with distance to a specific destination as a continuous variable were also estimated. 

Given that it was hypothesized that there would be a negative association between 

walking and distances to destinations, for these analyses, the highest distance category 

represented the reference category. Hence, higher odds of walking were expected for 

smaller distances. To avoid multicollinearity between objective distance, perceived 

distance and neighbourhood type, the latter was not included in the models. P-values 

<0.05 were considered statistically significant. Statistical analysis was undertaken using 

Statistical Package for Social Sciences (SPSS 12). 

 

RESULTS 

 

Overall, 86 participants provided complete gender, age, and walking-behaviour data. 

There were more female (74.4 percent) than male (25.6 percent) participants; 46.5 

percent of participants resided in the high walkability neighbourhood and 53.5 percent 

in the low walkability neighbourhood. The dichotomization based on median values 

resulted in only minor differences between those 20 to 45 years (52.3 percent) and 46 to 

70 years (47.7 percent). Five respondents reported more than 1680 weekly minutes of 

walking for transport and seven respondents reported more than 1680 weekly minutes of 

walking for recreation. These values were truncated. The mean weekly minutes of 

walking for transport (truncated) were 274.4 ± 384.2 (median = 25; IQR = 277.5), while 

those of walking for recreation were 483.2 ± 541.0 (median = 130; IQR = 370).  

 

Correspondence between objective and perceived distances to destinations 

 

Table 16 shows the average shortest road network distance to the nearest nine different 

destinations for the entire sample and the correspondence between objective and 

perceived distances to destinations. Sports fields, shops, and cafes were, on average, the 

closest destinations to the participants’ homes, while libraries were located furthest 



 

 150

away. The majority of participants overestimated the distance to seven of the nine 

destination types (sports field, shop, café, supermarket, parkland, and train or bus stop) 

(55.8 to 97.7 percent), while the majority underestimated distance to a post office (45.3 

percent) and library (71.8 percent). The proportion of participants correctly identifying a 

sports field (37.6 percent), shop (45.9 percent), cafe (43.0 percent), bushland (38.1 

percent), supermarket (44.2 percent), parkland (29.4 percent), train or bus stop (29.1 

percent), post office (39.3 percent) and library (64.7 percent) as being located within 

1500 metres of their home was low to moderate. Table 17 confirms the descriptive 

results of Table 16. EPDs to seven of the nine destination types (shops, supermarket, 

café, train or bus stop, parkland, bushland, and sports fields) were significantly 

overestimated (p <0.001), while the EPD to the nearest post office and library were 

significantly underestimated (p <0.05).  
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Table 16. Descriptive statistics showing mean road network distance to 

destinations and agreement between perceived and objective distances 

(categorical) to destination types for the entire sample 

 Road network distance Agreement of perceived and 
objective distance 

 
Mean 

(metres) 
Median 
(metres) IQR 

 Percent 
perceived 
<objective

 Percent 
perceived 

= 
objective 

Percent 
perceived 
>objective 

Destination     

Sports field 210 ±148 194 244 0 2.4 97.6 

Shops 304 ±160 329 289 0 1.2 97.7 

Café 333 ±172 286 173 1.2 7.0 91.9 

Bushland 342 ±231 315 387 2.4 7.1 90.5 

Supermarket 946 ±598 727 1111 25.6 18.6 55.8 

Parkland 1235 ±450 1003 802 8.2 15.3 76.5 

Train/ 
bus stop 
 

1314 ±420 1283 749 5.8 8.1 86.0 

Post office 1594 ±429 1443 710 45.3 19.8 34.9 

Library 4147±2848 2142 5682 71.8 23.5 4.7 

IQR = interquartile range (75th percentile minus 25th percentile)  
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Table 17. Comparison between objective and perceived distance to destination 

types for the entire sample 

 Objective distance (categorical)a Perceived distance  (categorical) a 
Destination Mean P25 P50 P75 Mean P25 P50 P75 
Sports field* 1.14 ±0.35 1.0 1.0 1.0 3.94 ±1.02 3.0 4.0 5.0 

Shops* 1.41 ±0.50 1.0 1.0 2.0 3.65 ±0.96 3.0 4.0 4.0 

Cafe* 1.32 ±0.54 1.0 1.0 2.0 3.64 ±0.97 3.0 4.0 4.0 

Bushland* 1.44 ±0.59 1.0 1.0 2.0 3.94 ±1.22 3.0 5.0 5.0 

Supermarket* 2.52 ±1.09 2.0 2.0 4.0 3.24 ±0.77 3.0 3.0 4.0 

Parkland* 3.26 ±0.54 3.0 3.0 4.0 4.38 ±0.80 4.0 5.0 5.0 

Train/bus stop* 3.27 ±0.52 3.0 3.0 4.0 4.60 ±0.77 4.0 5.0 5.0 

Post office† 3.58 ±0.73 3.0 3.0 4.0 3.26 ±0.78 3.0 3.0 4.0 

Library† 4.16 ±0.87 3.0 4.0 5.0 3.34 ±0.97 3.0 3.0 4.0 
a Distance categories: 1 = 0 to 375 metres; 2 =  376 to 750 metres; 3 = 751 to 1500 metres; 4 = 
1501 to 2250 metres; 5 = ≥2251 metres  
†p <0.05; ‡p <0.01  *p <0.001 [Difference between objective and perceived categorical distances 
statistically significant] 
P25 = 25th percentile, P50=median, P75 =75th percentile 
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Tables 18 and Table 19 show the means, standard deviations, medians, and 25th and 

75th percentiles of the difference scores (i.e. estimated perceived categorical distance 

minus objective categorical distance) to each destination stratified by gender, age, 

neighbourhood walkability, walking for transport and walking for recreation. The 

stratified results reflected those found for the entire sample. The Wilcoxon Signed Rank 

Tests indicated that for most groups, distances between home and the nearest sports 

field, shop, café, supermarket, parkland, and train or bus stop were significantly 

overestimated, while distance to the nearest library and post office were significantly 

underestimated.  

 

Moderating effects of gender, age, neighbourhood walkability, and walking behaviour 

on the difference between objective and perceived distances to destinations 

 

Results from the Mann-Whitney Tests showed that men overestimated distance to the 

nearest supermarket to a greater extent than did women (mean difference = 1.32 ± 1.36, 

versus 0.52 ± 1.69, p <0.05; Table 18). In addition, compared with participants residing 

in the low walkable (LW) neighbourhood, those residing in the high walkable (HW) 

neighbourhood overestimated the distance to the nearest shop (HW: mean difference = 

2.49 ± 0.97 versus. LW: mean difference = 2.04 ± 1.09, p <0.05), café (HW = 3.05 ± 

0.71; LW = 1.67 ± 1.23; p <0.001), bushland (HW = 2.95 ± 1.04; LW = 2.13 ± 1.45; p 

<0.01), parkland (HW = 1.59 ± 0.75; LW = 0.72 ± 1.13; p <0.001), train or bus stop 

(HW = 1.90 ± 0.50; LW: mean difference = 0.85 ± 1.07; p <0.001) to a greater extent. 

 

The mean difference score for supermarkets and post offices was also significantly 

different between participants residing in high and low walkable neighbourhoods. 

Specifically, high walkable neighbourhood residents overestimated the distance to the 

nearest supermarket (mean difference = 2.05 ± 0.81) and post office (mean difference = 

0.63 ± 0.59), while low walkable neighbourhood residents underestimated the distance 

to the nearest supermarket (mean difference = -0.43 ± 1.26) and post office (mean 

difference = -1.15 ± 1.21). 
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Table 18. Mean, standard deviation, and percentiles (P25, P50, P75) of the 

differences between perceived and objective distances stratified by gender, age, 

and neighbourhood type 
 Men Women 
Destination Mean diff. P25 P50 P75 Mean diff. P25 P50 P75 
Sports field 2.59 ±1.22* 2.00 2.50 4.00 2.87 ±1.08* 2.00 3.00 4.00 

Shops 2.48 ±1.08* 2.00 2.00 3.50 2.17 ±1.05* 1.00 2.00 3.00 

Café 2.59 ±1.01* 2.00 2.50 3.25 2.22 ±1.29* 1.00 2.50 3.00 

Bushland 2.50 ±1.01* 1.75 3.00 3.00 2.50 ±1.45* 1.75 3.00 4.00 

Supermarketa 1.32 ±1.36* 0.75 1.00 2.25 0.52 ±1.69† -1.00 0.00 2.00 

Parkland 1.09 ±0.87* 0.75 1.00 2.00 1.13 ±1.13* 1.00 1.00 2.00 

Train/bus stop 1.50 ±1.01* 1.00 2.00 2.00 1.28 ±1.00* 1.00 2.00 2.00 

Post office 0.14 ±0.99 -1.00 0.00 1.00 -0.48 ±1.38‡ -1.00 -1.00 1.00 

Library -0.82 ±1.01‡ -1.25 -1.00 0.00 -0.81 ±0.78* -1.00 -1.00 0.00 

 20 to 45 years 46 to 70 years 
 Mean diff. P25 P50 P75 Mean diff. P25 P50 P75 
Sports field 2.89 ±1.09* 2.00 3.00 4.00 2.70 ±1.16* 2.00 3.00 4.00 

Shops 2.25 ±1.04* 1.00 2.00 3.00 2.24 ±1.09* 1.00 2.00 3.00 

Café 2.49 ±1.12* 2.00 3.00 3.00 2.12 ±1.33* 1.00 2.00 3.00 

Bushland 2.58 ±1.22* 2.00 3.00 4.00 2.41 ±1.48* 1.00 3.00 3.00 

Supermarket 0.76 ±1.76† -1.00 1.00 2.00 0.68 ±1.52‡ -0.50 0.00 2.00 

Parkland 1.13 ±0.89* 1.00 1.00 2.00 1.10 ±1.24* 0.25 1.00 2.00 

Train/bus stop 1.36 ±0.96* 1.00 2.00 2.00 1.32 ±1.06* 1.00 2.00 2.00 

Post office -0.36 ±1.37 -1.00 0.00 1.00 -0.29 ±1.27 -1.00 -1.00 1.00 

Library -0.91 ±0.74* -1.00 -1.00 -0.25 -0.71 ±0.93* -1.00 -1.00 0.00 

 High walkable neighbourhood Low walkable neighbourhood 
 Mean diff. P25 P50 P75 Mean diff. P25 P50 P75 
Sports field 2.67 ±1.08* 2.00 2.00 4.00 2.91 ±1.15* 2.00 3.00 4.00 

Shopsa 2.49 ±0.97* 2.00 2.00 3.00 2.04 ±1.09* 1.00 2.00 3.00 

Caféc 3.05 ±0.71* 3.00 3.00 3.75 1.67 ±1.23* 1.00 2.00 2.00 

Bushlandb 2.95 ±1.04* 3.00 3.00 4.00 2.13 ±1.45* 1.00 2.00 3.00 

Supermarketc 2.05 ±0.81* 1.00 2.00 3.00 -0.43 ±1.26† -1.25 0.00 0.00 

Parklandc 1.59 ±0.75* 1.00 2.00 2.00 0.72 ±1.13* 0.00 1.00 2.00 

Train/bus stopc 1.90 ±0.50* 2.00 2.00 2.00 0.85 ±1.07* 0.75 1.00 2.00 

Post officec 0.63 ±0.59* 0.00 1.00 1.00 -1.15 ±1.21* -2.00 -1.00 -1.00 

Library -1.00 ±0.73* -1.00 -1.00 -1.00 -0.65 ±0.90* -1.00 -1.00 0.00 

Positive values represent overestimate and negative values represent underestimate of objective distance 
†p <0.05; ‡p <0.01;*p <0.001 [estimated perceived and objective distance within group significantly 
different]  
ap <0.05; bp <0.01; cp <0.001[difference between estimated perceived and objective distance between 
groups significantly different]  
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Compared with participants walking for transport <25 minutes per week, those walking 

for transport ≥25 minutes per week significantly overestimated distance to the nearest 

supermarket to a larger degree (mean difference = 1.29 ± 1.42 versus mean difference 

0.18 ± 1.67, p <0.01; Table 19). The same groups also significantly differed for 

estimations of distance to the nearest post office (walking <25 minutes per week: mean 

difference = -0.84 ± 1.31 versus walking for transport ≥25 minutes per week: mean 

difference = 0.21 ± 1.09, p <0.001). Participants walking for recreation <130 minutes 

per week overestimated distance to the closest shop to a greater extent compared with 

those walking for recreation ≥130 minutes per week (mean difference = 2.57 ± 0.99 

versus mean difference = 1.93 ± 1.03, p <0.01).  

 

Differences between estimated perceived and objective distance as a function of 

objective distance 

 

Kendall Tau-b correlations between the objective distance (categorical) and the 

difference score were calculated (i.e. objective distance minus perceived distance). 

Difference scores were found to decrease as objective distance to the nearest  shop (r =  

-0.37, p <0.001), library (r = -0.26; p <0.01), supermarket (r = -0.86, p <0.001), 

bushland (r = -0.31, p = 0.001), sports field (r = -0.38, p <0.001), parkland (r = -0.64, p 

<0.001), café (r = -0.55, p <0.001), post office (r = -0.79; p <0.001) and train or bus stop 

(r = -0.69,  p <0.001) increased. Respondents overestimated the distance to destinations 

that were up to 375 metres from their residence (in 100 percent of cases) and 

underestimated the distance to more remote destinations (in 10.3 percent of cases for 

destinations between 750 and 1500 metres from the place of residence; 60.8 percent for 

destinations between 1501 and 2250 metres; and 82.4 percent for destinations further 

than 2250 metres). The highest degree of correspondence between objective and EPDs 

to specific types of destinations was observed for destinations between 750 and 1500 

metres from the respondents’ residence address (23.0 percent). 
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Table 19. Mean, standard deviation, and percentiles (P25, P50, P75) of the differences 

between perceived and objective distances stratified by walking for recreation and 

walking for transport 

 Walking for transport 
 <25 minutes per week ≥25 minutes per week 
Destination Mean diff. P25 P50 P75 Mean diff. P25 P50 P75 
Sports field 2.93 ±1.07* 2.00 3.00 4.00 2.67 ±1.17* 2.00 2.00 4.00 

Shops 2.12 ±1.03* 1.00 2.00 3.00 2.38 ±1.08* 2.00 2.00 3.00 

Café 2.09 ±1.21* 1.00 2.00 3.00 2.53 ±1.22* 2.00 3.00 3.00 

Bushland 2.48 ±1.29* 1.75 3.00 3.25 2.52 ±1.40* 1.75 3.00 4.00 

Supermarketa 0.28 ±1.68  -1.00 0.00 2.00 1.16 ±1.49* 0.00 1.00 2.00 

Parkland 1.09 ±1.00* 0.00 1.00 2.00 1.14 ±1.14* 1.00 1.00 2.00 

Train/bus stop 1.28 ±0.88* 1.00 1.00 2.00 1.40 ±1.12* 1.00 2.00 2.00 

Post officeb -0.74 ±1.31* -2.00 -1.00 0.00 0.09 ±1.19 -1.00 0.00 1.00 

Library -0.81 ±0.94* -1.00 -1.00 -0.75 -0.81 ±0.73* -1.00 -1.00 0.00 

 Walking for recreation  
 <130 minutes per week ≥130 minutes per week 
 Mean diff. P25 P50 P75 Mean diff. P25 P50 P75 
Sports field 2.72 ±1.20* 2.00 3.00 4.00 2.88 ±1.04* 2.00 3.00 4.00 

Shopsb 2.57 ±0.99* 2.00 2.50 3.00 1.93 ±1.03* 1.00 2.00 2.00 

Café 2.53 ±1.22* 2.00 3.00 4.00 2.09 ±1.21* 1.00 2.00 3.00 

Bushland 2.56 ±1.33* 1.00 3.00 4.00 2.44 ±1.36* 2.00 3.00 3.00 

Supermarket 0.93 ±1.67‡ 0.00 1.00 2.00 0.51 ±1.61† -1.00 0.00 2.00 

Parkland 1.21 ±0.97* 1.00 1.00 2.00 1.02 ±1.16* 0.00 1.00 2.00 

Train/bus stop 1.51 ±0.77* 1.00 2.00 2.00 1.16 ±1.17* 1.00 1.00 2.00 

Post office -0.21 ±1.32 -1.00 0.00 1.00 -0.44 ±1.31† -1.00 -1.00 1.00 

Library -0.81 ±0.88* -1.00 -1.00 0.00 -0.81 ±0.80* -1.00 -1.00 0.00 

Positive values represent overestimate and negative values represent underestimate of objective distance 
†p <0.05; ‡p <0.01;*p <0.001 [estimated perceived and objective distance within group significantly 
different]  
ap <0.05; bp <0.01 [difference between estimated perceived and objective distance between groups 
significantly different]  
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Predictive validity of perceived and objective distance to destinations 

 

Tables 20 and 21 show the associations between the perceived and objective distances 

to the examined types of destinations and walking behaviours, after controlling for 

gender and age. Shorter objective distances to the nearest post office and supermarket 

were associated with higher odds of walking for transport ≥25 minutes per week (Table 

20). Interestingly, distances between 375 and 1500 metres to the supermarket (OR = 

6.53 to 5.38) tended to be predictive of higher odds of walking for transport than 

distances below 375 metres (OR = 3.36). A tendency for proximity of train/bus stations 

and parklands to be positively associated with odds of walking for transport ≥25 

minutes per week was also observed (p <0.10). Perceived distances to a supermarket 

and a post office were also related to walking for transport but in the opposite direction 

to objective distances. Shorter perceived walking time to get to these destinations was 

predictive of lower odds of walking for transport (Table 20). Both objective and 

perceived distances to a library were positively associated with walking for transport. 

The further the library the higher the odds of walking for transport ≥25 minutes per 

week. 

 

None of the objective distances to specific destinations was associated with walking for 

recreation (Table 21). In contrast, perceived distances to a café, shops and bushland 

were related to the odds of walking for recreation ≥130 minutes per week. Specifically, 

shorter perceived distances to a café and shops were predictive of higher odds of 

walking for recreation. When compared with other distance categories, bushland 

perceived to be within 11 to 20 minutes of walking distance was associated with higher 

odds of walking for recreation >130 minutes per week (Table 21).  
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Table 20. Adjusted odds ratios of walking for transport ≥25 minutes per week as 

functions of objective and perceived distances to destination types (linear 

association) 
Walking for transport ≥25 minutes per week 

 Objective distance Perceived distance 
Dest. Distance OR 95% CI Distance OR 95% CI 
Shops 0-375m 

376-750m (r) 
0.81 
1.00 

0.33-2.00 6-10min (376-750m) 
11-20min (751-1500m) 
21-30min (1501-2250m) 
>30min (>2250m) (r) 
Linear trend 
 

0.19 
0.82 
0.78 
1.00 
0.71 

0.03-1.17 
0.25-2.76 
0.24-2.60 

 
0.44-1.14 

Cafe 0-375m 
376-1500m (r) 
 

1.63 
1.00 

 

0.62-4.32 
 

6-10min (376-750m) 
11-20min (751-1500m) 
21-30min (1501-2250m) 
>30min (>2250m) (r) 
Linear trend 
 

0.52 
0.42 
0.85 
1.00 
0.73 

0.12-2.37 
0.12-1.47 
0.26-2.82 

 
0.46-1.15 

Super-
market 
 

0-375m 
376-750m 
751-1500m 
1501-2250m (r) 

3.36 
6.53 
5.38 
1.00 

0.84-13.43 

1.77-24.06‡ 
1.31-22.03† 

 

6-10min (376-750m) 
11-20min (751-1500m) 
>20 min (>1500m) (r) 
Linear trend  
 

0.22 
0.43 
1.00 
0.49 

0.05-0.88† 
0.17-1.14 

 
0.27-0.91† 

Train/bus 
station 
 

376-1500m 
1501-2250m (r) 
 

2.39 
1.00 

0.91 - 6.31 
 

6-20min (376-1500m) 
21-30min (1501-2250m) 
>30min (>2250m) (r) 
 

1.34 
0.83 
1.00 

0.32-5.60 
0.25-2.81 

 

Post 
office 
 

751-1500m  
1501-2250m 
>2250m (r) 
Linear trend 

8.15 
3.77 
1.00 
2.58 

1.56-42.48† 
0.67-21.12 

 
1.31-5.08‡ 

6-10min (376-750m) 
11-20min (751-1500m) 
>20min (>1501m) (r) 
Linear trend 

 

0.31 
0.53 
1.00 
0.53 

0.09-1.60 
0.21-1.39 

 
0.29-0.95† 

Library 
 

751-1500m 
1501-2250m 
>2250m (r) 

0.28 
1.87 
1.00 

0.09-0.84 
0.56-6.21 

6-10min (376-750m) 
11-20min (751-1500m) 
21-30min (1501-2250m) 
>30min (>2250m) (r) 
Linear trend 

 

0.25 
0.51 
0.90 
1.00 
0.61 

0.05-1.24 
0.12-2.16 
0.21-3.91 

 
0.37-0.98† 

Sports- 
field 
 

 0-375m 
 376-750m (r) 

0.87 
1.00 

0.25-3.04 6-10min (376-750m) 
11-20min (751-1500m) 
21-30min (1501-2250m) 
>30min (>2250m) (r) 
 

1.32 
2.00 
0.66 
1.00 

0.24-7.22 
0.69-5.83 
0.21-2.09 

 

Bushland 
 

0-375m 
376-1500m (r) 
 

0.64 
1.00 

 

0.26-1.55 
 
 

6-10min (376-750m) 
11-20min (751-1500m) 
21-30min (1501-2250m) 
>30min (>2250m) (r) 
Linear trend 
 

0.79 
0.57 
0.39 
1.00 
0.88 

0.23-2.52 
0.18-1.86 
0.08-1.85 

 
0.62-1.27 

Parkland 
 

376-1500m 
1501-2250m (r) 

2.39 
1.00 

 

0.91-6.32 
 

6-20min (376-1500m) 
21-30min (1501-2250m) 
>30min (>2250m) (r) 
 

1.71 
0.63 
1.00 

0.43-6.82 
0.23-1.69 

Odds ratios adjusting for gender and age; r = reference group; †p <0.05; ‡p <0.01; *p <0.001  
 



 

 159

Table 21. Adjusted odds ratios of walking for recreation ≥130 minutes per week as 

functions of objective and perceived distances to destination types (linear 

association) 
Walking for recreation ≥130 minutes per week 

 Objective distance Perceived distance 
Dest. Distance OR 95% CI Distance OR 95% CI 
Shops 0-375m 

376-750m (r) 
0.52 
1.00 

0.19-1.37 6-10min (376-750m) 
11-20min (751-1500m) 
21-30min (1501-2250m) 
>30min (>2250m) (r) 
Linear trend 

 

12.76 

2.96 
2.45 
1.00 
1.95 

1.75-93.10‡ 
0.77-11.34 
0.65-9.22 

 
1.14-3.32† 

Café 0-375m 
376-1500m (r) 

0.99 
1.00 

 

0.36-2.71 
 

6-10min (376-750m) 
11-20min (751-1500m) 
21-30min (1501-2250m) 
>30min (>2250m) (r) 
 

4.84 
1.93 
3.80 
1.00 

0.91-25.73 
0.50-7.49 

1.02-14.21† 

Super-
market 
 

0-375m 
376-750m 
751-1500m 
1501-2250m (r) 
Linear trend 
 

0.40 
0.89 
0.98 
1.00 
0.77 

0.10-1.56 
0.27-2.96 
0.25-3.81 

 
0.50-1.17 

6-10min (376-750m) 
11-20min (751-1500m) 
>20 (>1501m) (r) 
Linear trend 

1.48 
1.08 
1.00 
1.11 

0.38-5.73 
0.40-2.79 

 
0.62-2.02 

Train/bus 
station 
 

376-1500m 
1501-2250m (r) 

0.82 
1.00 

0.31-2.20 
 

6-20min (376-1500m) 
21-30min (1501-2250m) 
>30 min (>2250m) (r) 
Linear trend 
 

3.94 
1.79 
1.00 
1.94 

0.69-22.64 
0.50-6.46 

 
0.98-3.83 

Post 
office 
 

751-1500m 
1501-2250m 
>2250m (r) 
Linear  trend 

0.63 
0.71 
1.00 
0.82 

0.16-2.46 
0.16-3.04 

 
0.44-1.53 

6-10min (376-750m) 
11-20min (751-1500m) 
20min (>1501m) (r) 
Linear trend 
 

1.37 
1.18 
1.00 
1.21 

0.37-5.05 
0.44-3.18 

 
0.67-2.16 

Library 
 

751-1500m 
1501-2250m 
>2250m (r) 

1.38 
0.85 
1.00 

0.47-4.01 
0.26-2.80 

6-10min (376-750m) 
11-20min (751-1500m) 
20-30min (1501-2250m) 
>30min (>2250m) (r) 
 

2.97 
1.68 
2.39 
1.00 

0.57-15.47 
0.37-7.72 

0.51-11.23 

Sports- 
field 
 

0-375m 
376-750m (r) 

2.40 
1.00 

0.62-9.28 6-10min (376-750m) 
11-20min (751-1500m) 
20-30min (1501-2250m) 
>30min (>2250m) (r) 
 

0.87 
0.72 
1.36 
1.00 

0.14-5.32 
0.24-2.15 
0.42-4.46 

Bushland 
 

0-375m 
376-1500m (r) 

0.98 
1.00 

0.39-2.45 6-10min (376-750m) 
11-20min (751-1500m) 
20-30min (1501-2250m) 
>30min (>2250m) (r) 
 

0.47 
5.63 
1.07 
1.00 

0.12-1.77 
1.41-22.45† 

0.22-5.23 

Parkland 
 

376-1500m 
1501-2250m (r) 

0.82 
1.00 

0.31-2.12 
 

6-20min (376-1500m) 
21-30min (1501-2250m) 
>30min (>2250m) (r) 
 

2.32 
1.60 
1.00 

0.53-10.02 
0.57-4.46 

 

Odds ratios adjusting for gender and age; r = reference group; †p <0.05; ‡p <0.01; *p <0.001  
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DISCUSSION 

 

The main purpose of this study was to examine the correspondence between perceived 

and objectively measured distances to the nearest destinations in the neighbourhood of 

residence. In general, relatively poor agreement between the objective and estimated 

perceived measures of distance was found. Furthermore, for some destinations, the level 

of agreement differed across genders, neighbourhood types, and walking behaviours.  

 

Study participants tended to overestimate distances to destinations located closer to 

home and underestimate those that were located further from home. Specifically, all 

respondents overestimated the distance to destinations located up to 375 metres from 

their residence. The proportion of respondents overestimating the distance to 

destinations decreased as the objective distance to destinations increased (90 percent 

through 18 percent). Interestingly, the highest degree of correspondence between EPD 

and objective distance was not observed, as hypothesised, for destinations located in 

immediate proximity of the residential address (i.e. 0 to 375 metres), but for destinations 

located between 750 and 1500 metres from home (23 percent). Given that proximal 

neighbourhood destinations are likely to be visited more frequently than distal 

destinations (Furuseth & Altman 1991; Moore & Graefe 1994; Merom et al. 2003; 

Hoehner et al. 2005), we expected that respondents would exhibit greater awareness of 

their immediate surroundings. The fact that some evidence indicates that individuals 

overestimate the distance of shorter and familiar routes and underestimate the distance 

to longer and less-known routes (Golledge & Stimson, 1997) could provide a plausible 

explanation for our ‘unexpected’ findings.  

 

Knowledge or awareness about the environment gained through direct exposure to the 

environment might result in more accurate estimates of route distances (Thorndyke, 

1982). Also, there is some evidence that active participants - who might also be more 

likely to use facilities - tend to more accurately report the presence of recreational 

facilities in their neighbourhoods than their counterparts (Kirtland et al. 2003). Hence, 

we expected to find more accurate distance estimates among participants who spent 

more time walking than among those who walked less. Contrary to our expectation, the 

accuracy of estimated perceived distances to most destinations was similar among high 

and low level walkers, regardless of the type of walking behaviour (transport-related or 

recreational).  
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Interestingly, participants walking for transport ≥25 minutes per week overestimated 

distance to the supermarket, compared with those walking less. This difference could be 

due to the physical effort required to carry bags of groceries from the supermarket. The 

physical effort involved in walking up and down hills (Okabe et al. 1986) and carrying a 

backpack (Proffitt et al. 2003) has been associated with distance overestimation.  Heavy 

bags carried over a greater distance would require more physical effort than carrying the 

same load over a shorter distance. However, it is not known whether those participating 

in transport-related walking also walked to the nearest supermarket. Future studies 

should capture details about the actual use of specific destinations when examining the 

relationship between perceived distance, objective distance, and physical activity 

behaviour.   

 

Residents of the high walkable neighbourhood were found to consistently, and to a 

greater extent, overestimate distance to the nearest destinations compared with residents 

of the low walkable neighbourhood. This finding could be due to high walkable 

neighbourhoods having more intersections (areas with a higher intersection density are 

considered to be more walkable - Leslie et al., 2005). Indeed, it has been shown that 

objective distances are often overestimated when routes include more intersections or 

turns, and barriers en route (Cohen & Weatherford 1980; Sadalla & Magel 1980; 

Sadalla & Staplin 1980). The fact that distances of shorter and well known routes are 

generally overestimated while distances of longer and less-known routes are 

underestimated (Golledge & Stimson 1997) might provide another explanation. People 

in high walkable neighbourhoods tend to walk more (Saelens et al. 2003a) and, 

therefore, might have better route knowledge resulting in overestimation of distance. In 

addition, routes to destinations are likely to be shorter in high walkable neighbourhoods 

because of the higher levels of connectivity and mixed land use (Cervero & Radisch 

1996; Frank et al. 2003), which would result in a greater overestimation of distance. 

After revisiting our data we found that post offices, sports fields, parkland, cafes, and 

train or bus stop were located nearer to the homes of residents in the high walkable 

neighbourhood. Future studies should collect data about the actual routes (i.e. distances, 

presence of barriers) taken to reach destinations so that objective data can more 

accurately reflect participants’ perceptions. 

 

The low level of correspondence between perceived and objective distances to 

destinations indicates that objective and perceived attributes of the environment might 
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influence physical activity behaviour through different mechanisms. For example, our 

results showed that respondents residing nearer to supermarkets and post offices were 

more likely to walk for transport ≥25 minutes per week, while respondents who 

perceived the supermarket and post office to be closer were less likely to achieve this 

level of walking. We know from our earlier results that respondents’ perceived distance 

estimates did not correspond with objective distance estimates and, therefore, it would 

have been unlikely that perceived and objective measures of distance would have 

equivalent effects on walking behaviour. Unmeasured cognitive and environmental 

factors are likely to be contributing to the differential pattern of relationships between 

perceived and objective distance and walking behaviour. Therefore, measures of 

perceived and objective distances to destinations need to be considered in conjunction 

when examining walking behaviour. 

 

A major strength of this investigation was the availability of both perceived and 

objective environmental data. Nevertheless, our study has several limitations. Firstly, 

participants estimated the time taken to walk rather than the distance to the nearest 

destination. Secondly, study participants may have provided estimates of distance to 

destinations that were well known to them but were not necessarily the nearest 

destination of that type to their homes, which is what was used to calculate the objective 

distance. Thirdly, this study assumed that walking is an important way of increasing 

awareness of the local neighbourhood (Cohen & Weatherford 1980). Our results suggest 

that walking behaviour might weakly reflect environmental awareness and, therefore, 

accuracy of distance estimation. Future studies could examine factors such as the 

complexity of local environment, attractiveness of destinations and routes, barriers en 

route, pathways that may not be reflected in the road network system (e.g. laneways, 

crosswalks, public open spaces), mobility, length of residency, familiarity with 

destinations and routes, emotional or affective responses as well as other demographic 

characteristics - all of which are known to influence knowledge about the physical 

environment (Briggs 1973; Gatrell 1983; Golledge & Stimson 1997).  

 

The survey items asked participants to report the time required to walk to the nearest 

destination. Although the use of GIS data was a positive aspect of this study, 

participants may have taken into consideration other environmental characteristics and 

personal preferences not captured using GIS when estimating time needed to reach 

destinations by walking. Our regression results in particular might reflect this 
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discrepancy. Impedances and barriers to walkers such as a major roads, traffic, traffic 

lights, and railway lines or facilitators such as bridges and crosswalks and topography 

can influence walking behaviour. Furthermore, psychological factors such as 

perceptions of safety (i.e. from traffic and crime) and preference for attractive streets 

could also influence an individuals route choice and walking behaviour and hence 

estimation of distance. For example, a longer route that has less traffic may be more 

appealing than a shorter route that has more traffic. GIS is a useful research tool, 

however, at present its capability to capture certain environmental attributes and 

accurately represent psychological aspects of walking behaviour is limited. Future 

studies might need to consider incorporating objective measures of such attributes as 

well as collecting environmental data that reflect psychological factors related to 

behaviour. 

 

Another study limitation pertains to the fact that assumptions were made about the 

average walking speed used to calculate distance from time estimates. For the purpose 

of generalization and simplicity, factors associated with walking speed, such as type of 

walking (e.g. transport-related versus recreational), were ignored. Also, respondents 

were asked to report walking for transport and recreation undertaken for episodes of 

more than 10 minutes. Not capturing walking in episodes of less than 10 minutes could 

have affected the results, given that respondents were asked to report distances to 

destinations that were located within 0 to 375 metres and 376 to 750 metres of home 

(equivalent to 0 to 5 minutes and 6 to 10 minutes, respectively, based our assumed 

walking speed of 4.5 kilometres per hour). Furthermore, the lack of correspondence 

between EPD and objective distance could also be influenced by the calculation of the 

shortest road network distance between the participant’s residence and the destination. 

For destinations close to home, distance might be less of a concern in deciding which 

route to take and individuals may choose slightly longer routes that match certain 

preferences (i.e. more appealing or interesting). However, for destinations that are 

located further away, individuals may give more consideration to the quickest route 

possible that may or may not be consistent with the shortest route measured via the 

street network. To examine more accurately the perceptions of individuals, future 

studies should compare the distance of actual routes travelled to reach destinations and 

perceived distance. Consideration should also be given to ensuring that behavioural 

measures (e.g. walking for recreation) accurately correspond with the independent 

variables to which they are to be associated (e.g. presence of parks).  
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Finally, to maintain sufficient sample size for age and walking, groups were 

dichotomized using the median-split method. This resulted in the calculation of walking 

levels that were lower than current physical activity recommendations (Commonwealth 

Department of Health Aged Care 1999). People who are more active generally might be 

more aware of the surrounding environment (Kirtland et al. 2003). Therefore, the 

accuracy of estimated distance to destinations should be examined among those who are 

very active. Furthermore, given that physical effort can influence the accuracy of 

distance estimates (Okabe et al. 1986; Proffitt et al. 2003), futures studies may wish to 

examine the association between physical activity intensity (i.e. cycling or jogging) and 

distance estimates. 

 

CONCLUSION 

 

Consistent with previous findings, this study suggests that adults do overestimate 

objectively measured distances to destinations in the local environment. The 

overestimation tends to be greater for destinations nearer to home. This suggests that 

estimated distance to destinations should not be used as a proxy for objective distance. 

Given that both the perceived environment and objective environmental attributes might 

play different roles in determining physical activity behaviour, future studies should 

incorporate measures of both. Moreover, objective environmental data that more 

accurately reflects environmental attributes likely to influence behaviour (i.e. routes 

used, barriers, and topography) need to be collected. 
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CHAPTER 8 
  

CONSTRUCTING INDICES REPRESENTING 

SUPPORTIVENESS OF THE PHYSICAL ENVIRONMENT 

FOR WALKING USING THE RASCH MEASUREMENT 

MODEL10 
 

ABSTRACT 

 

The objectives of this study were to use the Rasch model to 1) assess the psychometric 

properties of a physical environmental audit instrument and 2) to develop indices of 

interrelated environmental attributes that summarize environmental supportiveness for 

walking. A set of items were derived representing two conceptual physical 

environmental constructs: 1) functional/safety, and; 2) aesthetics. A priori criteria based 

on point-biserial and Rasch-based fit statistics were used to examine the construct 

validity and internal reliability of the two constructs. The Rasch-based fit statistics 

assisted in identifying 12 items that belonged to the functional/safety construct and four 

items that belonged to the aesthetic construct. The reliability of the two constructs were 

low to moderate (functional/safety rβ = 0.19 and aesthetics rβ = 0.35). Given the vast 

number of built environmental attributes, a means of developing summary indices is 

essential. Future studies should assess the reliability and validity of indices that 

summarize physical environmental characteristics conducive to walking before testing 

them in predictive models of physical activity.  More research examining procedures for 

measuring the built environment and techniques for analyzing environmental data are 

needed to guide future research in this area. 

BACKGROUND 

 
In the past decade, understanding the impact of the physical environment on physical 

activity has become a topic of increasing interest. Recent reviews have highlighted 

characteristics of the physical environment associated with physical activity behaviours 

                                                 
10 This chapter has been published: McCormack, G.R, Mâsse, L.C., Bulsara, M., Pikora, T.J., Giles-Corti, 
B. (2006). Constructing indices representing supportiveness of the physical environment for walking 
using the Rasch measurement model. International Journal of Behavioral Nutrition and Physical Activity, 
3(44), pp. 1-13 
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(Humpel et al. 2002; McCormack et al. 2004; Owen et al. 2004). To date measures of 

the physical environment have generally included self-reported perceptions, objectively 

measured audit data or Geographical Information Systems (GIS) data (Humpel et al. 

2002; McCormack et al. 2004). 

 

Environmental attributes of the physical environment do not necessarily affect physical 

activity behaviour in isolation; however, aggregates of these environmental attributes 

(i.e. sprawl index, neighbourhood walkability index, functionality index, safety index, 

aesthetics index) have been developed and found to predict physical activity behaviour 

(Ewing et al. 2003; Pikora et al. 2006). A recent review of audit instruments used to 

assess the supportiveness of the environment for physical activity found that few studies 

had evaluated the psychometric properties of their instruments (Moudon & Lee 2003). 

As the predictive validity of these indices is affected by the psychometric properties of 

these instruments and the methodology employed to aggregate items, there is a need to 

use more stringent methodologies to develop valid and reliable environmental audit 

instruments.   

 

The Systematic Pedestrian and Cycling Environmental Scan (SPACES) instrument 

(Pikora et al. 2002; Pikora et al. 2003) was developed to measure attributes of the 

physical environment that are theoretically associated with walking and cycling in 

neighbourhoods. It was designed to be used by trained observers to collect 

environmental data at a segment level11 and has been applied in studies involving urban 

neighbourhoods (Jago et al. 2005; Pikora et al. 2006). The content representation of the 

instrument was assessed (Pikora et al. 2003) and the instrument has been shown to be 

reliable (Pikora et al. 2002). However to date, other important statistical attributes of the 

SPACES’ items and procedures for aggregating the items to form summary 

environmental indices have not been examined. Item response models, including the 

Rasch model provides an integrated approach to examine properties of items and scale 

that are not available with classical test theory procedures or with factor analysis. Item 

response modelling allows for the following to be assessed: 1) dimensionality of the 

scale; 2) location of items on the continuum measured by the construct; 3) evaluation of 

content representation or the extent to which the construct measured is adequately 

covered; 4) reliability and standard error of measurement of the scale across the 

                                                 
11 A segment is defined as the section of road between two intersections  



 

 167

construct; and 5) functioning of the response format or scoring model for each item 

(Embretson & Reise 2000; Mâsse et al. 2002).  

 

Item response models, including the Rasch model, can be used to assess the 

psychometric properties of the items and scales. The Rasch model differs from other 

types of item response models in that only one-parameter is estimated (i.e. the 

“difficulty” parameters). The difficulty parameter represents the amount of an attribute 

an item demands of the underlying construct being measured (Stenner & Smith 1982). 

Applying this to the theme of this paper - environmental settings that are more 

supportive for walking are more likely to have rare or less common environmental 

attributes or features (i.e. a higher difficulty parameter) compared with environmental 

settings that are less supportive for walking (i.e. a lower difficulty parameter). The 

Rasch model satisfies the requirements for fundamental measurement meaning that 

properties of the measure is invariant across both people and items, in other words the 

individual’s trait or construct can be calculated independently of the difficulty of items, 

and vice versa (Embretson & Reise 2000; Reeve & Mâsse 2004). Furthermore, the 

Rasch model provides a method for constructing linear interval level scales from ordinal 

level data(Wright 1996), thus representing quantitatively the underlying construct.  

 

Therefore, the main purpose of this study was to build upon research undertaken by 

Pikora and colleagues (2002; 2003) and to examine how environmental audit variables 

are interrelated. To do this the first objective was to examine the statistical properties, 

including construct validity and reliability, of environmental variables derived from 

SPACES and other external environmental data sources using the Rasch model. The 

second objective was to derive a set of environmental variables for inclusion in 

environmental indices representing unidimensional measures of environmental 

supportiveness for walking.  

 

METHODS 

 

Sample 

 

During February to April 2000, objective environmental data were collected from        

12 925 segments within a 408 kilometre2 area of Perth, Western Australia (Pikora et al. 

2002; Pikora et al. 2003). The data collection was part of a larger study known as the 
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Study of Environmental and Individual Determinants of Physical Activity 2 - (SEID2). 

Segment data were collected from 1803 neighbourhoods. A neighbourhood was defined 

as the area within a 400 metre linear distance from a respondent’s home.  The 

respondents participated in an earlier cross-sectional survey (SEID1: Giles-Corti & 

Donovan 2002a). The sampling frameworks for SEID1 and SEID2 are described more 

fully elsewhere (Giles-Corti & Donovan 2002b; Pikora et al. 2002). The current study 

included only those segments with complete environmental data (n = 10 169 segments). 

From this dataset, two random samples, an exploratory sample (n = 5 051) and a 

validation sample (n = 5 118), were generated using SPSS 12. 

 

Environmental constructs  

 

Pikora et al’s (2003) conceptual framework posits four environmental constructs: 

functional, safety; aesthetics; and destinations. However, based on recent evidence 

(Handy 1996; Humpel et al. 2002; Saelens et al. 2003b; McCormack et al. 2004), the 

current study included two constructs 1) functional/safety, and  2) aesthetics. Aspects of 

safety were considered to be related to the functional environment because it included 

physical attributes such as the presence of crossing devices, street lights and street 

surveillance (i.e. physical environment conducive for observing the street from the 

household). In addition, the framework posits that traffic attributes can contribute to the 

functionality and safety of the built environment (Pikora et al. 2003). “Destinations” 

was included as a single item in the functional/safety construct as it captured whether a 

destination was present in the segment. The aesthetics construct included items that 

reflected the attractiveness or visual appeal of the streetscape.  

 

 

 

Environmental items reflecting constructs 

 

The SPACES is a 35-item instrument used in SEID2 to collect segment level data on 

physical environmental attributes hypothesized to be associated with walking and 

cycling (Pikora et al. 2002; Pikora et al. 2003). In addition to field observations, data 

were also collected from external sources using Geographical Information Systems 

(GIS). The data collected and their sources have been described elsewhere (Pikora et al. 

2002). Only those items relevant to the constructs were included in the current study. 
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Composite items including data from both SPACES and the other above mentioned 

sources were developed because responses to some items were dependent on responses 

to other items. For example, the presence of traffic control devices are generally present 

on major roads, rather than in cul-de-sacs. Hence, a variable that represented a 

combination of both road type and presence of traffic control devices was derived. 

Deriving composite items reduce the chance of violating the Rasch model assumption of 

local independence (Nandakumar et al. 1998; Embretson & Reise 2000). Eight derived 

composite items included traffic control devices (i.e. road type and traffic control 

device), crossing devices (i.e. road type and crossing devices), crossing aids (i.e. road 

type and crossing aids), path/road condition (i.e. road condition and path condition), 

slope of path/road (i.e. slope of path and slope of road), path location from road (i.e. 

presence of path and path location), views (combination of view types), and trees 

(presence and number of trees). Table 22 list functional/safety (herein referred to as 

‘functional’) and aesthetic items and their category coding used in this study. 
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Table 22. Variable descriptions and category response scores  

Variables Category response scores 
Functionality 
construct  

Traffic control 
devices4 

0 (major road/no device); 1 (major road w/device); 2 (minor road/no device); 3 (minor 
road w/device); 4 (cul-de-sac with/without device) 

Crossing devices 4 0 (major road/no device); 1 (major road w/device); 2 (minor road/no device); 3 (minor 
road w/device); 4 (cul-de-sac with/without device) 

Crossing aids 4 0 (major road/no aid); 1 (major road w/aid); 2 (minor road/no aid); 3 (minor road 
w/aid); 4 (cul-de-sac with/without aid) 

Road width4 0 (≥4 lanes wide); 1 (<4 lanes wide) 
Path/road 
condition4 

0 (path 2 sides poor/road poor); 1 (path good 1 side/road moderate); 3 (path good both 
sides/road good) 

Traffic volume2 0 (>14 000); 1 (3000-13 999); 2 (<3000 vehicles/day) 
Traffic speed2 0 (>60 kilometres/hour); 2 (≤60 kilometres/hour) 
Street pattern1, 3 0 (cul-de-sac); 1(mixed); 2(grid)   
Path location from 
road4 

0 (no path); 1 (access to a path <1 metre from road); 2 (access to path 1-3 metres from 
road);  4 (access to path >3 metres from road) 

Alternative routes4 0 (no alternative routes); 1 (alternative routes present)  
Intersection 
design1, 3 0 (3-way); 1 (4-way) 

Path continuity4 0 (not continuous); 1(continuous) 
Slope of 
path/road4 

0 (access to steep slope only); 1(access to moderate slope only); 2 (access to gentle 
slope) 

Intersection 
distance3 0 (≥250 metres); 1 (<250 metres) 

Street lights 
present4 

0 (no lights); 1 (lights present on one-side of street); 2 (lights present on both sides of 
street) 

Street 
surveillance4 

0 (can be seen from <50% of houses); 1(can be seen from 50-75% of houses); 2 (can be 
seen from >75% of houses)  

Destinations 
present4 0 (no destinations present); 1 (destinations present) 

Driveway cross-
overs4 0 (≥1 per building); 1 (< 1 per building or none) 

Aesthetic 
construct  

Verge  
maintenance4 0 (<50% of verges); 1 (50-75% of verges); 2 (>75% of verges) 

Garden 
maintenance4 0 (<50% of houses); 1 (50-75% of houses); 2 (>75% of houses)  

Cleanliness 
(rubbish)4 0 (lots); 1 (some); 2 (none) 

Attractiveness 4 0 (not at all); 1(somewhat); 2 (very) 
Views 
(combination)4 

0 (commercial/no nature); 1 (commercial/nature or urban/commercial); 2 (urban only);  
3 (urban/commercial/nature); 4 (urban/nature) 

Trees4 0 (none); 1 (some/1 side only); 2 (lots/1 side only); 3 (some/2 sides); 4 (some/1 side 
and lots/other side); 5 (lots/2 sides) 

Alikeness of 
buildings4 

0 (all same); 1 (different designs) 

For original item wording, category options and scoring refer to Pikora et al. (2003) 
1 Segments belong to a certain type of street pattern or intersection design e.g. segment is either part of a 4-
way or a 3-way intersection; 2 Sourced from traffic authorities; 3 Derived from GIS and Maps; 4 Derived from 
SPACES 



 

 171

Rasch model 
 
The Rasch model (Rasch 1980) is a one-parameter stochastic model that mathematically 

predicts expected responses to items (Hambleton & Van der Linden 1982; Wood 1987). 

The residuals between hypothesized and actual response patterns is evidence of the 

degree of scale unidimensionality (Wright & Panchapakesan 1969; Wright 1996; 

Linacre 1998; Bond & Fox 2001). The Rasch model fit statistics indicate the 

congruence between the actual and expected pattern of responses across items. In this 

study the partial credit Rasch model (Masters 1982; Wright & Masters 1982) was used 

to examine the fit of the environmental data. This is an extension of the simple Rasch 

model for dichotomous outcomes (Rasch 1980). The partial credit model is suitable for 

items with ordered polytomous outcome scoring categories and allows these categories 

to vary in number and structure across items (Masters 1982). Hence, the operational 

ordering of the item scoring categories can be examined (Andrich 1982a; Andrich & 

Van Schoubroeck 1989). In the context of this study, the partial credit model estimates 

the probability that a segment obtains a particular category score on an environmental 

item as a function of the segment’s overall supportiveness for walking. Higher item 

category scores represented higher supportiveness for walking. It should be noted that 

multidimensional item response modelling (MIRM) was considered however, only the 

univariate properties of the constructs were of interest in this study. 

 

Item exploration and reduction 

 

For each construct (i.e. functional and aesthetic), environmental items were fitted to two 

separate Rasch models using the exploratory sample: 1) a baseline model including all 

items believed to belong to the construct and; 2) a revised model, that included items 

that best represented the construct according to the Rasch model fit statistics. The 

revised model was cross-validated in the validation sample. Given that no one test of fit 

is sufficient, the reduction of items was based on the examination of three main 

statistics: 1) point-biserials; 2) category outcome characteristics; and 3) overall model 

and variable fit. The Rasch analysis was undertaken using RUMM2020 (RUMM 

Laboratory Pty Ltd, Murdoch University, Western Australia). 
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Evaluation of point-biserials 
 
Point-biserials (rpb) were checked as a preparatory step before examining fit in Rasch 

analysis, a procedure that has used to detect initial departure from the expected model 

(Linacre 1992; Linacre 1998; Linacre 2002). A negative or low positive point-biserial 

correlation can indicate that an item is not acting as expected with regard to the 

underlying construct. Generally, rpb >0.20 are desirable however; items with negative 

point-biserials or low positive point-biserials (rpb <0.15) were examined further for 

content. A lower cut-off value was used because of the low number of variables being 

examined at the beginning of this study. Environmental items that did not appear to be 

associated with the constructs based on the point-biserials and after reviewing their 

content were subsequently excluded from the Rasch analysis. 

 

Evaluation of the scoring model and rescoring 

 

The scoring model represents the category responses or scores for the items (Wright 

1996). Category Characteristic Curves (CCC) were used to examine the item scoring 

models. In the context of this study, if an item scoring model is functioning as expected, 

the probability of obtaining a higher category score on that item would increase as 

segments overall supportiveness of walking increased. Dysfunctional scoring models 

can be due to an item not representing the underlying construct or problems either 

associated with the original scoring categories or how the scoring categories have been 

collapsed (Andrich & Van Schoubroeck 1989; Andrich et al. 1997). In this study, items 

that showed dysfunctional scoring were rescored on an individual basis. Based on 

recently published suggestions for collapsing categories (Linacre 1999; Bond & Fox 

2001; Linacre 2002), several rescores of categories were explored before deciding on a 

final scoring model. The final scoring model for an item required that the rescoring of 

categories had face validity, improved model fit of the individual item, and where 

possible reflected a uniform frequency distribution across it’s categories. 

 

Model and item fit statistics 

 

Two types of statistic were used concurrently to provide evidence of variable misfit to 

the Rasch model: the item-person interaction statistic and the item-trait interaction 

statistic (Andrich & Van Schoubroeck 1989; RUMM Laboratory 2004). The item-

person interaction statistic (Zstd)  is a standardized residual derived from the difference 
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between the expected or modelled score and the obtained score for each segment to each 

item (Andrich & Van Schoubroeck 1989). This statistic is determined for each 

environmental item and can be summarized over the entire set of items.  

 

The item-trait interaction statistic is a chi-square that is determined from the comparison 

between the expected score and the mean observed score for groups of people (i.e. 

segments) also known as class intervals, with similar ability (i.e. support for walking) 

estimates on an item. Five class intervals representing groups of similarly supportive 

segments were used in the analysis. An item-trait interaction statistic was derived across 

all environmental items, and if found to be statistically significant (evidence of misfit) 

then item-trait interaction statistics were investigated at the item level (Andrich & Van 

Schoubroeck 1989).  

 

Measurement models never fully match the data they are intended to represent (Smith & 

Miao 1994). Furthermore the use of large samples leads to even minor levels of misfit 

being statistically significant when chi-square statistics are used (Wright & 

Panchapakesan 1969; Hattie 1985; Adams & Wright 1994) resulting in rejection of the 

model, and resulting in the removal of items that are truly related to the underlying 

construct. Based on these issues, less strict criteria of misfit to the model were used in 

this study. Items that showed both item-person interactions statistics <-2.5 or >2.5, and 

statistically significant item-trait interaction statistic (p <0.01) were removed from 

further analysis. Because of our large sample size (i.e. n >5000), chi-square statistic was 

adjusted to a sample size of 500 as this is considered small enough to yield more 

meaningful interpretation of the chi-square results (McKinley & Mills 1985; Embretson 

& Reise 2000; Linacre 2003). After removal of misfiting items, those remaining were 

re-entered into the Rasch model and the process repeated until all remaining variables 

showed sufficient evidence of fit (Wright & Panchapakesan 1969). The final items were 

then tested in the validation sample to ensure they had acceptable fit. Internal 

consistency of the constructs were examined using the person separation reliability 

statistic (rβ) (Andrich 1982b) - a Rasch based version of Cronbach’s alpha. 

 

Bivariate correlations between the final functional and aesthetic scales and measures of 

physical activity were performed using the exploratory dataset. Physical activity data 

included self-reported fortnightly minutes of recreational walking, transport-related 

walking, and vigorous-intensity physical activity collected from face-to-face interviews 
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with 1803 SEID1 respondents (Giles-Corti & Donovan 2002a). For the correlations, 

segment data for the functional and aesthetic scales were aggregated to the 

neighbourhood level (i.e. average scale score for segments located within 400 metres of 

the respondents home).  

 

RESULTS 

 

Descriptive statistics 

 

Table 23 presents descriptive statistics for the functional and aesthetic environmental 

items initially included in the Rasch models. The mean score (i.e. summation of item 

raw scores) for the functional scale was 20.44 ± 3.56 (range = 0 to 35). The initial point-

biserials (rpb) for the functional environment items suggested that seven variables were 

less than the predetermined cut-off (rpb <0.15). The summary raw score for the 

aesthetics scale was 12.34 ± 2.79 (range = 0 to 18) and the initial point-biserials for all 

aesthetic items were >0.15. 

 

Model fit 

 

The results of the Rasch analyses are presented in Table 24.  For both the functional and 

aesthetic environment scales the fit of the original model was unacceptable, as shown by 

the high standardized fit residuals (mean = -3.10 and mean = 2.87 respectively) and 

statistically significant chi-square values (p <0.001). 

 

The scoring model was first examined to determine which item scoring categories were 

not functioning as expected. Evaluating the CCCs served to refine the scoring system by 

identifying item categories that might be collapsed. Examination of the CCCs indicated 

that seven items from the functional environment scale (street pattern, path location, 

surveillance, traffic volume, traffic control devices, crossing devices and crossing aids) 

and three from the aesthetics environment scale (verge trees, views, and cleanliness) 

showed dysfunctioning score categories. These items were subsequently rescored. The 

CCCs in Figures 4 and 5 respectively, show examples of items with dysfunctioning and 

normal functioning scoring categories. Note the middle CCC score category (i.e. mixed 

street pattern) in Figure 4 never has a higher probability of being selected compared 
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with the other two categories. The CCCs of the initial scoring models are presented in 

Appendix 2-A (i.e. functional/safety items) and Appendix 2-B (i.e. aesthetic items). 
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Table 23. Means, standard deviations (SD), minima (Min), maxima (Max), and 

point-biserials (rpbis) for individual environmental indices and environmental 

scales scores  

Variables Mean SD Min Max rpbis
1 rpbis

2 

Functional 20.44 3.56 9 30   
Traffic control 
devices 

0.94 1.08 0 4 0.73 0.64 

Crossing devices  1.86 1.08 0 4 0.69 0.56 
Crossing aids  2.07 0.99 0 4 0.70 0.56 
Road width 0.93 0.25 0 1 0.37 0.32 
Path/road condition   1.03 0.59 0 2 0.12 0.24 
Traffic volume 1.67 0.63 0 2 0.53 0.42 
Traffic speed 0.99 0.12 0 1 0.19  
Street pattern 1.43 0.79 0 2 0.17 0.18 
Alternative routes 0.30 1.77 0 1 0.20 0.31 
Intersection design 0.19 0.39 0 1 0.15 0.19 
Path continuity    0.73 0.44 0 1 0.14 0.21 
Slope of path/road   1.68 0.56 0 2 0.12 0.22 
Intersection distance   0.19 0.39 0 1 0.10  
Street lights present 1.07 0.40 0 2 -0.12  
Street surveillance 1.66 0.62 0 2 0.27 0.27 
Destinations present 0.35 0.48 0 1 0.11 0.27 
Path location 1.57 1.27 0 3 0.18 0.15 
Driveway crossovers 0.09 0.29 0 1 -0.10  

Aesthetics 12.34 2.79 1 18   
Verge  maintenance 1.51 0.68 0 2 0.50 0.63 
Garden maintenance 1.64 0.63 0 2 0.50 0.62 
Cleanliness  1.79 0.45 0 2 0.43 0.52 
Attractiveness  1.01 0.47 0 2 0.49 0.51 
Views 2.50 1.08 0 4 0.40 0.39 
Trees 3.54 1.79 0 5 0.68 0.59 
Alikeness of 
buildings  

0.34 0.47 0 1 0.16 0.20 

1 Initial point-biserial correlation 
2Point-biserial correlation after category rescoring and variable reduction (rpbis <0.15). 
Variables is with missing point-biserials have been removed from the scale
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Table 24. Functional environment and aesthetic scale fit to the Rasch model 

 Variable-trait 
interaction Zstd 

Variable-trait interaction 
χ2 statistic 

Construct N items Mean SD df χ2 p-value 
Functional environment       

Initial model 18 -3.10 13.47 72 417.23 <0.001 
Revised model 12 0.27 2.52 48 65.22 0.049 
Cross-validation model 12 0.36 2.65 48 53.29 0.278 

       
Aesthetic environment       

Initial model 7 2.87 6.86 21 114.02 <0.001 
Revised model 4 0.60 2.55 12 15.06 0.238 
Cross-validation model 4 0.74 3.42 12 18.66 0.097 

Zstd = standardized residual; Statistical significance considered at p <0.01 
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Figure 4. Category Characteristics Curve showing a dysfunctional scoring model 
for street pattern 



 

 179

 

Figure 5. Category Characteristic Curve showing normal functioning scoring 

model for path/road slope 
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Items with point-biserials <0.15 were eliminated as they discriminated poorly and made 

a limited contribution to the scale score. After category rescoring, the point-biserials of 

some items differed from the initial values presented in Table 23. For clarity, point-

biserials of the items remaining following rescoring and variable reduction (based on 

the rpb <0.15 and content evaluation) are presented in the final column of Table 23. 

These latter values were used in the next step of the analysis. Four items were 

eliminated from the functional environment scale (driveway crossovers, street lights 

present, traffic speed, and intersection distance).  

 

Due to high standardized residuals (i.e. -2.5 >Zstd >2.5) and significant variable-trait 

chi-square values (p <0.01), traffic control devices (Zstd = -15.93; chi-square = 28.37, df 

= 4, p <0.01)  and crossing devices (Zstd = -12.24; chi-square = 21.34, df  =  4, p <0.01) 

were removed from the functional environment scale and garden maintenance (Zstd = -

10.85; chi-square = 24.55, df  = 3, p <0.01) , alikeness of design (Zstd = 17.09; chi-

square = 39.72, df  = 3, p <0.01), and attractiveness (Zstd = -6.69; chi-square = 11.86, df 

= 3, p <0.01) were removed from the aesthetic environment scale. Following the 

removal of these items, the remaining items in each scale showed evidence of model fit 

(chi-square statistics p >0.01).  

 

The Rasch analysis of the shortened functional environment scale indicated an adequate 

fit as shown by the standardized fit residuals (model mean = 0.27 ± 2.52) and the chi-

square statistic (p <0.049). To cross-validate the results and assess the generalizability 

of the findings, the Rasch analyses were replicated using the data from the validation 

sample. Results of the cross-validation showed that the data adequately fitted the 

revised model (see Tables 24 and 25). Furthermore, based on data from the exploratory 

dataset, the Pearson correlation between the functional and aesthetic scales was r = 0.11 

(p <0.001). The final set of items for the functional and aesthetic environment scales 

and location and model fit information are shown in Table 25 and their category 

response score structures (i.e. following rescoring) are presented in Table 26. Item 

Characteristics Curves for the final functional items are presented in Appendix 2-C and 

ICCs for the final aesthetic items presented in Appendix 2-D.   
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Table 25. Final variable locations, variable-trait standardized residuals, and 

variable-trait chi-square statistics for the training and cross-validation samples 

Variables Loc. Zstd χ2 Sig. Loc.a Zstd
a χ2 a Sig.a 

Functional         
Crossing aids  -0.04 2.09 9.54 0.049 -0.01 0.70 7.12 0.130 
Road width -2.11 -1.88 1.65 0.799 -2.15 -1.55 1.71 0.788 
Path/road condition   0.48 -2.90b 2.05 0.726 0.47 -3.04 b 0.71 0.950 
Traffic volume -0.50 3.73b 7.26 0.123 -0.45 4.59 b 7.28 0.122 
Street pattern -1.03 -3.48b 9.82 0.044 -1.07 -3.52 b 7.98 0.092 
Path location from road    0.35 1.78 7.63 0.106 0.30 0.77 7.97 0.093 
Alternative routes 1.40 0.76 1.83 0.767 1.46 1.66 2.03 0.731 
Intersection design 2.09 -0.93 3.08 0.544 2.11 -1.92 3.24 0.517 
Path continuity    -0.53 -1.21 7.02 0.135 -0.57 0.01 4.34 0.362 
Slope of path/road   -0.82 0.78 6.72 0.152 -0.81 0.86 4.53 0.338 
Street surveillance -0.48 4.65b 4.69 0.320 -0.39 4.98 b 2.94 0.568 
Destinations present 1.18 -0.11 3.91 0.418 1.10 0.81 3.43 0.488 

   
Aesthetics   

Verge  maintenance 1.19 -0.62 0.92 0.762 1.23 -2.07 3.56 0.313 
Cleanliness  -2.11 -2.40  6.73  0.059 -2.08 -2.28 8.74 0.033 
Views -0.27 3.03b 4.13 0.238 -0.27 4.40 b 2.16 0.472 
Trees 1.19 2.38  1.57 0.523 1.12 2.92 b 3.84 0.279 

Note: Loc. = location in logits; Zstd = standardized residual; Statistical significance considered at  
p <0.01; a  = Cross-validation sample    b = Zstd <- 2.5 or >2.5 
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Table 26. Final category response score structures for the final set of 

environmental variables 

 Category 
 Rescored 1 2 3 4 5 6
Functional variables        

Crossing aids  Yes 0 1 1 2 2  
Road width No 0 1     
Path/road condition   No 0 1 2    
Traffic volume Yes 0 0 1    
Street pattern Yes 0 1 1    
Path location from road    Yes 0 0 1 1   
Alternative routes No 0 1     
Intersection design No 0 1     
Path continuity    No 0 1     
Slope of path/road   No 0 1 2    
Street surveillance Yes 0 0 1    
Destinations present No 0 1     

        
Aesthetics variables        

Verge  maintenance No 0 1 2    
Cleanliness  Yes 0 1 1    
Views Yes 0 1 2 2 2  
Trees Yes 0 1 1 1 2 2 

For category response score descriptions refer to Table 22. 
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Scale representation 
 
Figures 6 and 7 show the distribution of segment and item threshold locations along the 

same continuum for the functional and aesthetic environment scales, respectively. Both 

segments and items have a common measurement unit referred to as a logit (i.e. log 

odds unit), that allows their locations on the item-segment map to be compared. 

Segments located below item thresholds are less likely to have the attribute to which the 

thresholds pertain, and segments above item thresholds are more likely to have the 

attributes to which the thresholds pertain. The mean segment location for the functional 

environment scales was 0.60 ± 0.72 logits; while for the aesthetic scale, mean segment 

location was 2.24 ± 0.95 logits. The range of functional item threshold locations (-2.11 

to 2.09 logits) overlapped with most of the segment locations. The second category 

threshold for crossing aids (1.64 logits) and path/road condition (1.79 logits) was higher 

than all other thresholds except for that of intersection design. The second category 

thresholds for slope of path/road (-0.63 logits) was located lower than the thresholds for 

path continuity, traffic volume, and street surveillance. Highly supportive segments that 

belonged to a four-way intersection were also more likely to have all other supportive 

functional environmental attributes (i.e. all environmental attributes in lower locations). 

Most segments had road widths less than four lanes and crossing aid/road type 

combinations that were more supportive of walking than having a major road with an 

aid or a minor road without an aid (Figure 6).  

 

Segments with more than 75 percent of verges maintained (1.40 logits) were also more 

likely to have all other supportive aesthetic environmental attributes (Figure 7). 

Segments with either lots of trees on both sides of the street or some trees on one-side 

with lots on the other (1.36 logits) were more likely to have 50 to 74 percent of verges 

maintained, either urban only, urban and commercial and nature, or urban and nature 

views, and some or no street rubbish. The majority of segments (~88 percent) were 

located above the highest item threshold (i.e. 1.40 logits) indicating a ceiling effect for 

the aesthetic environment items in this sample of segments. The possible mismatch 

between the segment and item distributions influences the segment separation indices. 

Segment separation indices for the functional environment and aesthetic environment 

scales were considered low (rβ = 0.19 and 0.35, respectively). However, the segment 

separation indices of the original set of items were also low to moderate (functional 

scale rβ = 0.35, and aesthetic scale rβ = 0.51).   
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Low or non-existent bivariate correlations between the neighbourhood level 

functionality score and fortnightly minutes of recreational walking (r = 0.00, p = 0.86), 

transport-related walking (r = 0.07, p = 0.003), and vigorous-intensity physical activity 

(r = 0.01, p = 0.80) were found. Similarly, low or non-existent associations were found 

between the neighbourhood level aesthetics score and recreational walking (r = 0.01, p 

= 0.66), transport-related walking (r = -0.07, p = 0.003), and vigorous-intensity physical 

activity (r = 0.06, p = 0.02). 
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Figure 6. Segment and item threshold location on the functional environment scale 
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Figure 7. Segment and item threshold location on the aesthetic environment scale 
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DISCUSSION 

 

This study explored how environmental attributes supportive of walking are related and 

described a process of deriving environmental indices, using the Rasch model. Given 

the vast number of attributes found in the built environment, a valid means of 

developing summary indices is essential. The development of environmental indices is 

supported by the fact that environmental attributes exert their affects on behaviour 

collectively and not necessarily in isolation(Frank et al. 2003; Moudon & Lee 2003).  

 

Scale reliability 

 

Items from the SPACES instrument have been shown to have acceptable test-retest 

reliability (Pikora et al. 2002). However, the scales developed in this secondary analysis 

from the SPACES items and Geographical Information Systems data, had less than 

desirable internal consistency (i.e. low separation statistics). For the functional and 

aesthetic scales, the low number of items, the attenuated range and variability of 

segment scores, and the lack of overlap between the level of supportiveness of the items 

and level of supportiveness of the segments (i.e. the segment separation reliability 

decreases as the mismatch becomes more pronounced) may have contributed to lower 

segment separation statistics (Andrich 1982b).  

 

A source of low variability might be the item scoring models or the items themselves 

not being sensitive enough to detect differences among the segments. In particular, the 

lack of overlap between segments and aesthetic items (see Figure 4) suggests that 

additional items are needed to differentiate among the majority of segments. More 

subtle aesthetic qualities may need to be captured in order to differentiate among similar 

segments in this study. Items capturing attributes relating to architecture, house design, 

the colour of buildings, and attractiveness of gardens may increase the variability in the 

aesthetics score among segments. A caveat of including this level of detail is that from a 

policy perspective it might not be possible to intervene on such subtle attributes. For 

example, characteristics of residential garden landscaping are largely the responsibility 

of home owners, although incentives could be introduced to encourage owners to 

maintain them. Hence, measuring such specific features will be of little relevance for 

encouraging change in physical activity behaviour if modifying some environmental 

features is difficult to implement.  
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The homogeneity of segment attributes - reflecting the way in which segments were 

sampled in SEID2 (i.e. all segments audited within 400 metres of the respondent’s 

home) - likely reduced the variability in these data. Post hoc examination of intra-

cluster correlations (ICC) for the two scales suggests that segments within 

neighbourhoods were somewhat homogenous (i.e. functional ICC = 0.27 and aesthetic 

ICC = 0.28). To some degree, similarity among segments and neighbourhoods is 

unavoidable given that often at a state, regional, city and neighbourhood level over-

arching laws and legislation such as zoning and design legislation govern what can or 

cannot be built. Furthermore, environmental attributes measured at the segment level 

may actually reflect street or neighbourhood level characteristics (e.g. street speed 

limits, street design) resulting in adjacent segments sharing the same attributes. Moudon 

and Lee (2003) propose that objective measures of physical environments need to have 

sufficient variability. Therefore, study designs that maximize environmental variability 

need to be implemented. For example, the SMARTRAQ study in Oregon, is selectively 

sampling segments within neighbourhoods (i.e. one segment on a main road, one on a 

service road), rather than collecting data on all segments within a neighbourhood (Frank 

et al. 2005). 

 

A limitation of using Rasch analysis on the existing dataset is that the number of items 

had already been reduced in the initial item selection process. The low number of 

variables, and the subsequent attenuated range in available scale scores, from the 

beginning was a limitation of this study. Rasch analysis may therefore be more 

effectively used during the item development phase, than after the final variables have 

already been decided upon (Embretson & Reise 2000; Bond & Fox 2001). In situations 

where there are a large number of items, results obtained from Rasch analysis may serve 

to detect items that need rewording or need more sensitive category scoring models 

(Embretson & Reise 2000; Bond & Fox 2001). For example, in the current study, the 

fact that garden maintenance did not fit the Rasch model may have been due to the 

subjectiveness of the item term “maintenance” and the response options offered (i.e. 

<50 percent, 50 percent to 75 percent, >75 percent gardens in a segment are 

maintained). Others have found  that item subjectivity contributes to low reliability of 

environmental audits (Emery et al. 2003). To maintain brevity, the present paper did not 

explore reasons why some item scoring models did function as expected. Nevertheless, 
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we acknowledge that this should be considered, particularly in the development and 

piloting stage of an instrument.  

 

Scale validity 

 

Items that show evidence of sufficient fit to the Rasch model are considered to 

contribute to a single underlying construct (Wright & Panchapakesan 1969; Wright 

1996; Linacre 1998; Bond & Fox 2001). The locations of environmental attributes or 

their hierarchy represent their supportiveness for walking in relation to other attributes. 

Highly supportive segments that were part of a four-way intersection were also more 

likely to have all other supportive environmental attributes (see Figure 5). The presence 

of four-way intersections in a neighbourhood may contribute to greater neighbourhood 

connectivity (i.e. increased route directness)(Frank & Engelke 2001; Handy et al. 2002; 

Frank et al. 2003). Similarly, direct routes to destinations (e.g. from home to the shop) 

are supportive of walking because they encourage individuals to walk for transportation 

(Frank & Engelke 2001; Handy et al. 2002; Frank et al. 2003). Our results suggest that 

having four-way intersections may be even more supportive for walking because they 

are associated with having other supportive environmental attributes. Segments of 

moderate supportiveness were more likely to have all other supportive attributes except 

destinations, other routes, and being part of a four-way intersection. Segments less 

supportive of walking were more likely to have continuous paths, low traffic volumes, 

good street surveillance, gentle sloping paths/roads, belonged to a mixed or grid street 

pattern, and have less than four lanes, but were less likely to have the other supportive 

environmental attributes, found in moderate and high supportive segments. 

 

For aesthetic attributes, segments with trees and maintained verges were more likely to 

have appealing views and higher cleanliness. However, the majority of the segments 

were located on the high aesthetic side on this continuum’s attribute (i.e. above the 

location of trees and verge maintenance) suggesting that the scale needs more items or 

variables that discriminate along the full aesthetic continuum and, in particular, at the 

higher end. It might be necessary to develop or include items that capture aesthetic 

attributes that demand higher levels of endorsement than those currently included in the 

SPACES instrument. In addition, it might be necessary to make the item scoring 

categories more sensitive to minor attribute differences so that current items can 
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discriminate among high supportive segments (e.g. increasing the available range of 

item and scale scores).  

 

The correlations between the functional and aesthetic scales and the physical activity 

behaviours provide weak support for the predictive validity of these scales. Neither the 

functional nor the aesthetics scale was associated with recreational walking; however, 

both scales were associated with transport-related walking. The functional scale was 

positively associated with minutes of transport-related walking while the aesthetics 

scale was negatively associated with transport-related walking. The latter finding is not 

entirely unexpected given that mixed associations have been found between aesthetics 

and walking (Humpel et al. 2002; McCormack et al. 2004; Owen et al. 2004). The 

aesthetics scale was also positively associated with minutes of vigorous-intensity 

physical activity. The weak correlations between the environmental scales and physical 

activity in this study may have resulted from the method used to derive these scales. 

Using the same data examined in this study, Pikora et al. (2006) found a positive 

association between functionality and recreational walking in the neighbourhood 

however, no association was found between functionality and transport-related walking 

in the neighbourhood or aesthetics and any walking behaviour. The different types of 

walking behaviour examined in each study (i.e. neighbourhood walking versus non-

context specific walking) may explain the difference in results. Furthermore, the 

different methods for aggregating environmental variables into overall indices of 

functionality and aesthetics in Pikora et al.’s (2006) and the present study may also 

explain the lack of correspondence. For example, Pikora et al. (2006) aggregated 

variables according to the original conceptual framework that also included weighting 

attributes according to their importance for encouraging walking (Pikora et al. 2003). In 

contrast the present study did not use any weighting, and the scales were derived 

empirically using Rasch analysis. While the lack of variability in the SEID2 data is 

considered a limitation and likely cannot be overcome regardless of which method is 

used to derive the environmental scales (2006), these results together suggest that 

different methods of scale development, even when using the same data, can lead to 

different conclusions.  

 

Given the complicated interrelationships among physical environmental attributes 

(Frank et al. 2003), empirical as well as conceptual evidence should be used to derive 

these scales. Exploratory approaches often empirically examine the data structure before 
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assigning meaning to the constructs. In this study the approach taken was mainly 

empirically driven however, our analysis began with a theoretical model derived from 

previous research (Pikora et al. 2003). Rasch analysis was used to confirm this 

theoretical model. An exploratory approach was then taken to obtain better fit of data to 

the model. Research investigating measurement of the built environment is in its 

infancy. Hence, specifying constructs prior to examining the data structure may have 

restricted the findings of our study. For example, the inclusion of other environmental 

constructs may better represent these data. The empirically-driven approach taken 

following the failure of the items to initially fit the theoretical constructs, means that 

replication of our findings in other built environments is not guaranteed. However, 

testing the final items in the validation sample is a strong point of this study, and 

suggests replication of our findings among segments with similar environmental 

characteristics. Further research that investigates the conceptual and operational 

definitions of objective environmental constructs and attributes is needed. 

 

CONCLUSION 

 

Given the complicated interrelationships among physical environmental attributes, 

empirical as well as conceptual evidence should be used to form these scales. However, 

it is important that scales representing the supportiveness of the environment are both 

valid and reliable. Although the functional and aesthetic scales derived in this study 

showed inconsistencies in their statistical properties the study provides information 

about the process of constructing environmental scales from several sources. The Rasch 

model is dependent on a replicable pattern of endorsement across items hence, misfiting 

items and the low separation statistics might indicate that there is no logical relationship 

between certain environmental attributes. More examples of procedures for measuring 

the built environment and techniques for analyzing environmental data are needed to 

guide future research in this area.  
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CHAPTER 9 
 

THE DIRECT AND INDIRECT INFLUENCE OF THE 

BUILT ENVIRONMENT ON RECREATIONAL 

PHYSICAL ACTIVITY BEHAVIOUR12 
 

ABSTRACT 

 

Knowledge about how the built environment moderates, and is mediated by, physical 

activity-related cognitions is lacking. This study examined whether the built 

environment was associated with cognitive predictors of physical activity and whether 

the built environment moderated the relationship between behavioural expectations, 

frequency of past trying, and physical activity behaviour. Secondary analysis was 

undertaken of data from a survey of Western Australian adults who participated in a 

baseline and follow-up survey (n = 1473). Associations between baseline measured 

cognitions (i.e. self-efficacy, attitudes, subjective norm, and behavioural expectation), 

frequency of past trying, and physical activity (i.e. minutes of vigorous activity, and 

recreational walking), and the objectively measured neighbourhood built environment 

(i.e. street connectivity, recreational destination density and mix, aesthetics, and 

functionality) were examined using structural equation modelling. Aesthetics, 

destination density and destination mix were significantly associated with cognitions. A 

stronger association between frequency of past trying and minutes of vigorous physical 

activity was found for respondents residing in neighbourhoods with higher street 

connectivity (β = 0.19) compared with lower street connectivity (β = 0.06). Higher 

levels of functionality was associated with participation fewer minutes of vigorous 

physical activity (β = -0.10). A stronger association between frequency of past trying 

and recreational walking was also found for respondents residing in neighbourhoods 

with more recreational destinations (β = 0.11), compared with fewer destinations (β = 

0.00) and a direct positive associations was found between connectivity and minutes of 

recreational walking (β = 0.07). The built environment might influence recreational 

physical activity directly and indirectly through cognitions.  

                                                 
12 This chapter is under review: McCormack, G.R, Giles-Corti, B. and Bulsara, M. (under review).The 
direct and indirect influence of the built environment on recreational physical activity behaviour. 
International Journal of Behavioral Nutrition and Physical Activity. 
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BACKGROUND 

 

The predictive capacity of explanatory models of physical activity has been limited 

(Baranowski et al. 1998). Modest associations between cognitions such as intentions 

and physical activity behaviour have been reported (Courneya & McAuley 1993; 

Hausenblas et al. 1997). Until relatively recently, explanatory models of physical 

activity behaviour have generally focused on biological, psychological, and sociological 

determinants (Dishman & Sallis 1994; Owen et al. 2000), largely ignoring the physical 

environment. Driving theories of health behaviour have been focused primarily on 

value-expectancy judgments, and less on facilitating or enabling factors (Jeffery 2004). 

Social ecological models propose that an individual’s behaviour is a result of multiple 

levels of interacting determinants, including psychological, sociological and 

environmental factors (Lewin 1936; Bronfenbrenner 1977; Stokols 1992). In particular, 

social ecological models emphasize the importance of the physical environment in 

determining behaviour.  

 

Research suggests that the built environment is an important potential determinant of 

physical activity (Humpel et al. 2002; McCormack et al. 2004).  The built environment 

is associated with physical activity, even after controlling for cognitive and social 

factors (Leslie et al. 1999; Booth et al. 2000; Giles-Corti & Donovan 2002a; Troped et 

al. 2003; Duncan & Mummery 2005; Garcia Bengoechea et al. 2005). Exploring the 

associations between cognitive factors and the built environment is important for 

understanding mechanisms underlying physical activity behaviour (Saelens et al. 2003b; 

Spence & Lee 2003; Kremers et al. 2006). However, few studies have tested whether 

cognitive and social factors mediate the relationship between the built environment and 

physical activity (Brassington et al. 2002; Prodaniuk et al. 2004; De Bruijn et al. 2006; 

McNeill et al. 2006). In a study of children, attitudes, perceived behavioural control, and 

intentions mediated the relationship between perceived aesthetics and proximity to 

opportunities and physical activity behaviour (De Bruijn et al. 2006). McNeill et al. 

(2006) found that perceived neighbourhood quality and the availability of facilities were 

indirectly associated with physical activity via intrinsic motivation and self-efficacy.  

 

Furthermore, studies to date have yet to investigate whether the built environment 

moderates the relationships between cognitions and physical activity behaviour. 

Examining the environment as a moderator within a socio-cognitive framework might 
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provide insight into why, for example, people do not always act on their intentions 

(Sniehotta et al. 2005). Several theories (e.g. Health Action Process Approach and 

Theory of Intrapersonal Behavior) posit that perceived and actual external factors affect 

the intention-behaviour relationship. However, previous studies examining this 

relationship have focused on post-intentional cognitive factors such as planning, action 

control, and self-regulation (Norman & Conner 2005; Sniehotta et al. 2005). Studies 

examining the built environments influence on the intention-physical activity behaviour 

association are lacking.  

 

Behavioral models have included cognitive constructs such as perceived behavioural 

control (Ajzen 1985) and self-efficacy (Bandura 1986; Bandura 1997) that capture the 

influence of perceived external opportunities and barriers on intentions. Perceived 

behavioural control and self-efficacy are considered similar constructs (Schwarzer 

1992) reflecting an individual’s level of the control over their behaviour. Evidence 

suggests that with regard to physical activity the former construct reflects confidence to 

overcome external constraints (e.g., availability of resources or opportunities) while the 

latter construct reflects confidence to overcome internal constraints (e.g., motivation 

and ability (Terry and O’Leary, 1995). Attitudes and intentions themselves are also 

hypothesized to reflect perceived external opportunities and barriers that may influence 

behaviour (Ajzen 1991). However, perceptions of the external environment may 

influence cognitions (Brassington et al. 2002; Prodaniuk et al. 2004; De Bruijn et al. 

2006; McNeill et al. 2006) and likewise cognitions may influence perceptions. Self-

efficacy (Bandura 1997), and stage of change (Carnegie et al. 2002) can influence an 

individual’s perception of their external environment. Furthermore, perceptions do not 

always accurately reflect reality, particularly with regard to environments supportive of 

physical activity (Kirtland et al. 2003; Reed et al. 2004; Boehmer et al. 2006; Michael et 

al. 2006).  

 

This study had two objectives. The first objective was to examine whether cognitions 

mediate the relationship between the objectively measured built environment (i.e. 

connectivity, land use density, land use mix, aesthetics, and functionality) and physical 

activity behaviour (i.e. vigorous-intensity and walking for recreation). The second was 

to examine whether the objectively measured environment moderated the relationships 

between: 1) behavioural expectations and future physical activity behaviour; and 2) 

frequency of past trying and future physical activity behaviour. 
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METHODS 

 

Sample 

 

Secondary analysis was undertaken of data collected from the Study of Environmental 

and Individual Determinants of Physical Activity (SEID1). The SEID1 study (Giles-

Corti & Donovan 2002b) included a cross-section of adults aged 18 to 59 years (n = 

1803) from a 408 kilometre2 area of Perth, Western Australia. Respondents were 

recruited from 277 census collectors’ districts (CCD) from the 80th (137 CCDs and n = 

929) and 20th (140 CCDs and n = 874) percentiles of social disadvantage. Data 

collection commenced in late spring 1995 and the procedure involved a face-to-face 

interview in the respondent’s home with a follow-up telephone survey (n = 1474) 

undertaken two to four weeks later. The response rate for the baseline survey was 52.9 

percent and 81.8 percent of those completing the baseline survey provided follow-up 

survey data. The aim of SEID1 was to examine the relationship between social 

disadvantage, the physical environment and recreational physical activity. To control for 

potential confounders of participation in recreational physical activity, the unemployed, 

those physically active at work, those with medical conditions that could influence 

physical activity participation, those aged older than 59 years, and those living in their 

household for less than a year were excluded from the study. The current analysis only 

includes those who participated in the follow-up survey. The University of Western 

Australia Ethics Committee granted ethics approval for this study. 

 

During baseline surveys, respondents were asked the type of exercise routine they 

preferred to undertake in the next two weeks, either 1) participating in three x 20 minute 

sessions of vigorous physical activity per week or 2) participating in light to moderate 

physical activity for 30 to 60 minutes each day. Respondents were asked to consider 

their exercise preference when answering other cognitive and behavioural items in the 

survey. Study participants responding to this item were divided into two groups 1) those 

preferring moderate exercise (n = 956); and 2) those preferring for vigorous exercise (n 

= 517). Because this item captured preference for recreational physical activity only and 

physical activity undertaken for other purposes was not examined (i.e. transport-related 

physical activity).  
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Measures  

 

Individual level variables 

 

Variables from three major behavioural models including the Theory of Trying 

(Bagozzi & Warshaw 1990), the Theory of Planned Behavior (Ajzen 1985) and Social 

Cognitive Theory (Bandura 1986) were combined within a single ecological framework. 

These variables included self-efficacy, attitude, subjective norm, behavioural 

expectation, and frequency of trying physical activity in the past. Wording for all items 

reflected trying to achieve a regular exercise routine because physical activity is 

considered a goal-orientated behaviour (i.e. not under complete volitional control) 

(Bagozzi & Warshaw 1990; Bagozzi & Kimmel 1995). 

 

To capture self-efficacy, respondents rated their confidence to participate in a regular 

exercise routine in the next six months when faced with barriers including: being tired, 

being in a bad mood, having no one to exercise with, and work, social, family, or 

financial commitments. A confirmatory factor analysis indicated that self-efficacy was 

best described by two-factors, instead of one-factor (two-factor solution: χ2 = 16.32 (p = 

0.003); χ2/df = 4.08; Root Mean-Square Residual = 0.005; Goodness-of-fit Index = 

0.99; Adjusted Goodness-of-Fit Index = 0.98; Root Mean-Square Error of 

Approximation = 0.046 and one-factor solution:  χ2 = 319.51 (p <0.001), χ2/df  = 22.81, 

Root Mean-Square Residual = 0.015, Goodness-of-fit Index = 0.94, Adjusted 

Goodness-of-Fit Index = 0.88, Root Mean-Square Error of Approximation = 0.12; and 

χ2 difference = 303.19, p <0.001). The two-factor solution was invariant across exercise 

preference (constrained versus unconstrained model: χ2 difference = 13.12, df = 11, p = 

0.28). One factor included two items that represented intrapersonal self-efficacy (i.e. 

exercising when in a bad mood, and when tired), and the second factor included three 

items that reflected interpersonal self-efficacy (i.e. work, social, and family 

commitments). Two items, confidence when there is no one to exercise with and 

confidence when having financial commitments, were not included in either factor. The 

intrapersonal (Cronbach’s alpha = 0.73) and interpersonal (Cronbach’s alpha = 0.84) 

self-efficacy constructs had acceptable internal consistency. The intrapersonal self-



 

198 

efficacy latent construct accounted for 58 percent of the overall extracted variance13 in 

its two items while the interpersonal self-efficacy constructed account for 64 percent of 

the overall extracted variance in its three items. The Pearson correlation between the 

two constructs was r = 0.72 and all measurement weights were from 0.68 to 0.89 

providing evidence of discriminant and convergent validity, respectively (Kline 2005). 

Based on the recommendation of others (Thompson 1997), structure coefficients (i.e. 

measurement weights multiplied by the factor correlation) were examined to further 

assess discriminant validity. The structure coefficients for items with pattern 

coefficients (i.e. measurement weights) fixed to zero were generally smaller than the 

structure coefficients on the items that were estimated from the measurement model (see 

Appendix 4-A Table 35).  

 

Behavioral intentions reflect whether an individual intends to perform a specific 

behaviour. However, intention has often been operationalized as behavioural 

expectation - an individual’s likelihood of performing a specific behaviour (Warshaw & 

Davis 2001). Behavioral expectation is hypothesized to take into account behavioural 

impediments, and therefore is considered to be a better predictor than behavioural 

intention when behaviour is not under complete volitional control (Sheppard et al. 1988; 

Warshaw & Davis 2001). Two items measured behavioural expectation. One item 

captured respondents’ likelihood of trying to do a regular exercise routine in the next 

two weeks and a second item captured respondents’ likelihood of sticking to a regular 

exercise routine should they try. The internal consistency of behavioural expectation 

was Cronbach’s alpha = 0.77. 

 

Three items measured attitude. Each item asked how the respondent would feel if they 

tried to do a regular exercise routine in the next two weeks (i.e. wise/foolish, 

satisfied/dissatisfied, and good/bad). The three items showed convergent validity 

(measurement weights = 0.58, 0.86, and 0.92) and acceptable internal consistency 

(Cronbach’s alpha = 0.81). Sixty-four percent of the overall variance of the three items 

was accounted for by the attitude construct. The measurement model reflecting the 

attitude was invariant across exercise preference (constrained versus unconstrained 

model: χ2 difference = 5.44, df = 6, p = 0.49) (i.e. equivalency of measurement weights (or 

                                                 
13 Represents the overall amount of variance in the items accounted for by the latent construct calculated 
using the following: Σ (standardized loadings2)/[Σ (standardized loadings2) + Σ item measurement error]. 
Extracted variance ≥50% for a single construct is recommended Hair, J. F. J., Anderson, R. E., Tatham, 
R. L. & Black, W. C. 1998, Multivariate Data Analysis, 5th edn, Prentice-Hall, Inc., New Jersey. 
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factor loadings) among those preferring a moderate exercise routine and those 

preferring a vigorous exercise routine in the two weeks). 

 

Two scales provided a direct measure of subjective norm (Ajzen 1985). On a seven-

point scale, respondents reported the likelihood that a spouse/partner, a family member, 

a neighbour, a workmate, a friend, and a doctor thought it important for them to try a 

regular exercise routine in the next two weeks. Respondents then reported on a five-

point scale, how important it was for them to do what each of these people would like 

them to do. The product of the likelihood and importance score for each person was 

summated and a total score reflecting subjective norm derived. Subjective norm showed 

acceptable internal consistency (Cronbach’s alpha = 0.74). The frequency of trying a 

regular physical activity in the past three months was also measured (i.e. never, 1 to 2 

times, once per month, 2 to 3 times per week, or weekly). 

 

Physical activity behaviour 

 

Physical activity collected at the follow-up survey (i.e. two to four weeks following 

baseline) was used as the behavioural outcome. During interviews, respondents reported 

the frequency and duration participating in vigorous-intensity physical activity (i.e. 

activities that made you breath hard or puff and pant) and walking for recreation in the 

past two weeks. The reliability of these measures were not assessed in this study 

however, the test-retest reliability of similar items capturing two-week recall of 

vigorous and walking minutes have been found to be acceptable (i.e. r = 0.63 to 0.90 

and r = 0.60 to 0.89, respectively) (Department of the Arts Sport the Environment and 

Territories 1992; Booth et al. 1996b). Convergent validity of these items have also been 

demonstrated (Booth et al. 1996a; Gore et al. 1999). Minutes of vigorous-intensity 

physical activity and walking for recreation in the past two-weeks were examined in the 

current analysis. Although walking for transport was examined in other chapters of this 

thesis, the focus of the cognitive items on recreational physical activity meant that 

transport-related walking was not examined here.  

 

Environmental level variables 

 

Five built environmental variables were examined including: 1) street connectivity; 2) 

recreational destination density; 3) recreational destination mix; 4) functionality (i.e. 
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structural aspects); and 5) aesthetics. Street connectivity reflects the directness and 

availability of alternative travel routes (Handy et al. 2002). Connectivity was 

operationalized as the proportion of four-way intersections present within 400 metres of 

the respondent’s household. The frequency of four-way intersections was determined by 

visual inspection of road network maps of the respondent’s neighbourhood. 

Recreational destination density was derived by counting all recreational destinations 

within walking distance of the respondent’s home (i.e. 1500 metre road network 

distance or 10 to 15 minute walk). Recreational destination mix was derived by 

counting the different types of recreational facilities within walking distance of the 

respondent’s home. Destination data for the two land use variables were collected using 

Geographical Information Systems (GIS) and included beaches, rivers, gymnasiums, 

health clubs, community halls, sports stadiums, tennis and squash facilities, aerobic 

centres, public pools, golf courses, large parks (>8000 metre2), and small parks (<8000 

metre2). 

   

Indices reflecting the structural aspects of the environment (herein referred to as 

functionality) and aesthetics were previously derived using Rasch analysis (see Chapter 

8). Briefly, Rasch analysis was used to examine the interrelationships among 

conceptually related environmental attributes and to develop indices that summarized 

environmental supportiveness for walking. Environmental data from an audit of 

neighbourhoods (i.e. within 400 metres of respondents home) and from external sources 

(i.e. geographical information systems) were collected (Pikora et al. 2002; Pikora et al. 

2003). A functionality index reflected structural and safety attributes of the 

neighbourhood environment (i.e. presence of destinations, sidewalks) (Pikora et al. 

2002; Pikora et al. 2003). The aesthetics construct included variables that reflected the 

visual appeal of the streetscape (i.e. verge maintenance, cleanliness).  

 

Data analysis 

 

Data preparation 

 

Missing values were replaced by item means and neutral response values (e.g. ‘neither 

sure nor unsure’) replaced non-applicable item responses. The majority of items had 

less than five percent of data replaced, however, three items relating to work 

commitments (self-efficacy), workmates (subjective norm) and spouses/partners 
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(subjective norm) had between 20 percent and 30.7 percent of data replaced. This 

mainly reflected the non-applicability of these items to some respondents (e.g. those not 

in relationships and for those where work commitments were not an issue). The 

majority of missing data for these two items were replaced with neutral response values 

and examination of the data following imputation showed that this made little difference 

to distribution of the data. Minutes of vigorous physical activity (n = 7) and walking for 

recreation (n = 17) were truncated to 1680 minutes per fortnight to correct for over-

reporting (Australian Institute for Health and Welfare 2003). Items reflecting the latent 

variables (i.e. self-efficacy, attitude, and behavioural expectation) and as well as the 

observed variables (i.e. subjective norm, frequency of past trying, and physical activity 

behaviour) were log transformed to normalize their distributions. Continuous and 

dichotomous measures of the built environmental variables were included in the 

analysis. Environmental variables were dichotomized based on their medians i.e. street 

connectivity (low <0.17 or high ≥0.17), recreational destination density (low <0.8 or 

high ≥0.8), recreational destination mix (low <0.5 or high = 0.5), functionality (low 

<0.68 or high ≥0.68) and aesthetics (low <2.32 or high ≥2.32). Table 27 presents means, 

standard deviations, and skew and kurtosis information for the behavioural, socio-

cognitive and environmental variables. 
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Table 27. Descriptive statistics of the socio-cognitive, behavioural, and 

environmental variables 

Variables Mean SD Skew Kurtosis 
Self-efficacy (intrapersonal)     
- Too tired 0.86 0.53 -0.32 -1.02 
- Bad mood 0.66 0.55 0.13 -1.02 
     
Self-efficacy (interpersonal)     
- Work commitments 0.95 0.50 -0.64 -0.58 
- Social commitments 0.79 0.53 -0.18 -1.09 
- Family commitments 0.86 0.54 -0.28 -1.08 
     
Attitude     
-Wise/foolish 0.64 0.55 0.09 -1.40 
-Satisfied/dissatisfied 0.37 0.46 0.80 -0.41 
-Good/bad 0.36 0.44 0.79 -0.36 
     
Subjective norm 4.29 0.47 0.47 0.94 
     
Behavioral expectation     
-Likelihood of trying 1.13 0.50 0.75 0.92 
-Likelihood of sticking to routine 1.10 0.42 0.83 0.27 
     
Frequency of past trying 1.17 0.66 -1.07 -0.67 
     
Vigorous activity (minutes/fortnight)a 3.21 2.82 -0.15 -1.78 
     
Recreational walking (minutes/fortnight)b 3.15 2.66 -0.21 -1.73 
     
Street connectivity/400 metres 0.22 0.22 0.73 -0.47 
     
Destination density/1500 metres 8.43 3.76 0.44 -0.09 
     
Destination mix/1500 metres 4.84 1.59 0.08 -0.36 
     
Aesthetics/400 metres 2.33 0.55 -0.12 -0.65 
     
Functionality/400 metres 0.67 0.38 0.06 -0.09 
For self-efficacy, attitude, behavioural expectation, and subjective norm higher scores represent negative 
responses and lower scores positive responses. Results represent log-transformed data except for 
frequency of past trying and the five environmental variables.  
a Respondents preferring a vigorous exercise routine only (n = 517) 
b Respondents preferring a moderate exercise routine only (n = 956)  
 



 

203 

Model specification 

 

The structural equation models (SEM) were considered to be partially latent because 

they included both latent (i.e. self-efficacy, attitude, and behavioural expectation) and 

observed variables (i.e. subjective norm, frequency of past trying, and physical activity 

behaviour, street connectivity, recreational destination density, recreational destination 

mix, functionality and aesthetics). Latent variables with multiple indicators take into 

account measurement error (Kline 2005). Subjective norm was specified as a latent 

variable with a single-indicator and with an estimated error variance (i.e. 0.057) 

calculated from the variables internal consistency to allow measurement error to be 

taken into account in the analysis (i.e. measurement error = variance x [1 - Cronbach’s 

alpha]). The measurement weight of the first indicator on each latent variable was 

arbitrarily set at one. 

 

A model was first specified that posited self-efficacy, attitude, subjective norm, and 

physical activity frequency of past trying directly predicting behavioural expectation. A 

multiple-group analysis tested the invariance of the measurement weights, structural 

weights (β)14 and covariances for this model among respondents preferring to 

participate in a moderate (n = 956) and or a vigorous (n = 517) exercise routine. The 

multiple-group analysis compared constrained (i.e. parameter estimates equivalent 

between) and unconstrained structural models (i.e. parameter estimates free to vary 

between groups) using the chi-square difference test and other fit indexes. Estimated 

parameters included structural weights, covariance, and variance terms in the model. An 

unconstrained model that is more congruent with the data than a constrained model 

indicates group differences in the estimated parameters being compared (i.e. moderating 

affect). 

 

Separate analysis was undertaken for respondents preferring to do moderate (n = 956) or 

vigorous (n = 517) exercise routines in the next two weeks to examine specific 

relationships between cognitions, frequency of past trying, physical activity and the 

built environment. As part of this analysis, the influence of behavioural expectation and 

frequency of past trying on future physical activity behaviour (i.e. minutes of walking 

for recreation or vigorous physical activity) was examined. Moreover, to test whether 

the built environment influenced physical activity through cognitions and frequency of 

                                                 
14 Analogous to a standardized regression coefficient 
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past trying, associations between each environmental attributes (i.e. street connectivity, 

recreational destination density, recreational destination mix, functionality and 

aesthetics) and cognitions were examined separately. Finally, multiple-group analysis 

tested the moderating affect of each of the five built environmental attributes separately 

on the relationships between frequency of past trying, behavioural expectation and 

future physical activity. Figure 8 shows the conceptual model including cognitions, 

latent and observed variables. 

 

The model examined is similar to recent ecological frameworks (Sallis et al. 2006; 

Brennan Ramirez et al. 2006) in that it posits the external environment – the built 

environment – influencing individual level determinants of physical activity behaviour. 

The model examined however, does not include the influence of other external factors 

posited to influence physical activity such as the institutional or organisational 

structures, political or economical determinants, or the social environment (Brennan 

Ramirez et al. 2006, Sallis et al. 2006; Sallis et al. 1998). While this is a constraint of 

the proposed model, its intended purpose was to describe a small part of the overall 

ecological framework proposed by others (Brennan Ramirez et al. 2006, Sallis et al. 

2006; Sallis et al. 1998). In particular, the model hypothesized how the neighbourhood 

built environment alone can influence physical activity through cognitions and from 

interacting with a person’s intentions and past behaviour. The model proposed is not 

intended to be a complete theory of how physical activity is determined, but rather a 

snap shot of specific associations between specific built environmental attributes known 

to be associated with this behaviour. 
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Figure 8. Conceptual ecological model integrating the built environment, 

cognitions, and physical activity behaviour 
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Model congruence 

 

Structural equation model parameters were derived using maximum likelihood 

estimation in AMOS 6 (SmallWaters Corporations, Chicago, IL). Several indices of 

overall adequacy of model-data congruence, reflecting current recommendations were 

used (Bollen 1989; Holmes-Smith et al. 2005; Kline 2005). These indexes included 

Pearson’s χ2;  Normed-χ2  (>1.0 and <3.0); Root Mean-Square Error of Approximation 

(RMSEA <0.08) (Browne & Crudeck 1993);  Root Mean Square Residual (RMR <0.05) 

(Kline 2005); Goodness-of-Fit Index (GFI >0.90) (Joreskog & Sorbom 1981; Holmes-

Smith et al. 2005; Kline 2005); and Adjusted Goodness-of-Fit Index (AGFI >0.90) 

(Joreskog & Sorbom 1981; Holmes-Smith et al. 2005; Kline 2005) Standardized 

residuals (>2.00) were also used to identify variable level incongruence.  

 

RESULTS 

 

Fit of model predicting behavioural expectation for entire sample 

 

The two self-efficacy constructs, attitude, subjective norm, and frequency of past trying 

explained 64 percent of the variance in behavioural expectation among all respondents 

(i.e. moderate and vigorous preference combined n = 1473). Although the model fit 

showed a significant chi-square, all other fit indexes indicated adequate congruence 

with the data (model fit: χ2 = 139.72, p <0.001; χ2/df = 3.41; RMR <0.01; GFI = 0.98, 

AGFI = 0.97; RMSEA = 0.04). Behavioral expectation was significantly associated 

with all other cognitive variables and frequency of past trying, but most strongly 

associated with intrapersonal self-efficacy (β = 0.46, p <0.001), and only weakly 

associated with subjective norm (β = 0.04, p = 0.05). The majority of correlations 

between the exogenous variables (i.e. intrapersonal self-efficacy, interpersonal self-

efficacy, attitude, subjective norm, and frequency of past trying) in the model, with an 

unspecified group structure, were between r = -0.37 and 0.32, except for the correlation 

between intrapersonal and interpersonal self-efficacy (r = 0.72) (see Appendix 4-A 

Table 36 for these correlations). To test the extent to which this correlation confounded 

the results the model was tested with one self-efficacy variable removed. When 

interpersonal self-efficacy was removed from the model the beta coefficient between 

intrapersonal self-efficacy and behavioural expectation increased slightly (β = 0.46 to 

0.55). While all other associations remained the same, a minimal decrease in the beta 
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coefficient between attitude and behavioural expectation was also noted after the model 

was tested without interpersonal self-efficacy. Hence, some confounding between the 

two self-efficacy variables was present when both were included in the same model. 

This confounding appeared to be minimal and as a result both self-efficacy constructs 

remained in the model.  

 

The fully constrained model did not significantly differ from the fully unconstrained 

model when those preferring moderate and vigorous exercise routines were compared 

(χ2 difference = 38.16, df = 32, p = 0.210). When examined separately, the structural 

weights (χ2 difference = 5.49, df = 5, p = 0.359), measurement weights (χ2 difference = 5.22, 

df = 5, p = 0.389), and covariances (χ2 difference = 11.08, df = 11, p = 0.437) were not 

significantly different when those preferring a moderate and vigorous exercise routine 

were compared (Table 28).  
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Table 28. Fit statistics for tested models 

 

 N χ2 (df) Norm-χ2 RMR GFI AGFI RMSEA 
Model predicting behavioural expectation with entire sample and an unspecified group 
structure 

       

Cognitive model  1473 139.72 (41) 3.41 <0.01 0.98 0.97 0.04 
        
Model  predicting behavioural expectation with and without parameter constraints1        
Cognitive model fully constrained  1473 440.77 (124) 3.56 0.02 0.96 0.94 0.04  
Cognitive model unconstrained model  1473 402.61 (92) 4.38 0.02 0.96 0.93 0.05 
Cognitive model  structural weights unconstrained only 1473 434.85 (119) 3.65 0.02 0.96 0.94 0.04 
Cognitive model measurement weights unconstrained only 1473 438.85 (119) 3.68 0.02 0.96 0.94 0.04 
Cognitive model covariances unconstrained only  1473 429.56 (113) 3.80 0.02 0.96 0.94 0.04 
        
Models for vigorous exercise preference group        
Cognitive model ( predicting behavioural expectation) 517 70.68 (41) 1.72 <0.01 0.98 0.96 0.04 
Cognitive model ( predicting behavioural expectation plus minutes of vigorous) 517 91.38 (51) 1.79 0.02 0.97 0.95 0.04 
        
Models for moderate exercise preference group         
Cognitive model ( predicting behavioural expectation) 956 95.99 (41) 2.34 <0.01 0.98 0.97 0.04 
Cognitive model ( predicting behavioural expectation plus minutes of recreational walking) 956 106.60 (51) 2.09 0.01 0.98 0.97 0.03 
        
1 Constraint means that parameters of the vigorous exercise preference group are equal to parameters of the moderate exercise preference group 
Chi-square (χ2); Degree of freedom (df); Root Mean-square Residual (RMR); Goodness-of-Fit Index (GFI); Adjusted Goodness-of-Fit Index (AGFI); Root Mean-Square Error of 
Approximation (RMSEA) 



 

209 

 

Noteworthy, was that the beta coefficient linking subjective norm to behavioural 

expectation was significant when tested for the entire sample (β = 0.05, p = 0.047), but 

no longer significant when tested separately by exercise preference (vigorous preference 

β = 0.06, p = 0.257, and moderate preference β = 0.04, p = 0.170). This likely reflects 

the reduced sample size when the sample was stratified. The association between 

interpersonal self-efficacy and behavioural expectation was significant when tested in 

the entire sample (β = 0.13, p = 0.005), but no longer significant when tested separately 

for the moderate exercise preference group (β = 0.08, p = 0.189) (Figure 8a and b).  

 

Direct and indirect effects of the built environment on vigorous physical activity 

among respondents preferring a vigorous exercise routine  

 

Figure 9b shows the beta weights between cognitions, frequency of past trying and 

minutes of vigorous physical activity for respondents preferring a vigorous exercise 

routine. Higher levels of behavioural expectation15 (β = -0.47, p <0.001) and stronger 

frequency of past trying (β = 0.12, p = 0.012) were associated with participation in more 

minutes vigorous physical activity. Behavioral expectation and frequency of past trying 

together explained 30 percent of the variance in vigorous physical activity (model fit: χ2 

= 91.38, p <0.001; χ2/df = 1.79; RMR = 0.02; GFI = 0.97; AGFI = 98; RMSEA = 0.04).  

 

Examination of the direct association between the built environment and physical 

activity showed that residing in a neighbourhood with a better functionality was 

associated with participation in fewer minutes of vigorous physical activity. Including 

functionality to the model explained an additional 1.1 percent of variance in vigorous 

physical activity (β = -0.10, p = 0.011) (Table 29). No other environmental attributes 

were directly associated with vigorous physical activity. Examination of the indirect 

associations between the built environment and physical activity showed that residing in 

a neighbourhood with higher aesthetics was associated with higher levels of 

intrapersonal (β = -0.10, p <0.05) and interpersonal self-efficacy16 (β = -0.14, p <0.01). 

However, higher level of aesthetics was associated with less frequent trying of physical 

activity (β = -0.13, p <0.01). Moreover, a greater mix of neighbourhood recreational 

                                                 
15 Higher values reflect lower behavioural expectation and lower values reflect higher behavioural 
expectation.   
16 Higher values reflect lower self-efficacy and lower values reflect higher self-efficacy 
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destinations was associated with higher levels of intrapersonal self-efficacy (β = -0.10, p 

<0.05) (Table 30).  

 

Street connectivity was found to moderate the relationship between past trying and 

physical activity reported in the follow-up survey. For respondents residing in 

neighbourhoods with better street connectivity, the relationship between frequency of 

past trying and minutes of vigorous physical activity was stronger (β = 0.19, p <0.01), 

compared with those residing in neighbourhoods with worse street connectivity (β = 

0.06, p >0.05). No other environmental variables were found to moderate the 

relationship between past trying, behavioural expectation, and vigorous physical activity 

(Table 31).  

 

Direct and indirect effects of the built environment on recreational walking among 

respondents preferring a moderate exercise routine  

 

Figure 9a shows the beta weights between cognitions, frequency of past trying and 

minutes of walking for recreation among respondents preferring a moderate exercise 

routine. Higher levels of behavioural expectation (β = -0.33, p <0.001), but not 

frequency of past trying (β = 0.05, p = 0.181), was associated with participation in more 

minutes of recreational walking. Together behavioural expectation and frequency of 

past trying explained 8 percent of the variance in minutes of recreational walking 

(model fit χ2 = 106.60, p <0.001; χ2/df = 2.09; RMR = 0.01; GFI = 0.98; AGFI = 0.97; 

RMSEA = 0.03).  

 

Examination of the direct association between the built environment and physical 

activity showed that residing in a neighbourhood with better street connectivity was 

weakly, but positively associated with minutes of recreational walking (β = 0.07, p = 

0.03) - explaining an additional 0.3 percent of variance (Table 29). Aesthetics, 

destination density, destination mix, and functionality were not directly associated with 

walking for recreation. Examination of the indirect associations between the built 

environment and physical activity showed that residing in a neighbourhood with a 

higher density of recreational destinations was associated with lower levels of 

subjective norm (β = 0.07, p <0.05) (Table 30). Moreover, residing in a neighbourhood 

with a higher mix of recreational destinations was associated with a lower level of 

behavioural expectation (β = 0.10, p <0.01). Finally, a higher level of neighbourhood 
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aesthetics was associated with higher levels of intrapersonal self-efficacy (β = -0.11, p 

<0.01) and more frequent past trying (β = 0.09, p <0.01) (Table 30). 

 

Evidence for the moderating role of the built environment in associations between 

cognitions and walking for recreation was limited. The density of recreational 

destinations located in the neighbourhood was found to moderate the relationship 

between the frequency of past trying and recreational walking (Table 31). A stronger 

positive relationship between past trying and minutes of recreational walking was found 

among those residing in neighbourhoods with more recreational destinations (β = 0.11, 

p <0.05), compared with those residing in neighbourhoods with fewer recreational 

destinations (β = 0.00, p >0.05). No other environmental variables were found to 

moderate the relationship between past trying, behavioural expectation and recreational 

walking. 
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Figure 9. Structural model showing beta coefficients between cognitions and 

physical activity 

Note: VIGPA = vigorous physical activity minutes; WR = recreational walking 
minutes; *p <0.05; **p <0.01; ***p <0.001 
  

Self-efficacy 
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Physical activity 
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Attitude 

Subjective
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Physical activity 
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0.19**
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0.06

VIGPA= -0.47***
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A. Respondents (n=954) preferring to do a moderate exercise routine in the next two weeks

B. Respondents (n = 517) preferring to do a vigorous exercise routine in the next two weeks
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Table 29. Structural weights for the direct associations between the built 

environmental variables and physical activity behaviours 

Environmental 
variables 

Vigorous physical activity  
(minutes per fortnight)  

(n = 517) 

Walking for recreation 
(minutes per fortnight) 

(n = 956) 
 B SE β B SE β 
Street connectivity 
/400 metres 0.16 0.48 0.01 0.22 0.10 0.07§ 

       
Destination 
density/1500 metres 0.00 0.03 0.00 0.01 0.02 0.01 

       
Destination mix 
/1500 metres 0.02 0.07 0.01 0.02 0.05 0.01 

       
Aesthetics  
/400 metres -0.16 0.20 -0.03 0.28 0.15 0.06 

       
Functionality  
/400 metres -0.70 0.28 -0.10§ -0.12 0.22 -0.02 

       
‡p <0.001; †p <0.01, §p <0.05. Structural weights estimated within the cognitive model 
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Table 30. Structural weights between built environmental variables, cognitive variables and frequency of past trying 

 Respondents preferring a vigorous exercise 
routine (n = 517)  

Respondents preferring a moderate exercise 
routine (n = 956) 

Associations B SE β B SE β 
Street connectivity/400 metres → Self-efficacy (intrapersonal)  -0.08 0.09 -0.04 -0.03 0.07 -0.02 
Street connectivity/400 metres → Self-efficacy (interpersonal)  -0.01 0.08 -0.01 -0.03 0.05 -0.02 
Street connectivity/400 metres → Attitude 0.06 0.08 0.04 -0.00 0.06 -0.00 
Street connectivity/400 metres → Behavioral expectation 0.03 0.06 0.03 -0.07 0.05 -0.05 
Street connectivity/400 metres → Frequency of past trying 0.21 0.13 0.07 0.10 0.10 0.03 
Street connectivity/400 metres → Subjective norm -0.04 0.09 -0.02 0.04 0.07 0.02 
       
Destination density/1500 metres → Self-efficacy (intrapersonal)  -0.01 0.01 -0.07 -0.00 0.00 -0.02 
Destination density/1500 metres → Self-efficacy (interpersonal)  -0.01 0.01 -0.05 -0.00 0.00 -0.03 
Destination density/1500 metres → Attitude -0.00 0.01 -0.02 0.00 0.00 0.01 
Destination density/1500 metres → Behavioral expectation -0.00 0.00 -0.04 0.01 0.00 0.06 
Destination density/1500 metres → Frequency of past trying 0.01 0.01 0.07 0.00 0.01 0.01 
Destination density/1500 metres → Subjective norm 0.01 0.01 0.08 0.01 0.00 0.07§ 
       
Destination mix/1500 metres → Self-efficacy (intrapersonal)  -0.03 0.01 -0.10§ -0.01 0.01 -0.04 
Destination mix/1500 metres → Self-efficacy (interpersonal)  -0.02 0.01 -0.07 -0.01 0.01 -0.05 
Destination mix/1500 metres → Attitude -0.01 0.01 -0.02 0.00 0.01 0.00 
Destination mix/1500 metres → Behavioral expectation -0.00 0.01 -0.02 0.02 0.01 0.10† 
Destination mix/1500 metres → Frequency of past trying 0.03 0.02 0.07 0.01 0.01 0.01 
Destination mix/1500 metres → Subjective norm 0.02 0.01 0.08 0.01 0.01 0.02 
       
Aesthetics/400 metres → Self-efficacy (intrapersonal)  -0.08 0.04 -0.10§ -0.08 0.03 -0.11† 
Aesthetics/400 metres → Self-efficacy (interpersonal)  -0.09 0.03 -0.14† -0.06 0.02 -0.11 
Aesthetics/400 metres  → Attitude -0.02 0.04 -0.02 -0.03 0.02 -0.04 
Aesthetics/400 metres  → Behavioral expectation -0.04 0.02 -0.08 -0.01 0.02 -0.02 
Aesthetics/400 metres  → Frequency of past trying 0.16 0.05 0.13† 0.11 0.04 0.09† 
Aesthetics/400 metres  → Subjective norm -0.02 0.04 -0.02 0.00 0.03 0.00 
       
Functionality/400 metres → Self-efficacy (intrapersonal)  -0.08 0.06 -0.08 -0.01 0.04 -0.01 
Functionality/400 metres  → Self-efficacy (interpersonal)  0.03 0.04 0.04 -0.01 0.03 -0.02 
Functionality/400 metres  → Attitude 0.05 0.05 0.05 0.03 0.04 0.02 
Functionality/400 metres  → Behavioral expectation 0.03 0.03 0.04 -0.02 0.03 -0.03 
Functionality/400 metres  → Frequency of past trying 0.06 0.07 0.04 -0.01 0.06 -0.00 
Functionality/400 metres  → Subjective norm 0.05 0.05 0.05 0.01 0.04 0.01 
For self-efficacy, attitude, behavioural expectation, and subjective norm higher scores represent negative responses and lower scores positive responses 
†p <0.01, §p<0.05, coefficient significantly different from zero. Unstandardized coefficient (B); Standardized coefficient  (β); Standard error (SE) 
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Table 31. Comparisons across environmental attributes of direct structural paths 

from frequency of past trying and behavioural expectation to minutes of vigorous 

physical activity and recreational walking 
 Vigorous physical activity Walking for recreation 
 Past  trying  

→VIGPA 
Behavioral 
expectation  
→VIGPA 

Past  trying  
→WR 

Behavioral 
expectation  
→WR 

 B SE β B SE β B SE β B SE β 
Connectivity             
Low  0.85 0.96 0.06 -3.89‡ 0.64 -0.44 0.19 0.19 0.05 -1.62‡ 0.41 -0.21 
High 2.99† 0.95 0.19 -4.43‡ 0.65 -0.48 0.19 0.19 0.05 -2.13‡ 0.42 -0.27 
  p = 0.07  p = 0.46  p = 0.99  p =0.31  
Destination 
density  

            

Low   1.46 0.91 0.10 -4.18‡ 0.62 -0.46 -0.00 0.20 0.00 -1.49‡ 0.40 -0.20 
High 2.62† 1.02 0.17   -4.08‡ 0.68 -0.45 0.46§ 0.19 0.11 -2.30‡ 0.43 -0.29 
 p = 0.33  p = 0.88  p = 0.07  p = 0.12  
Destination  
mix 

            

Low   1.33 0.86 0.09 -3.90 0.58 -0.44 0.13 0.18 0.03 -1.82‡ 0.38 -0.24 
High 3.24† 1.14 0.20 -4.55 0.76 -0.49 0.33 0.22 0.08 -1.98‡ 0.47 -0.26 
 p = 0.13  p = 0.40  p =  0.45  p = 0.76  
Aesthetics             
Low   1.37 0.96 0.09 -4.18‡ 0.65 -0.46 0.33 0.19 0.08 -1.94‡ 0.42 -0.25 
High 2.58† 0.96 0.16 -4.10‡ 0.65 0.45 0.06 0.19 0.01 -1.68‡ 0.42 -0.22 
 p = 0.30  p = 0.92  p = 0.29  p = 0.61  
Function-
ality 

            

Low 1.97§ 0.95 0.13 -4.17‡ 0.64 -0.46 0.28 0.19 0.07 -2.00‡ 0.42 -0.26 
High 1.99§ 0.96 0.13 -4.07‡ 0.64 -0.45 0.12 0.19 0.03 -1.74‡ 0.42 -0.23 
 p = 0.99  p = 0.88  p = 0.53  p = 0.60  
‡p <0.001; †p <0.01, §p <0.05, coefficient significantly different from zero 
Unstandardized coefficient (B); Standardized coefficient  (β); Standard error (SE) 
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DISCUSSION 

 

The associations between cognitions and physical activity reflected those reported 

elsewhere (Bagozzi & Kimmel 1995; Hausenblas et al. 1997; Hagger et al. 2002). The 

association between subjective norm and behavioural expectation was not significant, 

suggesting that subjective norm might be less important than other cognitive factors for 

explaining physical activity (Bagozzi & Kimmel 1995; Hausenblas et al. 1997; Hagger 

et al. 2002). Higher levels of interpersonal self-efficacy were associated with higher 

levels of behavioural expectation among respondents preferring a moderate exercise, 

but not a vigorous exercise routine. Moderate activities, such as recreational walking, 

might be more convenient than vigorous activities and therefore require less self-

efficacy to overcome work, social, and family commitments. For example, walking is 

inexpensive, can be undertaken with family members and friends, can be undertaken 

using facilities close to home such as streets and footpaths, and can be done at anytime. 

Conversely, many forms of vigorous physical activity are structured, are restricted by 

operating hours of facilities, incur a cost, and are undertaken at facilities located outside 

the neighbourhood - all of which could act as barriers and add to an individuals’ other 

personal commitments. Behavioral expectation and frequency of past behaviour were 

more strongly associated with vigorous physical activity than with recreational walking. 

Others have also reported only low to moderate associations between intentions and 

free-living physical activity (King et al. 1992; Dishman & Sallis 1994).  

 

Similar to other studies (Leslie et al. 1999; Booth et al. 2000; Giles-Corti & Donovan 

2002a; Troped et al. 2003; Garcia Bengoechea et al. 2005), our results showed that the 

direct association between the built environment and physical activity, albeit weak, exist 

even after taking into account important cognitive factors. Higher levels of functionality 

were associated with participation in fewer minutes of vigorous physical activity. At 

first glance, this result appears counter-intuitive, however, the functionality variable was 

constructed from environmental attributes that were supportive of walking behaviour 

(Pikora et al. 2002; Pikora et al. 2003). Speculatively, neighbourhoods that support 

walking behaviour may be less supportive of vigorous-intensity physicals activity. 

However, there is evidence that environmental attributes (e.g. slope or gradient) could 

act as either as barriers and facilitators of physical activity depending on the type of 

behaviour and the type individuals examined (e.g. adults versus children; men versus 

women) (Humpel et al. 2004a; Garcia Bengoechea et al. 2005; Lee & Moudon 2006b). 
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Furthermore, street connectivity (i.e. number of four-way intersections) was positively, 

but weakly, associated with minutes of recreational walking.  

 

The current study also showed that specific built environmental attributes were 

associated with specific cognitions. Objectively measured aesthetics were not directly 

associated with physical activity, although evidence suggests objectively measured and 

self-reported aesthetics are associated with physical activity (McCormack et al. 2004; 

Owen et al. 2004; Hoehner et al. 2005). However, the aesthetics index was positively 

associated with self-efficacy and frequency of past trying. McNeill et al. (2006) found 

that intrinsic motivation and self-efficacy mediated the association between perceived 

neighbourhood quality (i.e. crime, pleasantness, and traffic) and  walking, moderate, 

and vigorous activity. Hence, individuals might have higher levels of self-efficacy 

toward physical activity if they reside in more appealing or attractive neighbourhoods. 

Our findings also suggest that residing in neighbourhoods with higher levels of 

aesthetics could encourage individuals to try moderate and vigorous exercise routines 

more frequently.  

 

A higher mix of recreational destinations located within 1500 metres of respondent’s 

homes was associated with higher levels of intrapersonal self-efficacy, but not directly 

associated with either recreational walking or vigorous physical activity. The lack of 

direct association between destination mix and physical activity is somewhat surprising 

given that positive associations between the mix of destinations and physical activity 

have been reported (Saelens et al. 2003b; Frank et al. 2005). However, previous 

research have operationalized land use mix have defined land uses in broader terms (e.g. 

residential, industrial, commercial, recreational) and examined mainly transport-related 

walking or cycling. The current study focused specifically on the mix of specific active 

recreational destinations (e.g. parks, sports centres, recreational facilities). Destinations 

may be less important for encouraging recreational walking than transport-related 

walking (i.e. see Chapters 2 and 5). 

 

More variety of recreational destinations located in the neighbourhood resulted in 

higher levels of intrapersonal self-efficacy. Although focusing on self-reported 

environmental attributes, McNeill et al. (2006) also found associations between the 

availability of facilities and physical activity (i.e. walking, moderate activity, and 

vigorous activity) mediated by intrinsic motivation and self-efficacy. The convenience 
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of recreational destinations close to home may increase the confidence of some 

individuals to overcome barriers related to physical activity (i.e. exercising when in a 

bad mood or when tired). Recreational destinations located close to home may serve as 

a motivational cue for physical activity.  

 

A somewhat unexpected finding was that among respondents preferring a moderate 

exercise routine, a greater variety of neighbourhood recreational destinations was 

associated with lower behavioural expectation. This finding might reflect the presence 

of other environmental attributes associated with higher levels of recreational 

destination density (e.g. increased traffic, physical barriers) that negatively affect 

moderate physical activities such as walking. The associations between the built 

environment and cognitions were low. Nevertheless, our findings partially support the 

proposition that external opportunities and barriers influence cognitions (Ajzen 1991). 

Stronger support for this relationship is reported by studies examining associations 

between self-reported environmental measures and cognitions (Brassington et al. 2002; 

Prodaniuk et al. 2004; De Bruijn et al. 2006; McNeill et al. 2006). However, cognitions 

such as attitudes and self-efficacy likely play important roles in forming perceptions 

about the external environment. The low associations between the built environment 

and cognitions might also reflect the fact that cognitions are not formed by an exposure 

to a single environment (i.e. the neighbourhood), but rather develop through experiences 

in different physical and social settings (i.e. previous neighbourhoods, workplaces) over 

time. Longitudinal study designs with repeated measurement of cognitions, built and 

self-reported environmental attributes and physical activity are necessary to understand 

the mechanisms underlying the associations between the built environment and physical 

activity-related cognitions  

 

A stronger association between the frequency of past trying and vigorous physical 

activity among respondents residing in neighbourhoods with high connectivity, 

compared with those residing in neighbourhoods with low connectivity was found. In 

addition, a stronger association between the frequency of past trying and recreational 

walking among respondents residing in neighbourhoods with a high density of 

destinations compared with those residing in neighbourhoods with a low density of 

recreational destinations was found. Individuals, residing in less supportive 

neighbourhoods and who try frequently to be active, might find it more difficult to be 
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active at their desired levels. These results provide support, albeit weak, for the enabling 

role of the built environment for physical activity. 

 

Study strengths and limitations 

 

Two major strengths of this study include firstly the use of prospective behavioural data 

and secondly the integration of cognitive, environmental, and behavioural variables into 

a single behavioural model. The study design allows inferences to be made regarding 

the temporal causality between cognitions (i.e. collected during the baseline survey) and 

physical activity (i.e. collected two to four weeks later during the follow-up survey). 

The direction of the associations between the cognitive variables, were based on 

currently accepted theory (Ajzen 1985; Bagozzi & Warshaw 1990), however, the study 

design did not allow these temporal relationships between the environment and 

cognitions to be empirically tested. Therefore, neighbourhood self-selection may have 

influenced associations observed between the built environment and physical activity-

related cognitions. In addition, the models specified in this study represent only one 

explanation of the hypothesized associations between the examined variables hence, 

superior explanatory models may exist. In addition, given the large number of statistical 

comparisons made in this study, statistically significant findings resulting from chance 

can not be ruled out. While this is a limitation of the current study, to our knowledge no 

other published studies have examined the influence of objective environmental 

attributes on cognitions. With limited knowledge a priori of associations between the 

built environmental attributes and cognitions, a less focused approach that examined 

many associations was considered the most appropriate. 

 

The use of objective environmental data is a positive aspect of this study. A possible 

limitation however, is the inclusion of only five objective environmental attributes. 

Recent reviews have found associations between a variety of environmental attributes 

and physical activity (Humpel et al. 2002; McCormack et al. 2004). The environmental 

variables included in thesis did however, capture a range of aspects related to the 

transportation system (i.e. street connectivity), land use patterns (i.e. recreational 

density and mix), and urban design characteristics (i.e. aesthetics and 

functionality)(Frank et al. 2003). Nevertheless, future studies should replicate 

associations examined in this study using other built environmental attributes 

hypothesized to influence physical activity and to examine these associations with 
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transport-related physical activity. Attenuated associations between the built 

environment, cognitions, and physical activity could have resulted because of the use of 

non-context specific items. For example, cognitive items were not specific to the 

neighbourhood and the physical activity behaviours themselves could have been 

undertaken either within or outside the neighbourhood. To overcome this limitation 

future research should attempt to match specific behaviours and cognitions with specific 

environments (Giles-Corti et al. 2005b; Heath et al. 2006). 

 

CONCLUSION 

 

There is mounting evidence of an association between the built environment and 

physical activity (Humpel et al. 2002; McCormack et al. 2004; Heath et al. 2006), but 

there is a limited understanding of the mechanisms that explain these associations. This 

study found additional support for the mediating role of cognitions in the relationship 

between the built environment and physical activity (Brassington et al. 2002; Prodaniuk 

et al. 2004; De Bruijn et al. 2006; McNeill et al. 2006). However, results regarding the 

moderating role of the built environment in cognition physical activity associations 

were inconclusive. Given that cognitions are strongly related to physical activity 

behaviour (Hausenblas et al. 1997; Hagger et al. 2002), creating environments that can 

enhance a person’s physical activity-related cognitions might encourage some 

individuals to be more active.  
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CHAPTER 10 
 

SUMMARY AND CONCLUSIONS 
 

This chapter summarizes the study findings. The limitations and implications of these 

findings are discussed and recommendations for future research are proposed. The 

research presented in this thesis has attempted to contribute to the understanding about 

the relationships between the built environment and physical activity behaviours. It has 

attempted to better understand issues related to the proximity, density and mix of 

destinations and their relationship with specific physical activity behaviours and 

destination use. This research was unique because it built on previous approaches for 

aggregating built environmental data (i.e. SPACES: Pikora et al. 2002; Pikora et al. 

2003) using Rasch analysis to empirically derive indices of the supportiveness of the 

built environment. Rasch analysis was also undertaken in an attempt to inform this 

rapidly emerging field about the potential value of using more sophisticated methods to 

examine the statistical properties of environmental data (Mâsse et al. 2002). 

Furthermore, a unique ecological model of physical activity including cognitive, social, 

and built environmental variables was also examined using Structural Equation 

Modelling. Structural Equation Modelling allows simultaneous analysis of the 

relationships between multiple independent variables and dependent variables, but is 

currently underutilized in this field.  

 

STUDY LIMITATIONS 

 

The research presented in this thesis involved secondary analyses of data collected as 

part of three major research studies: SEID1, SEID2, and PLACE projects. Many of the 

strengths and the limitations of this thesis are related to study design, sample 

recruitment, and data collection procedures inherent in the data used. However, there 

are also limitations that are unique to the current research. These relate to the conceptual 

and operational definitions of the environmental and physical activity variables and to 

the analytical techniques applied. Although the limitations of the various studies have 

been described in Chapters 4 through 9 more general research limitations - those that 

influence the external validity of all findings presented in this thesis - are discussed. 
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SEID1 and the PLACE study collected data from Australian respondents. SEID1 data 

were collected from respondents residing in metropolitan Perth, Western Australia. 

PLACE data were collected from respondents residing in metropolitan Adelaide, South 

Australia. Both cities have relatively high standards of living, have Mediterranean 

climates and are located on the coast. The economic and climatic conditions of these 

regions may affect the generalizability of the results to other Australian cities, to non-

metropolitan areas, and to other countries. 

 

Inclusion and exclusion criteria affect the external validity of the results. SEID1 was 

principally designed to examine the influence of individual, social, and environmental 

determinants of recreational physical activity among healthy sedentary workers and 

homemakers. It therefore excluded those who were unemployed, engaged in more than 

three 20-minute sessions of vigorous-intensity physical activity or more than one hour 

of moderate-intensity physical activity at work outside the home, had medical 

conditions that prevented physical activity participation, were pregnant at the time of 

the interview, were younger than 18 years or older than 59 years, or had resided in their 

current home for less than one year. These criteria lead to the exclusion of certain 

segments of the population for whom increasing levels of physical activity might be 

particularly important (i.e. the elderly, children, the physically challenged, and the 

unemployed) and limited the findings to sedentary workers and homemakers aged 18 to 

59 years.   

 

Study volunteers are generally found to be more motivated, and to participate in higher 

levels of physical activity compared with non-volunteers (Van Loon et al. 2003; Van 

Heuvelen et al. 2005; Chinn et al. 2006). The behavioural, demographic and 

psychological data analyzed as part of this thesis were all self-reported and are therefore 

vulnerable to reporting bias, recall error, social desirability bias and comprehension 

problems (Baranowski 1988; Klesges et al. 1990; Tudor-Locke and Myers, 2001). Self-

report measures of physical activity are generally shown to have acceptable test-retest 

reliability however, validity for these measures are usually low (Sallis and Saelens, 

2000). The low validity of such measures results from the lack of a physical activity 

“gold” or criterion standard with which self-report measures can be compared. Self-

report surveys are often compared with measures of fitness, activity monitors 

(accelerometers, pedometers and heart rate telemetry), biomarkers (i.e. doubly-labelled 

water, direct and indirect calorimetry) and other self-report measures such as diaries and 
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logs (Sallis and Saelens, 2000; Tudor-Locke and Myers, 2001). Items measuring 

physical activity data in SEID1 have been shown to have reasonable test-retest 

reliability and convergent validity (Department of the Arts Sport the Environment and 

Territories 1992; Booth et al. 1996a; Booth et al. 1996b; Gore et al. 1999; Australian 

Institute for Health and Welfare 2003). Furthermore, over-reporting of physical activity 

was adjusted (i.e. truncated) based on current recommendations (Australian Institute for 

Health and Welfare 2003).  

 

The self-report measures of physical activity used in this research may not have 

captured all physical activity undertaken. The inclusion of an objective measurement of 

physical activity together with the self-report methods used in this research would have 

strengthened the findings (Janz, 2006). Objective measures of physical activity, and in 

particular activity monitors, can circumvent problems related to recall or memory error 

as well as capture activity often excluded by self-report methods (e.g. incidental 

physical activity) (Tudor-Locke and Myers, 2001; Janz, 2006). Moreover, 

accelerometers can provide measures of intensity and duration of physical activity that 

complement the dimensions of physical activity captured by self-report measures (Janz, 

2006). While self-report measures of physical activity have limitations, they are low 

cost, easy to administer to large samples, and can describe the nature and pattern of the 

behaviour (i.e. type, intensity, frequency, duration, and context), making it an 

appropriate method of data collection for large scale studies.   

 

It is possible that the age of the SEID1 and SEID2 data may restrict generalizations that 

can be drawn from the findings presented in this thesis. The SEID1 data were collected 

in 1996 and the SEID2 data in 2000. Since this time, strategies to promote physical 

activity nationally and within Western Australia have been undertaken. National 

physical activity guidelines reflecting findings from the U.S. Surgeon General’s report 

on physical activity (U.S. Department of Health and Human Services 1996) and the new 

physical activity-health paradigm were developed and promoted to the Australian public 

(Commonwealth Department of Health Aged Care 1999; Egger et al. 2001). 

Furthermore, these guidelines recommended participation in moderate physical activity 

on most days, be active in as many ways as you can, and see being active as an 

opportunity. The guidelines have been promoted to the Western Australia public and 

reinforced with state-wide media campaigns such as “Find Thirty” (Department of 

Health, Western Australia). Government and non-government organizations have 
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played a more prominent role in the promotion of physical activity within Western 

Australia in the last decade (e.g. Premier’s Physical Activity Taskforce and the National 

Heart Foundation). Nevertheless, while physical activity promotion within the state 

appears to have intensified since the collection of the SEID1 data in 1996, evidence 

indicates that, at least since 1999, physical activity levels in Western Australia have 

decreased slightly (Bull et al. 2000; McCormack et al. 2003). This suggests that while 

the behavioural data collected in SEID1 might be older, it still may have implications 

for the Western Australian adult population. 

 

The release of publications such as “The Liveable Neighbourhood Guidelines” (The 

Government of Western Australia 2000), “Healthy by Design - A Planners Guide to 

Environments for Active Living”(National Heart Foundation of Australia 2004), and 

“Healthy Places, Healthy People - Promoting Public Health and Physical Activity 

Through Community Design”(Robert Wood Johnson Foundation 2000) have resulted in 

urban planners paying greater attention to the design of pedestrian friendly 

environments. For the most part these publications focus on the development of new 

estates or suburbs, and less so on the retrofitting or redevelopment of established areas. 

SEID1 was designed to only include established neighbourhoods and only those 

neighbourhoods were audited in SEID2. While established suburbs may undergo urban 

renewal and redevelopment, this has not occurred in most suburbs included in the SEID 

projects. Hence, it is expected that environmental attributes in neighbourhoods audited 

in SEID2 would be similar to attributes currently found in these same neighbourhoods. 

Although it is acknowledged that some behavioural and environmental changes have 

occurred in Western Australia since data for the SEID1 and SEID2 projects were 

collected, it is likely that the associations reported in this thesis are still relevant.  

 

Analyses in this thesis included statistical testing of multiple relationships. This testing 

was guided by theory and supported by previous empirical findings. However, from a 

statistical standpoint the unadjusted p-values for multiple comparisons analyzed in 

Chapters 5, 7, and 9 is a limitation. Multiple comparisons can inflate overall Type 1 

error rate increasing the probability of incorrectly rejecting the null hypothesis (Dawson 

and Trapp 2001). In other words, more comparisons in a single study or experiment 

result in an increased likelihood of observing statistically significant associations that 

may not actually exist. Therefore, significant results need to be interpreted with more 

caution as the number of comparisons increase. Nevertheless, as Goodman (1998) and 
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Thompson (1998) point out, findings from multiple comparisons (e.g. post hoc) need to 

be interpreted in the context of previous findings and the existing theory. Hence, it is the 

quantitative outcome (i.e. statistical significance) plus the subjective assessment or 

quality of the outcome that is important for interpreting whether an association might 

actually exist (Goodman, 1998; Thompson, 1998). The researcher(s) conducting a study 

provide a subjective assessment when they discuss their results. Moreover, readers of 

research also judge the scientific merit of these associations mainly based on the level of 

previous theoretical or empirical support and not on the number of comparisons 

performed. Goodman (1998) claims that “The only question now [once individual 

comparisons have been made] is the degree of evidence that must be achieved to claim 

that a given association is “real”. That depends on the strength of the external evidence 

and causal reasoning in support of the association and on the costs of an incorrect 

decision.”  

 

Despite these limitations the research undertaken in this thesis is important because it 

showed: 1) that providing neighbourhood opportunities, in the form of utilitarian and 

recreational destinations, can potentially increase participation in physical activity; 2) 

that specific types of physical activity behaviour are influenced by specific built 

environmental attributes and that not all types of physical activity are influenced by the 

same environmental attributes; and, 3) that the built environment not only directly 

influences physical activity but may also indirectly influence physical activity by 

affecting exercise-related cognitions. Moreover, this research explored the use of 

analytical methods previously underutilized in this field (i.e. Rasch analysis, 

Generalized Linear Mixed Models, Generalized Estimating Equations, Confirmatory 

Factor Analysis and Structural Equation Models). 

 

THE BUILT ENVIRONMENT AND PHYSICAL ACTIVITY  

 

The updated review of evidence from scientific papers published between 2000 and 

2006 of the correlates of the built environment and physical activity presented in 

Chapter 2 is consistent with reviews published elsewhere (Owen et al. 2000; Humpel et 

al. 2002; Saelens et al. 2003b; Foster & Hillsdon 2004; McCormack et al. 2004; Owen 

et al. 2004; Badland & Schofield 2005; Duncan et al. 2005; Heath et al. 2006). The 

review found that self-reported and objectively measured access to or convenience of 

destinations or facilities were the most consistently reported environmental correlates of 
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physical activity behaviour. Self-reported and objectively measured environmental 

attributes related to safety (i.e. personal and traffic), aesthetics, and functionality (i.e. 

structural characteristics of neighbourhoods) were also important correlates, however, 

the associations differed depending on which type of physical activity behaviour was 

examined. For example, steep hills were positively associated with recreational walking, 

but negatively associated with transport-related walking, the functionality or structural 

design of the environment was more consistently associated with transport-related 

walking than recreational walking, and the proximity of utilitarian destinations were 

more consistently associated with transport-related walking compared with recreational 

walking. This reflects the fact that different behavioural contexts can influence different 

types of physical activity behaviour (Barker 1968; Sallis et al. 1998). Understanding 

which specific settings and attributes are most conducive for encouraging physical 

activity, and what types of behaviour they most affect is important for increasing 

knowledge in the field (Foster & Hillsdon 2004; Owen et al. 2004; Giles-Corti et al. 

2005b; Heath et al. 2006). The review also highlighted the need for research designs 

that would allow causal relationships between the built environment and physical 

activity to be examined (i.e. prospective, quasi-experimental, and quasi-longitudinal), 

given issues relating to neighbourhood self-selection and that most studies to date have 

been cross-sectional. 

 

Given that populations are becoming increasingly sedentary (World Health 

Organization 2002), creating environments supportive of physical activity has enormous 

potential for changing individuals who are completely inactive into a more active state. 

This is because the physical or built environment can influence physical activity at the 

population-level by restricting or enabling active behaviour (e.g. discouraging driving 

and encouraging walking), and has the potential to have a sustainable impact due to its 

perdurable qualities (Sallis & Owen 1999). Behavioural interventions generally provide 

short-term increases in physical activity to smaller audiences (Marcus & Forsyth 1999; 

Kahn et al. 2002). Thus, constructing supportive environments could be a strategy for 

providing long-term reinforcement for physical activity behaviours. 

 

Findings from the research undertaken as part of this thesis further supports existing 

literature of significant associations between the presence of destinations and specific 

types of physical activity behaviours (Chapter 4 through 7). However, this research 

builds on the existing literature by considering the mix of destinations and focused on 
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specific types of behaviour (i.e. walking for recreation, walking for transport, and 

vigorous-intensity physical activity). For example, the presence and mix of specific 

destinations including schools, post boxes, bus stops, transit stations, convenience 

stores, newsagencies and shopping malls located in the neighbourhood was associated 

with transport-related, but not recreational walking or vigorous-intensity physical 

activity (Chapter 5). Until recently studies had not examined the associations between 

the presence of specific types of destinations and physical activity. Studies to date 

investigating this relationship have generally focused on the presence of only a few 

specific types of destinations and physical activity behaviours (Duncan & Mummery 

2005; King et al. 2005; Berke et al. 2006; Krizek & Johnson 2006). A unique 

contribution of the current research undertaken was the examination of both major 

recreational and utilitarian destinations and their relationships with participation and 

time spent performing recreational and transport-related walking and vigorous-intensity 

physical activity in a single sample. The results provide support for the claim that 

specific environmental attributes influence specific types of physical activity (Giles-

Corti et al. 2005b), as well as identifying destinations that are important for supporting 

different types of physical activity in the Australian context.    

 

An objective of this thesis was to examine the relationship between the self-reported 

and the objectively measured aspects of the built environment. This objective was 

investigated by examining the correspondence between the actual distance and the self-

reported time respondents estimated it would take to walk to destinations closest to 

home. Respondents were found to overestimate distances to local destinations. The lack 

of correspondence between self-reported and objectively measured distance was 

expected given that previous studies suggest that adults inaccurately estimate distances 

(Canter & Tagg 1975; Gatrell 1983; Golledge 1987; Golledge & Stimson 1997). 

However, a unique finding of this study was that the correspondence between the self-

reported and actual distance to destinations was moderated by gender, neighbourhood 

type (i.e. high and low walkability), and walking behaviour (i.e. transport and 

recreational walking). In particular, men were found to overestimate distance to the 

nearest supermarket to a greater extent compared with women, and respondents residing 

in a highly walkable neighbourhood overestimated distances to the nearest shop, café, 

bushland, parkland, and train or bus stop to a greater extent than those residing in a low 

walkable neighbourhood. This finding is important because it suggests that individual, 

behavioural, and environmental factors may influence an individual’s perception of 
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their environment. For example, males and females may perceive the built environment 

differently, thus providing explanation as to why some studies have reported 

perceptions of the same environmental attributes (i.e. safety and aesthetics) to be 

differentially associated with physical activity among males and females (Humpel et al. 

2004a; Garcia Bengoechea et al. 2005; Doyle et al. 2006). Furthermore, the level of 

walking may influence an individual’s perception of the built environment. Others have 

also found that respondents who spend more time walking have more positive views of 

the aesthetics and practical aspects of their environments (Carnegie et al. 2002). 

Together these findings suggest that individuals who frequently walk in their 

neighbourhood may be exposed to their surrounding environment to a greater extent 

than someone who walks less frequently. Hence, level of exposure impacts upon how 

the surrounding environment is perceived - providing conceptual support to studies that 

have found the presence of dogs and heavy traffic to be positively, instead of negatively 

(as might be expected), associated with physical activity (King et al. 2000; Brownson et 

al. 2001; Carnegie et al. 2002; Giles-Corti & Donovan 2002b; Chad et al. 2005; Cao et 

al. 2006). It is also acknowledged that highly walkable environments may contribute to 

more traffic (e.g. due to increased street connectivity, higher density of destinations, and 

higher population density) in which case the positive association between traffic and 

physical activity might be expected. Prospective study designs would provide an 

opportunity to examine the causal direction of these associations.   

 

Self-reported and objectively measured distances to the nearest destination also had a 

differential affect on walking behaviour. Shorter objective distances to the nearest post 

office and supermarket were associated with an increased likelihood of transport-related 

walking, while shorter self-reported time required to walk to these destinations was 

associated with a decreased likelihood of walking for transport. In addition, respondents 

reporting less time needed to walk to cafes, shops, and bushland were more likely to 

participate in higher levels of recreational walking, although no association was found 

when associations between the objective distances to destinations and this behaviour 

were examined. Findings from this study support those found elsewhere (Kirtland et al. 

2003; Reed et al. 2004; Boehmer et al. 2006; Michael et al. 2006), that perceptions of 

the physical environment do not always reflect reality and that self-reported and 

objectively measured environmental attributes are not always associated with physical 

activity in the same direction or to the same magnitude (Troped et al. 2001; Hoehner et 

al. 2005; Lee & Moudon 2006b). Of interest is whether the discord between perceptions 
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of the built environment and what actually exists is a result of measurement issues or is 

a result of factors that influence how the built environment is perceived.  

 

There is currently no gold standard for objectively assessing the built environment, 

making it difficult to validate self-report measures. Researchers have suggested that 

methods for more accurately matching objective and self-reported environments are 

needed (Heath et al. 2006) however, this might not be possible or even necessary. This 

is because the low level of correspondence between perceived and objective attributes 

(i.e. distance in this research) and elsewhere (Kirtland et al. 2003; Reed et al. 2004; 

Boehmer et al. 2006; Michael et al. 2006) might suggest that objective and perceived 

attributes of the environment influence physical activity behaviour in different ways 

(Boehmer et al. 2006). Evidence of this was found in the literature review and in the 

results of Chapter 7, whereby objective and self-reported representations of similar 

attributes sometimes influenced physical activity behaviour in different ways. Hence, 

perceptions of the built environment and the actual built environment itself might 

perform different roles in determining physical activity behaviour. There is some 

evidence to suggest that adults who are in later stages of behaviour change (i.e., 

maintenance stage in the Transtheoretical Model: Prochaska & Marcus 1994) perceive 

their built environment to be more supportive of physical activity than those in earlier 

stages of behaviour change (i.e. contemplators)(Carnegie et al. 2002). The negative 

perception of the built environment among contemplators might reflect the unexpected 

obstacles encountered following attempts to be physically active.    

 

Cognitive (i.e. motivation, attitudes), behavioural (i.e. frequency of use of destinations) 

and environmental (i.e. connectivity, route attractiveness and safety) factors could 

moderate the associations between self-reported and actual measures of the physical 

environment. If the perceived and objectively measured environmental attributes 

represent two distinct constructs, then interventions that target perceptions of the 

environment (e.g. awareness of existing facilities, provision of maps highlighting safe, 

attractive and short travel routes), as well as constructing supportive environments will 

be required to increase physical activity participation. Research that examines the built 

environments influence on physical activity throughout the behaviour modification 

process (i.e. from inactivity to active and from insufficient to sufficient levels of 

activity), as well as changes in perceptions are needed.   
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THE IMPORTANCE OF DESTINATIONS FOR ENCOURAGING PHYSICAL 

ACTIVITY 

 

Urban development practices since the 1950s have increased distances between homes 

and destinations by building lower density suburbs, with disconnected street patterns 

thereby creating urban sprawl (Ross 2000; Frank et al. 2003). There is accumulating 

evidence that urban sprawl is associated with physical inactivity, obesity, high blood 

pressure, lower self-rated health and worse overall physical health (Frumkin 2002; 

Ewing et al. 2003; Frumkin et al. 2004; Kelly-Schwartz et al. 2004; Lopez 2004; Sturm 

& Cohen 2004). A consequence and possible indicator of urban sprawl is travel 

behaviour, which was studied in Chapter 4.  

 

One of the objectives of this study was to examine whether distances travelled to use 

recreational destinations was influenced by the type of physical activity individuals 

wished to undertake. Studies to date have not examined whether the type of physical 

activity a person wishes to undertake is associated with distances they travel to 

undertake that activity hence, this objective is unique. Most respondents were found to 

travel outside their local neighbourhood (i.e. defined as 1600 metres from home via the 

street network) to use recreational destinations for physical activity. On average, 

respondents travelled over five kilometres to use recreational facilities which included 

beaches, rivers, formal facilities, parks and ovals. Noteworthy, was where there were 

fewer local opportunities for recreational physical activity, respondents travelled further 

distances from home. Not surprisingly, residing in neighbourhoods rich in choice of 

recreational opportunities reduced the need to travel outside the neighbourhood. While 

the mode of travel was not examined, having more recreational opportunities close to 

home could reduce the need to use a motor vehicle to reach these destinations thus 

increasing active transportation (i.e. walking and cycling) and physical activity levels. 

In addition, less reliance on motor vehicles can reduce local traffic, making the 

neighbourhood safer for walking. However, there is some evidence that suggests that 

relocating to a more walkable neighbourhood decreases travel distances, but may no 

reduce motor vehicle use or increase walking (Krizek 2000). More research is needed to 

determine whether relocating to more supportive neighbourhoods can promote higher 

levels of physical activity participation or reduce reliance on personal use of motor 

vehicles.  
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The location of opportunities close to home not only affects travel behaviour, but 

possibly the activity undertaken at those destinations (Golledge & Stimson 1997). 

Importantly, greater distances between households and destinations may decrease 

transport-related walking trips and result in reductions in recreational physical activity 

undertaken at those destinations (i.e. at parks and recreational facilities) (Handy 1993; 

Frank & Engelke 2001; Frank et al. 2003; Lund 2003). This proposition may reflect a 

trade-off between time taken to travel to a destination and the time spent at that 

destination, which is a logical reason as to why longer travel distances to reach 

recreational destinations might result in decreased levels of physical activity 

participation. Moreover, long distances to free and natural facilities reduce the 

likelihood of frequent use because of the cost and inconvenience of travel (Wolch & 

Zhang 2004). Therefore, to increase physical activity should urban planners ensure that 

recreational and utilitarian destinations are constructed within walking distance of 

homes? 

 

An objective of this research was to examine whether the location of physical activity-

related destinations influences their use and in turn physical activity. The results showed 

that providing more recreational destinations close to home could increase the 

likelihood of their use. This supports other findings in the current research that 

providing more recreational choices in the neighbourhood reduces the need to travel 

outside the neighbourhood to participate in recreational physical activity. For example, 

for each additional pay-for-use recreational destination located within their 

neighbourhood, respondents were 51 percent more likely to use a pay-for-use 

recreational destination inside versus outside their neighbourhood. Similarly, for each 

additional free-for-use recreational destination located within their neighbourhood, 

respondents were 15 percent more likely to use a free-for-use recreational destination 

inside versus outside their neighbourhood. The use of recreational destinations also 

increased the likelihood of achieving sufficient levels of moderate and vigorous-

intensity physical activity. Respondents using pay-for-use destinations located within 

their neighbourhood were over six times more likely to participate in sufficient levels of 

vigorous-intensity physical activity, while those using pay-for-use destinations located 

outside their neighbourhood were only about three times more likely to do so. These 

results support other evidence that suggests frequent use of destinations can lead to 

participation in regular physical activity (Deshpande et al. 2005; Berke et al. 2006).  
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Creating more recreational opportunities within walking distance to homes also has the 

potential to influence whether destinations are used, the frequency of their use, and in 

turn participation in recreational physical activity. However, given time and financial 

constraints participation in sufficient levels of physical activity through recreational 

activities may not be possible (Dishman 1986; Dishman 1988; Zlot et al. 2006). 

Encouraging participation in physical activity that can be undertaken as part of usual 

daily activities, such as for transport, could assist some individuals achieve sufficient 

levels of physical activity. Therefore, an objective of this research was to determine 

whether the presence of and mix of utilitarian and recreational destinations in an 

individuals neighbourhood affects levels of walking for transport, walking for 

recreation, and vigorous-intensity physical activity. Importantly, the mix of 

neighbourhood destinations was associated with physical activity participation. For 

every additional type of destination within 400 and 1500 metres, the likelihood of 

respondents participating in regular transport-related walking increased by 43 percent 

and 41 percent, respectively, while the likelihood of participating in irregular transport-

related walking increased by 27 percent and 23 percent, respectively. Respondents also 

undertook an additional 10 and 12-minutes fortnightly for every additional destination 

located within 400 and 1500 metres of home, respectively. Furthermore, specific 

destinations located in the neighbourhood were associated with specific physical 

activity behaviours.  

 

The findings are important and consistent with other studies. Higher levels of 

accessibility and local opportunity have been associated with higher levels of physical 

activity independent of demographic characteristics (Sallis et al. 1990 ; Hoehner et al. 

2005; King et al. 2005). However, findings presented in this thesis relate to specific 

types of destination and physical activity behaviour. An important finding was that 

associations between utilitarian destinations and transport-related walking were stronger 

than those associations between recreational destinations and recreational physical 

activities (i.e. walking and vigorous-intensity activities). While recent studies (Duncan 

& Mummery 2005; Frank et al. 2005; Hoehner et al. 2005; King et al. 2005; Berke et al. 

2006; Krizek & Johnson 2006; Lee & Moudon 2006a; Lee & Moudon 2006b) have 

begun to examine associations between the presence and mix of specific destinations 

and physical activity, a unique contribution of the current research was the investigation 

of these relationships at two neighbourhood scales (i.e. 400 and 1500 metre road 

network radius). As a corollary, it was found that the presence and mix of similar 
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destinations were associated with the same physical activity behaviours irrespective of 

neighbourhood scale. While building utilitarian destinations as close to as many homes 

as possible may be optional for encouraging transport-related walking, it may not be 

feasible. Based on evidence in this thesis, even building destinations within at least 

1500 metres of homes may have a similar influence on transport-related physical 

activity, but be more viable from an urban planning and economical perspective.  

However, developing destinations within walking distance of homes is only part of the 

solution for encouraging more participation in physical activity.  

 

The mere presence of destinations in the neighbourhood does not necessarily mean that 

residents will use them. Individuals unaware of the presence of pertinent destinations 

located within the neighbourhood may be less likely to walk to them. The quality of 

destinations may not match the residents’ standards or the activities offered may not 

match local residents’ needs or interests (Corti et al. 1996). Findings in Chapter 4 

showed that respondents generally travelled outside their local neighbourhood to use 

recreational destinations (i.e. beaches and rivers, parks and ovals, and formal facilities) 

for physical activity, although for the most part, they had access to similar and closer 

destinations. These findings reflect those of Sallis et al. (1990) who found that the 

closest recreational destination to home may not necessarily be the most convenient. 

Therefore, from a recreational planning perspective it might be necessary to not only 

build recreational destinations close or within walking distance to homes, but to also 

ensure that these destinations have attributes or resources that are attractive to a wide-

range of users. Although often site specific, generally recreational destinations (i.e. free- 

and pay-for-use) may be more attractive to users if they: include aesthetics features (e.g. 

water features, wildlife, trees and greenery); include amenities (e.g. benches, drink 

fountains); are made safe from traffic, crime (e.g. lighting and surveillance), and dogs 

(e.g. enclosed dog exercise areas); include resources to allow multiple activities to be 

undertaken (e.g. sports equipment, walking and cycling paths, children’s playground, 

dog exercise areas); and have staff that are supportive or inclusive (i.e. at pay-for-use 

facilities) (Hahn & Craythorn 1994; Jackson 1995; Corti et al. 1996).  

 

It is necessary to encourage individuals to incorporate (i.e. unplanned or planned) 

physical activity into their daily routine (e.g. transport-related, incidental, gardening, 

and daily chores). Encouraging more transport-related physical activity may help some 

individuals overcome barriers to participate in physical activity and help them achieve 
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recommended levels of physical activity, particularly those who are uninterested or with 

insufficient time to participate in recreational activity or exercise (Frank et al. 2003; 

Berrigan et al. 2006). However, based on the findings of the current research, to do this 

the built environment at least needs to include a mix of utilitarian and recreational 

destinations located within walking distance of homes - even as far away as 1.5 

kilometres.  

 

NEIGHBOURHOOD SIZE AND PHYSICAL ACTIVITY RESEARCH 

 

Consistent with studies elsewhere, this research found that destinations located closer to 

home are used more often (Furuseth & Altman 1991; Moore & Graefe 1994; Merom et 

al. 2003; Hoehner et al. 2005; Berke et al. 2006). However, an important question that 

has been recently highlighted is the geographical scale at which environmental 

attributes are most strongly associated with physical activity (Heath et al. 2006). In this 

thesis geographical scale was defined as neighbourhood sizes of 400, 1500, and 1600 

metres via the street network. The objective neighbourhood distances cited in the 

literature (i.e. 90 metres to three kilometres) (Sallis et al. 1990 ; Cervero & Radisch 

1996; Pikora et al. 2002; Saelens et al. 2003a; Frank 2004; Duncan & Mummery 2005; 

Hoehner et al. 2005), data constraints, and agreement among study co-authors, informed 

the decision to define neighbourhoods in this way. The 1600 metre neighbourhood 

buffer captured an upper boundary in which destinations could be accessed by all modes 

of transport, including walking and as based on a recent review (Giles-Corti et al. 

2005b). Walking speed was taken into account when considering the size of the 

neighbourhoods. Normal walking pace for the average adult has been estimated to be 

4.3 to 6.4 kilometres per hour (Bohannon 1997; Murtagh et al. 2002; Laplante & Kaeser 

2004; Giles-Corti et al. 2005b). These walking speeds are intense enough (i.e. >2 to 2.5 

METs: Ainsworth et al. 2000) to provide health benefits (U.S. Department of Health 

and Human Services 1996; Hu et al. 1999; Hu et al. 2000). Moreover, walking to and 

from a destination located within 1600 metres from home at 6.4 kilometres per hour 

would also provide the 30-minutes of moderate-intensity activity recommended daily to 

accrue health benefits (Commonwealth Department of Health Aged Care 1999). 

 

Associations between the destinations located within 400, 1500, and 1600 metres and 

physical activity behaviours were found. However, as previously discussed SEID1 

respondents generally travelled outside their neighbourhood (i.e. >1600 metres) to use 
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destinations for recreational physical activity, even when closer destinations were 

present. Also as previously mentioned, respondents using recreational destinations 

outside, as well as inside their neighbourhood, were more likely to achieve sufficient 

levels of vigorous physical activity, compared with those not using a destination. 

Environmental attributes including destinations located outside the local neighbourhood 

are therefore important for encouraging physical activity participation (Handy 1993). 

How neighbourhoods or local environments are defined should therefore reflect the type 

of physical activity behaviour examined (e.g. larger areas for vigorous activities and 

cycling, or smaller areas for transport-related walking) and the destinations being 

examined.  

 

INDICES OF ENVIRONMENTAL SUPPORT FOR PHYSICAL ACTIVITY 

 

A unique aspect of this thesis was the use of advanced statistical methods to explore 

how best to develop indices representing the supportive of the built environment for 

physical activity behaviour. Individual attributes of the built environment do not 

necessarily affect physical activity behaviour in isolation. Combinations of 

environmental attributes (i.e. sprawl index, neighbourhood walkability index, 

functionality index, safety index, aesthetics index) are found to be associated with 

physical activity behaviour (Ewing et al. 2003; Frank et al. 2005; Pikora et al. 2006). 

Constructing indices that represent the supportiveness of the environment for physical 

activity is necessary given the vast number of attributes found in the built environment, 

and problems relating to spatial multicollinearity of individual attributes in regression 

analyses (Moudon & Lee 2003; Saelens et al. 2003b). Moreover, the goal of developing 

measures is to create abstractions from the raw data - allowing inferences to be made 

about the underlying constructs rather than mere descriptions of the raw data  (Bond & 

Fox 2001). 

 

An objective of this research was to build upon previous studies and evaluate the 

statistical properties of a recently developed environmental audit instrument known as 

the Systematic Pedestrian and Cycling Environmental Scan (SPACES: Pikora et al. 

2002; Pikora et al. 2003). The Rasch model was used to construct two indices (i.e. 

aesthetics and functionality) from the objective environmental data collected using 

SPACES. While indices of the built environment have been derived (Ewing et al. 2003; 

Frank et al. 2005; Pikora et al. 2006) statistical models such as the Rasch model, have 
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not been used. Moreover, the psychometric properties for the majority of instruments 

used to evaluate the built environment are poorly tested (Moudon & Lee 2003). 

Advantages of using a statistical model to aggregate environmental items or variables is 

that content and construct validity, as well as reliability can be assessed concurrently. In 

addition, using the Rasch model to derive indices means that objectivity is achieved (i.e. 

the value or score assigned to an environmental attribute is independent of the observer 

or instrument being used and equal-interval indices derived) (Bond & Fox 2001). These 

advantages considered did using the Rasch model in the current research provide 

additional understanding about the SPACES data or provide a useful procedure for 

developing environmental indices?  

 

Using the Rasch measurement model, two indices were found to represent different 

aspects of supportiveness of the built environment for walking including aesthetic (i.e. 

verge maintenance, cleanliness, views, trees) and functional design (i.e. slope, crossing 

aids, intersection design, traffic volume, path/road conditions and location, continuity, 

street surveillance, alternative routes). The functionality and aesthetic indices showed 

evidence of construct and content validity, but low internal consistency. As a 

consequence, the low internal consistency might have limited the number of significant 

associations observed between the functionality and aesthetic indices, and physical 

activity tested in Chapter 9. Evidence of predictive validity of these indices was weak, 

with only the functionality index found to be negatively associated with vigorous-

intensity physical activity. The lack of variability in environmental attributes among 

segments sampled in SEID2, and too few items representing each construct contributed 

to the low internal consistency.  

 

The insufficient variability in these data were highlighted as a problem before applying 

the Rasch model, although it was thought that much of this limited variability was a 

result of how the data were originally aggregated (Pikora et al. 2003; Pikora et al. 2006). 

However, empirically deriving indices from the SPACES data did not improve the 

variability; suggesting that the data itself was somewhat homogenous as a result of the 

spatially clustered segments (i.e. all segments within 400 metres of respondents homes 

sampled), limited instrument sensitivity (i.e. discrimination), or paucity of variability in 

segments and neighbourhoods across metropolitan Perth. It is recognized that measures 

of the built environment need to have sufficient variability (Moudon & Lee 2003). 

Recent studies have attempted to maximize environmental variability by selectively 
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sampling segments within neighbourhoods, rather than collecting data on all segments 

within a neighbourhood (e.g. SMARTRAQ: Frank et al. 2005). Sampling and data 

collection procedures (e.g. instrument development, formation of indices) need further 

attention and refinement to ensure sufficient variability of the built environment is 

captured.  

 

Evidence of construct validity but low internal consistency was found together. This 

counter-intuitive finding might also reflect the issue of whether the variables from 

SPACES are considered either effect or causal indicators of the environmental 

supportiveness constructs (i.e. functionality and aesthetics). The direction of causality 

(construct → indicators versus indicators → construct) is important given concerns 

raised about the inappropriate use of factor analytic and unidimensional scaling 

techniques (e.g. Rasch analysis) for causal indicators (Bollen 1989; Fayers & Hand 

1997; Fayers et al. 1997). The current analysis was undertaken under the assertion that 

environmental variables were manifestations of an underlying construct (i.e. scores on 

items were the result of some underlying latent construct) which means that the use of 

Rasch analysis is valid. This is supported by the fact that urban development guidelines 

and policies often determine what environmental attributes will be developed. For 

example, current Western Australian Liveable Neighbourhood Guidelines (The 

Government of Western Australia 2000) encourage the development of neighbourhoods 

with environmental attributes that are specifically supportive of walking, in which case, 

the attributes developed in these neighbourhoods would be manifestations of the 

guidelines. However, the low internal consistency of the scales found in this study may 

indicate that built environmental variables captured during the audits are causal, and not 

“effect”, indicators of built environment (i.e. they do not share enough common 

variance, and therefore may not represent a single underlying construct). This 

conceptual issue needs to be considered when attempting to form indices from built 

environmental data.  

 

To date, the use of IRT in physical activity has been limited (Zhu et al. 2001; Mâsse et 

al. 2002; Stroud et al. 2004). Its slow application in physical activity research could 

reflect the lack of understanding regarding the underlying theory and application of 

Rasch and IRT techniques and the need to learn how to use specialized software. This is 

somewhat a limitation in the development of valid and reliable environmental 

instruments. For many audit instruments that assess the supportiveness of the 
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environment for physical activity, their psychometric properties are largely unknown 

(Moudon & Lee 2003). The predictive validity of indices constructed from these 

instruments is affected by their psychometric properties (i.e. construct and content 

validity, internal consistency). The use of IRT techniques should not be restricted to 

objective environmental data. The application of IRT techniques could also provide 

insights into the psychometric properties of instruments used to collect self-reported 

environmental data. IRT techniques could provide useful information regarding 

construct and content validity, discrimination and information functions of items, 

differential item functioning, validity of the scoring model, as well as deriving interval 

level total scores, which is a minimum requirement for the use of parametric statistical 

techniques. Tools that more precisely measure self-reported and objective environments 

are necessary to obtain better approximations of the relationships between the built 

environment and physical activity (Duncan et al. 2005).  

 

COGNITIONS, BUILT ENVIRONMENTS AND PHYSICAL ACTIVITY 

 

Until a decade ago, explanatory models of physical activity behaviour had generally 

focused on biological, psychological, and sociological determinants, and less so on the 

physical environment (Dishman & Sallis 1994; Owen et al. 2000). Social ecological 

models propose that an individual’s behaviour is a result of multiple levels of 

interacting determinants, including psychological, sociological and environmental 

factors (Lewin 1936; Moos 1973; Bronfenbrenner 1977; Stokols 1992). The 

independent associations between environmental attributes and physical activity after 

controlling for socio-cognitive factors have been found (Leslie et al. 1999; Booth et al. 

2000; Giles-Corti & Donovan 2002a; Troped et al. 2003; Duncan & Mummery 2005). 

However, these studies did not examine whether cognitions mediated the relationship 

between environmental attributes and physical activity. A new area of research is 

emerging that is attempting to explain how the built environment influences cognitions 

(i.e. motivation, self-efficacy) and social factors. Although focusing only on self-

reported data, recent studies have investigated whether cognitive and social factors 

mediate the relationship between the built environment and physical activity 

(Brassington et al. 2002; Prodaniuk et al. 2004; Blanchard et al. 2005; De Bruijn et al. 

2006; McNeill et al. 2006). However, to date, studies have not examined these 

relationships using objective environmental data.  
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Therefore, an ecological analysis was undertaken to examine the influence of 

psychological, social, and objective physical environmental variables on walking for 

recreation and vigorous-intensity physical activity using Structural Equation Modelling. 

This unique analysis investigated the associations between objectively measured 

environmental attributes (i.e. connectivity, recreational destination density, recreational 

destination mix, structural design, and aesthetics), cognitions (i.e. self-efficacy, 

attitudes, and subjective norm), and recreational physical activity (i.e. vigorous-intensity 

physical activity, recreational walking, and frequency of past trying). Promising, but 

weak evidence was found for the built environments role in moderating the association 

between behavioural expectation, frequency of past trying (of physical activity) and 

physical activity behaviour. Moreover, weak evidence was found for the mediating role 

of self-efficacy and behavioural expectation in associations between the environmental 

attributes (i.e. recreational land use mix and aesthetics) and recreational physical 

activity. It should be noted that transport-related walking was not examined as part of 

this research objective because cognitive data collected in SEID1 related to exercise and 

recreational physical activity only. Nevertheless, understanding how the built 

environment and cognitions interact to influence transport-related physical activity is 

important for designing interventions that target this behaviour and should be 

considered in future research.  

 

Demographic, psychological, social, behavioural, and environmental factors influence 

physical activity (King et al. 1992; Dishman & Sallis 1994; Sallis & Owen 1999; Trost 

et al. 2002). Information regarding the relative influence of each factor on physical 

activity is important for informing interventions. Understanding the mediators and 

moderators in physical activity research is also necessary for informing interventions 

that focus on encouraging physical activity behaviour (Baranowski et al. 1998; Bauman 

et al. 2002). In particular, it is important to understand under what conditions certain 

associations exist between the built environment and physical activity behaviours 

(Saelens et al. 2003b). For example, are intenders residing in supportive physical 

environments more likely to achieve recommended levels of physical activity compared 

with intenders residing in less supportive environments or is the association between the 

built environment and physical activity present regardless of attitudes and self-efficacy 

towards physical activity? While not specifically examined in the current research, the 

results suggest that trying to be more active (i.e. frequency of past trying) could lead to 

the desired outcome (i.e. higher levels of recreational physical activity) if an individual 
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resides in a neighbourhood with high street connectivity and more recreational 

destinations. Some support for this result is provided by Blanchard et al. (2005) who 

found that self-efficacy moderated the association between perceived access to facilities 

in the neighbourhood and at work and physical activity17. Specifically, the researchers 

found that the stronger association between access to facilities and physical activity 

among respondents with higher levels of self-efficacy compared with those with low 

levels of self-efficacy.  

 

Results of the current research and elsewhere (Brassington et al. 2002; Spence & Lee 

2003; Prodaniuk et al. 2004; De Bruijn et al. 2006; McNeill et al. 2006) suggest that 

environmental attributes directly and indirectly influence physical activity through 

cognitions, social factors, or other mediating variables. Research attention on the 

mediating role of cognitions, will provide insight into why self-reported and objective 

environmental measures have limited correspondence and have a differential affect on 

physical activity behaviour (Kirtland et al. 2003; Reed et al. 2004; Boehmer et al. 2006; 

Michael et al. 2006). Creating physical activity supportive environments may also 

complement other behaviour change interventions, not only by providing opportunities 

for physical activity, but also by influencing cognitive and social determinants of 

physical activity (Saelens et al. 2003b). Under certain circumstance changing 

environmental attributes may not be possible (e.g. topography, natural features such as 

rivers and beaches). Hence, improving perceptions and overcoming barriers towards 

these attributes may be a more viable option for encouraging higher levels of physical 

activity participation. 

 

FUTURE RESEARCH DIRECTIONS 

 

For a relationship between an independent and dependent variable to be considered 

causal there must be evidence of a temporal association; a strong association; a dose-

response relationship, replication of findings, biological plausibility, consideration of 

alternative explanations, cessation of exposure, specificity of association, and 

consistency with other knowledge (Gordis 2000). Cross-sectional evidence to date 

(Owen et al. 2000; Humpel et al. 2002; McCormack et al. 2004; Owen et al. 2004) is 

                                                 
17 Note Blanchard et al.’s (2005) study was cross-sectional. Therefore the interaction term could also be 
interpreted as meaning that perceived access to facilities moderated the association between self-efficacy 
and physical activity. This interpretation provides support for the foregoing discussion regarding evidence 
of moderation found in the current research.  
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insufficient to imply a causal relationship between the built environment and physical 

activity. There has been an over-reliance on cross-sectional data and weak evidence 

from interventions supporting a temporal association between changing environments 

and physical activity (Linenger et al. 1991; Merom et al. 2003; Foster & Hillsdon 2004; 

Evenson et al. 2005). While the current body of research shows that access to more 

opportunities is associated with higher levels of physical activity, longitudinal study 

designs are required.  

 

Neighbourhood or residential self-selection defines the process by which individuals 

choose to reside in neighbourhoods that best match their own behaviours or desires 

(Frank & Engelke 2001). Psychological characteristics such as self-efficacy, social 

norms, attitudes, and preferences towards physical activity could inform a person’s 

decision about where they should reside. Neighbourhood self-selection has been shown 

to influence behaviours such as strolling and pedestrian shopping trips (Cao et al. 2006). 

Nevertheless, studies controlling for neighbourhood self-selection using quasi-

longitudinal study designs or statistically adjusting for neighbourhood preference and 

attitudes, have found the built environment to be a significant correlate of walking (Cao 

et al. 2006; Handy et al. 2006). However, for the majority of studies undertaken to date 

self-selection has limited conclusions regarding the affect of the environment on 

physical activity. To infer causality with any confidence, longitudinal studies that 

capture the behaviours of individuals as they relocate from one neighbourhood to 

another, will best explain the impact of self-selection. Furthermore, longitudinal studies 

could also be used to determine the length of time new environments take to influence 

physical activity behaviour. 

 

Environments supportive of adult physical activity behaviour, may be less supportive 

for physical activity among other segments of the population (e.g. children, seniors). 

Cul-de-sac streets are safer for children to use for play activities because there is lower 

traffic volume and traffic speeds. Evidence regarding street connectivity and physical 

activity levels among children is mixed (Davison & Lawson 2006), although recent 

preliminary evidence suggests that children play outside in the neighbourhood more 

frequently if they reside on a cul-de-sac street compared with a non-cul-de-sac street 

(Handy & Mokhtarian 2004). For adults cul-de-sacs without pedestrian access ways or 

cut-throughs reduce street connectivity, resulting longer travel distances and impeding 

walking (Owens 1993; Saelens et al. 2003b; Handy & Mokhtarian 2004).  
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Environmental attributes may also differentially affect the physical activity behaviours 

among adults with different demographic backgrounds (Saelens et al. 2003b; Boslaugh 

et al. 2004; Garcia Bengoechea et al. 2005; Doyle et al. 2006). Compared with men, 

women are more likely to perceive neighbourhoods as unsafe and to have less 

accessibility to physical activity opportunities (Garcia Bengoechea et al. 2005). Gender 

specific associations have also been reported between perceived safety, presence of 

destinations close to home, access to places opportunities, aesthetics and physical 

activity behaviours (Humpel et al. 2004a; Garcia Bengoechea et al. 2005; Doyle et al. 

2006). Moreover, compared with black Americans, white Americans perceive their 

neighbourhoods to be more pleasant and to have more opportunities for physical activity 

(Boslaugh et al. 2004). Hence there is a need to better understand how demographic 

backgrounds of individuals may moderate relationships between the built environment 

and physical activity.  

 

Environmental attributes can act as both barriers and facilitators for different types of 

physical activity and for different individuals. Like other interventions, those involving 

the environment need to account for individual differences. Future studies should 

examine the independent affects and the interaction of environment attributes on 

different types of physical activity behaviour and individuals. 

 

FUTURE POLICY AND PRACTICE DIRECTIONS 

 

Having good access to a variety of destinations within 1600 metres of home can 

encourage the use of destinations, and participation in recreational and transport-related 

physical activity. While these findings and those elsewhere are encouraging, translation 

of this research into policy needs to be considered. Evidence thus far, suggests that the 

built environment can encourage physical activity by providing opportunities. 

Constructing environments that provide opportunities for people to be active is logical 

and supported by evidence presented in this thesis. However, environmental attributes 

do not affect physical activity in isolation, and therefore need to be considered in the 

context of other environmental features. For example, constructing more neighbourhood 

recreational facilities may not have the desired affect on physical activity, if other 

attributes are not considered (e.g. connectivity, traffic safety). Furthermore, similar 

environmental attributes may differentially affect different types of physical activity 
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behaviour. For instance, environmental features that facilitate recreational walking (e.g. 

steep hills) can discourage transport-related walking (Lee & Moudon 2006b). It is 

important that neighbourhood environments are designed to provide opportunities that 

facilitate a variety of physical activity behaviours (i.e. recreational, transport-related, 

incidental physical activity) for most individuals (i.e. children, adults, older adults).   

 

Further consideration also needs to be given to the health trade-offs with regard to 

creating supportive environments. History shows that many of the defining 

characteristics of modern cities (i.e. decentralization, segregation of land uses) were 

created in attempts to improve health of citizens (i.e. mainly decrease transmission of 

infectious disease) residing in the overcrowded and heavily polluted cities during the 

industrial era. While moving people into suburbs and making cities less dense might 

have reduced transmission of infectious diseases these well intended attempts to 

improve health have also contributed to epidemics in non-infectious lifestyle-related 

diseases (i.e. obesity, cardiovascular diseases, diabetes) (Frank & Engelke 2001). The 

intention to improve health by creating physical activity supportive environments, in 

some circumstances, could also lead to negative health consequences. For example, 

conveniently accessible neighbourhood destinations such as shops, cafes, and 

conveniences stores could increase physical activity levels as indicated by the current 

research, but easily accessible destinations such as restaurants, convenience, and 

grocery stores may increase the risk of obesity and hypertension (Maddock 2004; 

Morland et al. 2006), through the over-consumption of energy. Population density is 

positively associated with walking behaviour (Frank & Pivo 1994; Cervero 1996) 

because this is accompanied by an increased density of shops and other destinations. 

However, disregarding other factors related to travel behaviour (e.g. increasing 

desirability of active transport, changing attitudes toward motor vehicle use) could 

result in more traffic congestion as population densities increase (Manville & Shoup 

2005; Frank & Engelke 2006). Higher density neighbourhoods have been associated 

with lower levels of self-rated health (Kelly-Schwartz et al. 2004), and traffic 

congestion is associated with pollution related respiratory illness (Oftedal et al. 2003; 

Finkelstein et al. 2004) and increased risk of pedestrian-vehicular collisions (Pucher & 

Dijkstra 2000; Pucher 2001). Negative and positive health outcomes associated with 

altering the built environment need to be considered so that health benefits are 

maximized, while minimizing health consequences. 
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Researchers, urban developers and transport engineers need to contemplate and 

anticipate how current practices positively and negatively influence health outcomes 

and behaviour of different segments of the population at present and over time. It is 

necessary for these groups and other organizations to collaborate in both research and in 

practice if environmental interventions are to increase physical activity behaviour. 

Furthermore, policies at all levels of government need to be introduced which place 

greater emphasis on physical activity participation and health. Policies are needed that 

will make physical activity accessible and attractive to all individuals. For example, 

policies that make driving motor vehicles less attractive (i.e. increase cost of parking, 

registration, and fuel) could be adopted to make driving less attractive, encourage more 

public transport use and therefore more transport-related walking. At the same time, 

policies could also be introduced that increase funding for public transport, cycling and 

pedestrian infrastructure and public open space. It is necessary for policy makers to 

consider how their policy may affect physical activity participation and health in the 

short and long-term (Sallis et al., 2006). Creating supportive built environments is a 

necessary, but insufficient, requirement for physical activity. Increasing, physical 

activity at the population level requires an ecological approach - with interventions 

implemented that promote positive changes in the individual, psychological, social, and 

environmental determinants (Stokols 1992). Hence, urban developers and transport 

engineers together with health practitioners and policy makers each have important 

roles to play in increasing physical activity levels. 

 
CONCLUSION 

 

Sprawling cities contribute to adverse health consequences for people (Frumkin 2002; 

Ewing et al. 2003; Frumkin et al. 2004; Kelly-Schwartz et al. 2004; Lopez 2004). The 

negative affect of the sprawling urban landscapes on health are exacerbated by the 

development and embracing of technology, which has essentially engineered physical 

activity out of daily lives. Changing the built environment has the potential to positively 

impact on participation in both recreational and transport-related physical activity and 

thus health. In particular, findings of this and other research (Owen et al. 2000; Humpel 

et al. 2002; Saelens et al. 2003b; Foster & Hillsdon 2004; McCormack et al. 2004; 

Owen et al. 2004; Badland & Schofield 2005; Duncan et al. 2005; Heath et al. 2006) 

suggests that 1) creating a variety of utilitarian and recreational destinations in close 

proximity of homes has the potential to increase the likelihood of their use, and 2) 
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encourage higher levels of transport and recreational-related physical activity. This 

research also partially supports the notion that the built environment can influence 

exercise-related cognitions, which in turn, influences physical activity participation and 

this should be explored in future research.  

 

The research presented in this thesis suggests that the built environment is particularly 

supportive of moderate-intensity physical activity, especially transport-related walking. 

Evidence from this research indicates that the mix and density of transport-related and 

recreational destinations close to home are important for supporting physical activity 

behaviour. Findings also suggest that encouraging individuals to use recreational 

destinations close to home (i.e. by building them close to home or increasing awareness 

about their presence) could result in increased physical activity participation. Hence 

creating supportive environments that encourage both recreational and transport-related 

physical activity could help individuals to participate in recommended levels of physical 

activity, particularly among those least active or sedentary. Public health practitioners, 

and urban and transport planners not only need to advocate for and build environments 

supportive of health, but also implement strategies and interventions that change the 

attitudes, expectations, and cultural beliefs of individuals with regard to environments 

and physical activity (Vojnovic et al. 2006). The incongruence between objective and 

perceived distance to destinations, and their differential influence on walking found in 

this research supports the need to develop interventions that not only create supportive 

environments, but also improve perceptions and increase awareness about the available 

physical activity resources that exist in the built environment.  
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample 
 

Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Addy et al. 2004) Design: 
Cross-sectional  
 
Setting: 
Rural south eastern community, 
U.S.A. 
 
Sample: 
N=1194 
 
Gender 
Female (56.3%) 
Age 
18-34 years (35.6%) 
35-54 years (36.2%) 
≥55 years (28.2%) 
Education 
College/Technical school (54.3%) 
≤High School diploma (45.7%) 
 

Self-reported: 
Thirteen items measuring perceived 
support & barriers of physical activity 
in the neighbourhood (0.5 mile or 10 
minutes walk from home) & the 
community (10 miles or 20 minutes 
drive from home) 
 
Neighbourhood level 
Presence of sidewalks, use of public 
recreational facilities, quality of street 
lighting, pleasant neighbourhood for 
walking, physically active neighbours, 
traffic volume, unattended dogs, 
perception of crime, perceptions of 
neighbours trustworthiness 
 
Community level 
Presence of walking/bike trails, 
swimming pools, recreation facilities, 
parks, play grounds, sports fields, 
schools, malls, places of worship, 
waterways , perception of crime, 
safety regarding recreational facilities 

Self-reported: 
2001 Behavioural Risk Factor 
Surveillance System (BRFSS) survey  
 
Outcome measures: 
- Active (≤30 minutes of moderate PA 
≤5 days/week or ≤20 minutes of 
vigorous PA ≤3 days/week) 
- Insufficiently active (lower levels of 
PA than active) 
- Inactive (no moderate or vigorous 
PA) 
- Regular walker (≤30 minutes on  ≥5 
days/week) 
- Irregular walker (lower levels than 
regular walkers) 
- Non walker (no walking for ≥10 
minutes at a time) 
 

Presence of sidewalks associated with 
irregular walking (OR 2.23, CI 1.27-
3.92) 

Compared with respondents residing 
in communities with no park, those 
using a park were more likely to be 
active (OR 2.20, CI 1.21-3.98) or 
sufficiently active (OR 1.96, CI 1.10-
3.49) 
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Table 32. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 

 
Study Research design & sample 

 
Environmental  measures Physical activity outcome 

measures/other factors measured 
Associations with walking only 

 
Associations with physical activity 

other than walking 
(Ainsworth et al. 
2003)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Design: 
Cross-sectional  
 
Setting: 
Sumter County, Orangeburg 
County, South Carolina, U.S.A.  
Sample: 
N=934 (African-American 
women)  
Age 
20-29 years (26.4%) 
30-39 years (34.6%) 
40-50 years (39%) 
 
 
 
 
 
 
 
 
 
 

Self-reported: 
Seven-items including: 
-Traffic (light, moderate or heavy) 
-Presence of sidewalks (yes/no) 
-Street lighting at night (very 
good/good, fair, poor/very poor/does 
not exist) 
-Presence of unattended dogs (not 
much of a problem or big/somewhat of 
a problem) 
-Safety from crime 
(extremely/somewhat safe or 
slightly/not at all safe) 
-Places within walking distance 
(yes/no) 
-Places to exercise (yes/no) 
 
 
 
 

Self-reported:  
Behavioral Risk Factor Surveillance 
System (BRFSS) survey 
  
Outcome measures: 
- Recommended (≥150 minutes 
moderate or ≥60 minutes vigorous-
intensity activity/week), 
- Insufficient (does less than 
recommended levels of moderate or 
vigorous activity), 
- Inactive (participation in no 
moderate or vigorous activity). 
 
Other measures: 
-Social environment  
-Education 
-Health status 
-Income 
-Employment 
-Number of children 
-Self-efficacy 

N/A 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Presence of sidewalks associated with 
respondents’ achieving recommended 
levels of physical activity (OR 1.57, 
CI 1.14-2.17) 
 
Women more likely to meet 
recommended levels of physical 
activity if traffic in neighbourhood is 
light (OR 1.53, CI 1.00-2.17) 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Atkinson et al. 
2005) 

Design: 
Cross-sectional 
 
Setting: 
Two neighbourhoods (high & low 
walkability), U.S.A. 
 
Sample: 
N=102 
 
Gender 
Female (52%) 
Age (mean) 
48.2 years (±11.6)  

Self-reported: 
Perceptions of neighbourhood (10-15 
minutes walk) using eight subscales 
from the Neighbourhood Environment 
Walkability Survey (NEWS):  
-Residential density (RD) 
-Mixed land use diversity (MLUD) 
-Mixed land use access (MLUA) 
-Connectivity (C) 
-Walk/bike infrastructure (WI) 
-Aesthetics (A) 
-Safety from traffic (ST) 
-Safety from crime (SC) 
-Home equipment (HE) 
-Convenient recreation facilities 
(CRF) 
 
-A total environmental z-score  also 
calculated (TE) 

Objective: 
Seven-days of accelerometer data 
 
Outcome measures: 
-Minutes of moderate PA  
-Minutes of vigorous PA 
-Total minutes (mod plus vig) 
 
Self-reported: 
PA in past 7-days using Godin-
Shephard Leisure Time Exercise 
Questionnaire 
 
Outcome measures: 
-Frequency of moderate PA 
-Frequency of vigorous PA 
-Total frequency (mod plus vig) 
 

N/A Bi-variate correlations between 
environment subscales & PA 
measures: 
Objective PA 
-RD & vigorous (r=.39, p=.00) 
-C & vigorous (r=.25, p=.01) 
-TE & vigorous (r=.23, p=.02) 
-C & total PA (r=.21, p=.04) 
 
Self-reported PA 
-RD & vigorous (r=.35, p<.01) 
-HE & vigorous (r=.27, p=.01) 
-TE & vigorous (r=.28, p=.01) 
-HE & total PA (r=.34, p<.01) 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample 
 

Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Ball et al. 2001) 
 

Design: 
Cross-sectional 
 
Setting: 
New South Wales, Australia  
 
Sample: 
N=3392  
Gender 
Female (54.2%) 
 

Self-reported: 
Aesthetics of local environment score 
based on degree of agreement to 3-
items: 
-“Your neighbourhood is friendly” 
-“You find it pleasant walking near 
your home” 
-“Your local area is attractive” 
 
Convenience of facilities in local 
environment score based on degree of 
agreement to 3 items: 
-“Shops are in walking distance” 
-“A cycle path is accessible” 
-“A park or beach is within walking 
distance” 
   
Aesthetics & convenience scales 
categorized into: 
1. High 
2. Moderate 
3. Low 

Self-reported: 
Two-week recall of frequency of 
walking for exercise for ≥10 
minutes/episode 
 
Outcome measures: 
- No walking 
- Any walking 
 
Other measures: 
-Social environment 
-Physical & mental health 

Likelihood of walking in past 2 weeks 
decreased as aesthetics decreased 
(moderate OR .84, CI. 71-.99, low OR 
.59, CI. 47-.75) 
 
Likelihood of walking decreased as 
perceived convenience of facilities 
decreased (moderate OR. 84, CI .71-
1.00, low OR .64, CI .54-.77) 
 
Perceived aesthetics & convenience of 
facilities were still found to be 
associated with walking after 
stratification for both mental & 
physical health 
 

N/A 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Berke et al. 2006) Design: 
Cross-sectional 
 
Setting: 
Nine counties of Puget Sound, 
U.S.A. 
 
Sample: 
N=8162 (participants & non- 
participants in a managed care 
fitness program) 
 
Structured program (N=1596) 
Gender 
Female (76%) 
Age 
75.8 years (±7.0) 
Unstructured program (N=6566) 
Gender 
Female (60%) 
Age 
71.9 years (±6.3) 
 

Objective: 
GIS software used to calculate the 
distance between participant's home & 
a fitness facility. 
 
 
 
. 
 

Objective: 
Administrative records provided the 
number of fitness sessions participants 
attended in the first year of the 
program. 
 
Outcome measures: 
- Mean number of sessions attended 
per month  
 
Other measures: 
- Access of preventive services 

N/A 
 

Distance (kilometres) to an 
unstructured-program site associated 
with reduced odds of participating in 
the program (OR .99, CI .98-1.00) 
 
Distance (kilometres) to a structured-
program site associated with reduced 
odds of participating in the program 
(OR .87, CI .83-.88) 
 
Increased distance (kilometres) to the 
unstructured program site resulted in 
fewer monthly visits (β = -.039, 
p<.01) 
 
Results adjusted for age, income, 
gender, health status, health screening 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Berrigan & 
Troiano 2002)  
 
 
 
 
 
 
 

Design: 
Cross-sectional 
 
Setting: 
U.S.A. 
 
Sample: 
N=14827  
Gender 
Females (52%) 
Age  
20-39 years (45.5%) 
40-59 years (31.4%) 
≥60 years (23.1%) 
Education 
<High school (23.4%) 
High school (33.7%) 
Any college (42.9%) 
household income 
<$20,000 (31.7%) 
≥$20,000 (68.3%) 
 

Self-reported: 
Home age (1946, 1946-1973, or 1974 
to present) 
 
 

Self-reported: 
One-month recall 
 
Outcome measures: 
- Walking frequency (0-19 
times/month & ≥20 times/month) 
- Non-walking leisure-time physical 
activity frequency (0-19 times/month 
& ≥20 times/month) 
 
 
 
 

Urban areas 
Participants living in homes built in 
1946-1973 (OR .1.36 CI 1.13-1.65) & 
<1946 (OR 1.43 CI 1.03-1.98) more 
likely to walk ≥20 times/month 
compared with younger homes 
 
Rural Areas 
No association between home age & 
walking frequency 

Non-walking leisure-time physical 
activity not associated with home age 
in urban or rural areas 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Blanchard et al. 
2005) 

Design: 
Cross-sectional 
 
Setting: 
U.S.A. 
 
Sample: 
N=5996 adults 
 
  

Self-reported: 
Access to 9 commonly reported 
facilities in neighbourhood (yes/no) 
-Walking paths 
-Neighbourhood or mall walking 
program 
-Public park with playing fields 
-Public recreation centre 
-Swimming pool, beach or lake 
-Basketball or tennis courts 
-Health club or gym near home 
-Hiking trails 
-Organized sport 

Self-reported: 
Behavioural Risk Factor Surveillance 
Survey  (BRFSS) 
to measure frequency & duration of 
moderate & vigorous PA over 7-day 
period 
 
Outcome measures: 
-Total number of PA days calculated 
by adding moderate & vigorous days 
of PA for those whose combined 
minutes of PA were >30 minutes/day 
 
Other measures: 
-Social support 
-Self-efficacy 
-Body mass index 
-Comorbidity 
 

N/A Analysis stratified by body mass index  
 
Access to facilities in the 
neighbourhood was a significant 
predictor of PA for the normal weight 
(β = .05, p<.01) & overweight group 
compared with obese group (β = .08, 
p<.01)  
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample 
 

Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Booth et al. 2000) 
 

Design: 
Cross-sectional 
 
Setting: 
Australia 
 
Sample: 
N=2374 community dwellers 
N=402 (included in analysis) 
 
Gender 
Female (55%) 
Age 
60-64 years (33%) 
65-69 years (29%) 
≥70 years (38%) 
Employment 
Not working or retired (84%) 
Working (16%) 
 
 
 
 

Self-reported: 
- Exercise equipment at home 
-Safety/difficulty of walking in 
neighbourhood during the day 
- Access to facilities used for physical 
activity (e.g. exercise hall, recreation 
centre, cycle paths, golf course, gym, 
park, swimming pool, tennis courts, 
bowling greens) 
 
(Response format for all items: yes/no) 

Self-reported: 
Two-week recall of frequency & 
duration of:  
-Vigorous activity for exercise, leisure 
or recreation 
-Other moderate activities  
 
Outcome measure(s): 
- Sufficient (≥800 kcal/kg/week) 
- Insufficient (<800 kcal/kg/week) 
 
Other measures: 
-Social modelling 
-Self-efficacy 
-Social reinforcement 
-Attitudes 

N/A Compared with insufficiently active a 
greater proportion of sufficiently 
active reported: 
-Access to local hall  
(26.9% v 38.5%) 
-Access to rec. centre  
(34.1% v 46.9%) 
-Access to cycle track 
(37.2% v 46.9%) 
-Access to gym 
(63.7% v 81.0%) 
-Access to park 
(44.4% v 58.7%) 
-Safe footpaths 
(75.3% v 85.5%)   
 
Access to local park (OR 1.14, CI 
1.03-1.26) & perceiving footpaths as 
unsafe for walking (OR .57, CI .34-
.97) associated with participation in 
physical activity. 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample 
 

Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Brownson et al. 
2001) 

Design: 
Cross-sectional 
(Brownson et al. 2001) 
Setting: 
U.S.A.  
 
Sample: 
N=1818 
Gender 
Female (32.9%) 
Age 
18-29 years (26.8%) 
30-44 years (31.9%) 
45-64 years (26.3%) 
≥60 years (16.2%) 
Household income  
<$10,000 (19.1%) 
$10,000-<$20,000 (20.8%) 
$20,000-<$35,000 (21.5%) 
≥$35,000 (27.6%) 
Education 
<High school (18.2%) 
High school (30.1%) 
Some college (28.7%) 
College (23.0%) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Self-reported: 
Respondents asked: 
-Whether they had access to places to 
exercise.  
 
-Places where specific physical 
activity they had participated in had 
taken place. Presented in tables as 
walking/jogging trail, neighbourhood 
streets, park, shopping mall, indoor 
gym, treadmill. 
 
-Information about neighbourhood 
characteristics including sidewalks, 
enjoyable scenery, heavy traffic, hills, 
streetlights, unattended dogs, & foul 
air from cars/factories 
 
-High crime (considered as a social 
factor in this study) 

Self-reported: 
Duration of nonoccupational activities, 
walking, moderate-intensity & 
vigorous-intensity recreational activity 
 
Duration of moderate & vigorous 
occupational physical activities 
 
Outcome measures: 
- Moderate (5 times/week, 30 
minutes/activity) or vigorous (3 
times/week, 20 minutes/activity) 
- Insufficient (those doing something 
but less than moderate or vigorous) 
- Inactive (no moderate or vigorous) 
 
Other measures: 
-Social influences 
-Personal barriers  

N/A Factors associated with participating 
in recommended levels of physical 
activity 
 
Perceived access to: 
 - Indoor or outdoor places to exercise 
(OR 1.85, CI 1.39-2.47) 
- Jogging trail (OR 1.55, CI 1.19-2.02) 
-Parks (OR 1.95, CI 1.52-2.52) 
-Indoor gym (OR 1.94, CI 1.45-2.60) 
-Treadmill (OR 1.48, CI 1.13-1.93) 
 
Perceived presence of neighbourhood 
characteristics including: 
-Sidewalks (OR 1.28, CI 1.02-1.59) 
-Enjoyable scenery (OR 1.46, CI 1.13-
1.88) 
-Heavy traffic (OR 1.28, CI 1.04-1.58) 
-Hills (OR 1.28, CI 1.04-1.58) 
-High crime (OR .78, CI .60-1.01) 
 
Perceived enjoyable scenery most 
important among those with lower 
incomes (OR 1.53, CI 1.07-2.18) 
 
Perceived sidewalks most important 
among those with higher incomes (OR 
1.46, CI 1.08-1.97) 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample 
 

Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Brownson et al. 
2000) 

Design: 
Cross-sectional 
 
Setting: 
17 communities in 12 Southeast 
(rural) Missouri counties, U.S.A.  
 
Sample: 
N=1269 
Age 
18-39 years (29.6%) 
40-59 years (36.4%) 
 ≥60 years (33.6%) 
Gender 
Females (65.3%) 
Education 
≤Secondary school (70%) 
Some college or graduate (30%) 
Income 
<$15000 (39.7%) 
$15000-$35000 (29.2%) 
≥$35000 (20%) 
 

Self-reported:  
-Access to walking trails in the area 
-Access to indoor exercise facilities 
where exercise can be done 
-Use of walking trails 
-Perception of safety when using 
walking trails 
-How respondents found out about the 
walking trails 
-Aspects of trail most liked 
-Distance to trail 
-Trail surface 
-Trail length 
 
 

Self-reported: 
One month recall of regular walking  
 
Outcome measures: 
- Participation in >5 times & >30 
minutes/session  
- Change in exercise behaviour due to 
use of walking trails 
 
 

Regular walkers more likely to have 
access to indoor exercise facilities (OR 
1.3, CI 1.0-1.7) compared with non-
regular walkers. 
 
Regular walkers who had access to 
walking trails more likely (OR 1.7, CI 
1.0-2.7) than non-regular walkers to 
use the walking trails. 
 
 

N/A 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Burton et al. 
2005b) 
 
 
 

Design: 
Cross-sectional 
 
Setting: 
Brisbane, Australia 
 
Sample: 
N=1827 
 
Gender 
Female (54%) 
Age 
18-24 years (11%) 
25-34 years (20%) 
35-44 years (27%) 
45-54 years (29%) 
55-64 years (13%) 
Education 
School only (38%) 
Trade (26%) 
Diploma (13%) 
University (23%) 
 

Self-reported: 
Perceived characteristics of 
neighbourhood environment 
rated using agreement on a 5-point 
Likert-scale  
-Physical features (footpaths, public 
transport, services, streetlights) 
-Aesthetic features (perceived safety, 
ambience, cleanliness, friendliness) 
-Traffic (busyness of streets, extent of 
traffic flow) 
-Facilities (facilities for activity 
participation e.g. gyms, pools, paths) 
 

Self-reported: 
Frequency & total time participating 
in walking (for any reason), moderate 
& vigorous intensity activity over the 
past week. 
 
Outcome measures: 
- Walking (none/some) 
- Moderate activity (none/some) 
- Vigorous activity (none/some) 
- Achieving total activity sufficient for 
health (≥600 MET/minutes/week) 
 
Other measures: 
- Activity history  
- Perceived health 
- Cognitions  
- Self efficacy  
- Benefits & perceived barriers 
- Social Support 
 

Neighbourhood aesthetics contributed 
more to walking (i.e. .4% of the total 
variation) than the other activities 

Physical features & facilities 
accounted for .4% & .3% of the 
variance in vigorous physical activity, 
respectively 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Cao et al. 2006) Design: 
Cross-sectional 
 
Setting: 
Six middle income 
neighbourhoods in Austin, Texas, 
U.S.A. 
 
Sample: 
Traditional neighbourhoods  
N=245-281 
Gender 
Males (50-54%) 
Age (median) 
43.3-43.8 years 
Median income 
<$20000 (8-13%) 
>$100000 (9-10%) 
 
Early modern neighbourhoods  
N=220-226 
Gender 
Males (57-58%) 
Age (median) 
44-46.5 years 
Median income 
<$20000 (10-19%) 
>$100000 (4-6%) 
 
Late modern neighbourhoods 
N=192-204 
Gender 
Males (55%) 
Age (median) 
42-44.3 years 
Median income 
<$20000 (3%) 
>$100000 (4-9%) 

Self-reported: 
Perceptions of environment 
- Physical qualities within the 
neighbourhood (safety, shade, houses, 
scenery, traffic & people) 
- Physical qualities of local 
commercial area (stores, walk 
advantage, walk comfort) 
Importance of residential 
characteristics including: 
- Affordability of living unit 
- Quality of living unit 
- Quality of schools 
- Investment potential 
- Stores within walking distance 
- Attractiveness of neighbourhood 
- Level of upkeep in neighbourhood 
- Closeness to work 
- Closeness to friends & family 
 
Objective: 
Neighbourhood characteristics 
measured using GIS, maps aerial 
photos & site visits  
- Street characteristics (street width, 
level of shade & share of road with 
sidewalk) 
- Housing characteristics (mean front 
door setback, percent with front porch 
& design variation) 
- Neighbourhood street system (land 
area, street miles, percentage of T-
intersections, intersections/street miles, 
cul-de-sacs/street mile, blocks/land 
area, access points/land area)  
- Local commercial street (percentage 
of households within walking distance, 
location of entrances, traffic, level of 
sidewalk shading) 

Self-reported: 
Strolling trips around the 
neighbourhood & walking trips to the 
store in last 30-days 
 
Outcome measures: 
Strolling trips: 
- Mean trips in last 30-days 
- Percent strolling at least once in the 
last 30-days 
 
Transport trips  
- Mean trips to store in last 30-days 
- Percent walking to store at least once 
in the last 30-days 
 
Other measures: 
- Residential preference 
- Demographics 

Neighbourhood characteristics 
associated with strolling included: 
- Perception of safety coef. =.125, 
p<.001) 
- Perception of shade (coef. =.183, 
p<.001) 
 
Neighbourhood characteristics 
associated with walking to the store 
included: 
- Perception of traffic (coef. = .157, 
p<.05) 
- Perceive distance to nearest store 
(coef. = -.312, p<.001) 
 
Store characteristics associated with 
walking to the store included: 
- Perception of pedestrian connections 
(coef. = .392, p<.001) 
- Perception of stores (coef. = .209, 
p<.001) 
- Perception of walk advantage 
connections (coef. = .284, p<.001) 
- Perception of walk comfort (coef. = 
.180, p<.01) 
 
Results adjusted for residential 
preference, gender, age, employment 
status, income, and children at home 
 
 

N/A 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample 
 

Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Carnegie et al. 
2002) 

Design: 
Cross-sectional 
 
Setting: 
Wollongong, New South Wales, 
Australia 
 
Sample: 
N=1197 
Gender 
Females (57.4%) 
Age 
40-45 years (29.2%) 
46-50 years (25.4%) 
51-55 years (25.3%) 
56-60 years (20.1%) 
Education 
<10 years (15.5%) 
Year 10 (34.3%) 
Year 12 (29.0%) 
University (19.1%) 
 

Self-reported: 
Agreement (5-point Likert-scale) with 
items that included the following 
environmental factors: 
-Perceived safety of walking during 
the day & night 
-Friendliness of area 
-Attractiveness of local area 
-Pleasantness of walking near home 
-Beach, park or cycle way nearby 
-Amount of motor traffic in area 
-Extent to which dogs barking are a 
deterrent to walking in the area 
 
Aesthetics & practical environment 
scales determined from above items 
using confirmatory factor analysis 

Self-reported: 
Two week recall of frequency & 
duration of walking (for recreation & 
transport), moderate & vigorous 
activity 
 
Outcome measures:  
Total physical activity 
- inactive (<800 kcal/week) 
- active (≥800 kcal/week) 
 
Time walking  
- 0-20 minutes/week 
- 21-120 minutes/week 
- >120 minutes/week 
 
Other measures: 
-Stage of behaviour change  

Respondents walking for 21-120, & 
>120 minutes/week had better 
perception of aesthetic environment 
compared with those walking for ≤20 
minutes/week 
 
Respondents walking for 21-120, & 
>120 minutes/week had better 
perception of practical environment 
compared with those walking for ≤20 
minutes/week 
 
Respondents walking for >120 
minutes/week perceived traffic to be 
bothersome compared with those 
walking for ≤20 minutes/week 
 

Contemplators of physical activity 
perceived both the aesthetic 
environment & practical environment 
more negatively than those in 
maintenance stage 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Chad et al. 2005) Design: 
Cross-sectional 
 
Setting: 
Canada 
 
Sample: 
N=764 
 
Gender 
Male (19.6%) 
Age 
50-64 years (7.9%) 
65-79 years (45.9%) 
≥80 years (40.2%) 
Education 
<Secondary (20.4%) 
Secondary (37.2%) 
>Secondary (38.6%) 
Income  
<$20000 (33.6%) 
$20-30000 (17.1%) 
>$30000 (19.4%) 

Self-reported: 
Presence or absence of environmental 
features in the neighbourhood (within 
a 5-minutes walk or drive): 
-Hills, enjoyable scenery,  sidewalks, 
bike lanes/trails, walking trails, water 
fountains, benches, street lights, golf 
courses, public parks, skating rink, 
swimming pool, tennis courts, dance 
studio, recreation centre, heavy traffic, 
unattended dogs, active people, high 
crime,  & neighbourhood type (i.e. 
residential, commercial, or mixed) 
 

Self-reported: 
PA collected using the Physical 
Activity Scale for the Elderly (PASE). 
PAs included light, moderate, 
strenuous sport/recreational activities, 
strength exercise, light & heavy 
housework, home repairs, yard work, 
caring for another person, & work for 
pay or as a volunteer. 
 
Outcome measures: 
-PASE score derived from sum of 
products (duration of activity x 
weighting factor) 

N/A PASE score significantly (p<0.05) 
higher among those who reported the 
presence of: 
-Hills  (117.5 versus 106.3) 
-Bike lanes/trails (122.5 versus 103.6) 
-Walk lanes/trails (120.6 versus 98.9) 
-Street lights (112.4 versus 96.8) 
-Golf course (132.6 versus 106.5) 
-Parks (118.4 versus 89.8) 
-Skate rinks (134.6 versus 104.7) 
-Swimming pools (117.9 versus 
106.2) 
-Tennis courts (124.5 versus 105.9) 
-Unattended dogs (124.6 versus 107) 
-Active people (114.5 versus 93.1) 
 
PASE score highest among those who 
resided in residential (115.5), followed 
by mixed (100.7), & commercial 
(91.7) neighbourhoods. PASE score 
also higher among those absent of 
high crime (110.3 versus 108.0) & 
absent of benches (121.9 versus 
105.9). 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample 
 

Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Craig et al. 2002) 
 

Design: 
Cross-sectional 
 
Setting: 
27 Canadian neighbourhoods with 
diversity in urban design 
 
Sample: 
Mean neighbourhood population 
(n=10983) 

Objective: 
Environmental items were observer-
rated on a 10-point Likert-scale 
including  
-Destinations 
- routes  
-Visual interest 
-Stimulus 
-Aesthetics 
-Traffic threats 
-Obstacles 
-Crime  

Self-reported: 
Item measuring walking to work 
(yes/no) from the 1996 Canadian 
Census 
 
 

The percentage of the population 
walking to work was highest for urban 
areas & lowest for suburban areas  
 
Walking to work was significantly 
related to the environment score (1% 
increase in environment score =25% 
increase in walking to work) 

N/A 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(De Bourdeaudhuij 
et al. 2003) 

Design: 
Cross-sectional  
 
Setting: 
Ghent, Belgium 
 
Sample: 
N=521 
 
Gender 
Female (48.2%) 
Age (mean) 
41 years (±12.22) 
Employment 
Blue collar (31.9%) 
White collar (68.1%) 
Education 
Technical/vocational training 
(43.8%) 
General/higher education (56.2%) 
 

Self-reported: 
Neighbourhood environmental 
variables assessed included: 
- Residential density  
- Land use mix diversity  
- Ease of access to public transport 
stops 
- Access to local shopping 
- Availability of sidewalks & bike 
lanes 
- Neighbourhood aesthetics 
- Perceived safety from crime 
- Perceived safety from traffic 
- Connectivity of street network 
- Satisfaction with neighbourhood 
services 
- Emotional satisfaction with 
neighbourhood 
-Features of the worksite environment 
also examined 
-Quantity of exercise equipment at 
home 
-Convenience of physical activity 
facilities 
 

Self-reported: 
International Physical Activity 
Questionnaire (IPAQ) used to measure 
frequency & duration in of physical 
activity over past week. 
 
Outcome measures: 
-Total time spent sitting, walking, 
moderate intensity (walking not 
included) & vigorous intensity 
activities were calculated for the past 
week 
 
Other measures: 
-Body mass index 
 

Analysis stratified by gender 
 
Males 
Availability of sidewalks associated 
with walking (r =.14, p<.05) 
 
Females 
Land use mix (r =.15, p<.05) & ease 
of walking to public transportation 
stop (r =.16, p<.05) associated with 
walking 
 
Results adjusted for demographics 

Analysis stratified by gender 
 
Males 
-Presence of equipment at home (r 
=.28, p<.01) & satisfaction with 
neighbourhood services (r = .15, 
p<.05) associated with moderate PA  
-Convenience of PA facilities (r =.11, 
p<.05) & presence of equipment at 
home (r =.26, p<.01) associated with 
vigorous PA  
 
Females 
-Land use mix associated with 
moderate PA (r =.16, p<.05) 
-Presence of exercise equipment at 
home (r =.15, p<.05), convenience of 
facilities (r =.14, p<.05) & the 
worksite environment (r =.12, p<.05) 
associated with vigorous PA 
 
Results adjusted for demographics 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Deshpande et al. 
2005) 

Design: 
Cross-sectional  
 
Setting: 
Rural communities of South-
eastern Missouri, Tennessee & 
Arkansas, U.S.A. 
 
Sample: 
N=278 diabetics (included only 
those residing within 2 miles of a 
walking trail) 
 
Gender 
Male (28%) 
Age 
20-39 (8%) 
40-64 (53%) 
≥65 (39%) 
Income 
≥$25000 (56%) 
 

Self-reported: 
Perceptions of community 
characteristics including: 
- Many places to walk 
-Places for physical activity 
-Sidewalks 
-Shoulder on streets 
-Interesting things to look at 
-Tree-lined streets 
-Community well maintained 
-Community garbage free 
-Safe from crime 
-Safe from traffic 
 
-Respondents also rated the 
pleasantness of their community for 
physical activity 
 
 

Self-reported: 
Behavioural Risk Factor Surveillance 
System (BRFSS) survey & included 
frequency & duration of physical 
activity 
 
Outcome measures: 
- Regular PA (≥30 minutes on ≥5 
days/week) 
- Irregular PA (participated in any 
physical activity in the last month but 
did not exercise regularly) 
- No PA (participated in no physical 
activity in the last month) 
 
Other measures: 
-Health status 
-Physical Impairment 
-Body mass index 
-Physician advice to exercise 
-Community facility use 
-Neighbourhood social cohesion  
-Social engagement 
 

N/A Respondents rating their community 
as pleasant for physical activity more 
likely to be regularly active (OR 2.27, 
CI 1.07-4.81) 
 
Having many places to walk  
associated with regular PA (OR 2.30, 
CI 1.25-4.23) 
 
The availability of shoulders on streets 
was associated with regular PA (OR 
2.41, CI 1.29-4.49)  
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Doyle et al. 2006) Design:  
Cross-sectional  
 
Setting: 
35-counties from across U.S.A.  
(counties with populations of 
>500 000 included only) 
 
Sample:  
N=9252 
 
Gender  
Female (52%) 
Age (mean) 
46.8 years (± 20.03) 
Education (mean) 
10.9 years (± 3.96) 
 

Objective: 
Walkability of environment 
Calculated a composite measure based 
on 3 county indicators: 
-Negative of mean block sizes should 
be positively related to connectivity 
-Percent of all blocks having areas of 
less than 0.01 square miles 
-Number of 3-, 4- & 5 way 
intersections divide by the total 
number of road miles 
 
Safety of environment 
Measured using the 1991 county crime 
rate from the Uniform Crime Report 
(UCR) as reported in the 1994 County 
& City Data Book (U.S. Bureau of the 
Census) 
 
New York city crime rates were 
adjusted to better represent individual 
counties. 
 

Self-reported: 
Frequency of walking measured by 
whether or not respondents reported 
walking ≥1-mile without stopping in 
the last month (National Health and 
Nutrition Examination Survey III). 
 
Other measures: 
- Body mass index 
- Health 
- Demographics 

Walkability positively associated with 
frequency of walking ≥1-mile (Coeff. 
0.052, p <0.01) 
 
Crime rate was negatively associated 
with frequency of walking ≥1 mile 
(Coeff. -4.000, P <0.05), but no longer 
significant when included in the same 
model as walkability 
 
Results adjusted for age, gender, 
ethnicity, income, social support, 
smoking, and time in residence 

N/A 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Duncan & 
Mummery 2005) 

Design: 
Cross-sectional 
 
Setting: 
Rockhampton, Queensland, 
Australia 
 
Sample: 
N=1215 
 
 

Self-reported: 
Fifteen items collected information on 
environment on a 5-point Likert-scale 
including 
- Safe to walk in neighbourhood 
- Dogs frighten people who walk 
- Neighbourhood is friendly 
- Neighbourhood crime is high 
- Neighbourhood has pleasant walks 
- Shops/services within walking 
distance 
- Neighbourhood clean & tidy 
- Busy streets to cross 
- Footpaths in good condition 
- Heavy traffic 
- Safe to cycle in neighbourhood 
- Streets are well lit 
- There are steep hills 
- There are open spaces for walking 
 
Objective: 
- Nearest parkland (<600/>600m) 
-Nearest newsagent 
-Nearest shopping centre 
-No. dogs with 800m (tertiles) 
-Nearest path network of 300m 
-Nearest busy street  
 

Self-reported: 
Time spent walking for leisure or 
recreation, transport, & moderate & 
vigorous PA for ≥10 minutes in past 
7-days (Active Australia Physical 
Activity Questionnaire) 
 
Outcome measures: 
- Participation in sufficient PA (≥150 
minutes/week)  
- Any participation in recreational 
walking in past week  

Participation in recreational walking 
associated with: 
- Footpaths not being in good 
condition (OR 1.43, CI 1.02-1.99) 
- Not having closest footpath within 
400 metres (OR .31, CI .18-.55) 
- Having closest newsagent beyond 
600m (OR 1.65, CI 1.05-2.58) 
- Being in the middle tertile of dogs 
counts within 800m (OR 0.82, CI 
1.05-2.58) 
 
Results adjusted for gender, age, 
income, education, BMI, Self-
efficacy, social support, & perceived 
& objective environmental attributes 

Achievement of sufficient PA  
associated with: 
- Disagreement that the 
neighbourhood is clean & tidy (OR 
3.13, CI 1.48-6.64) 
- Having unacceptable connectivity to 
parklands (OR 1.40, CI 1.01-1.98) 
- Having closest parkland beyond  
600m (OR 1.41, CI 1.01-1.97)  
 
Results adjusted for gender, age, 
income, education, BMI, Self-
efficacy, Social support, & perceived 
& objective environmental attributes 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample 
 

Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Duncan et al. 
2002)  
 
 
 
 
 
 
 
 
 

Design: 
Cross-sectional  
 
Setting: 
56 metropolitan suburbs, North 
Western U.S.A. 
 
Sample: 
Residents:  
N=360 parents and N=360 
children 
N=655 (business representatives) 
Gender 
Children  
Females: (50%) 
Parents 
Females: (83.3%) 
Age (mean) 
Children:  (12 years) 
Adults:  (42 years) 
 

Self-reported: 
Opportunities for physical activity - 3-
items rated on a 5-point scale (strongly 
disagree - strongly agree) 
- ‘there are playgrounds, parks, or 
gyms close to my home or that I can 
get to easily, 
- ‘it is safe to walk or jog alone in my 
neighbourhood during the day’, 
- ‘it is difficult to walk or jog in my 
neighbourhood because of things like 
traffic, no sidewalks, dogs, gangs, etc.’ 
 
Mean score from three items 
determined 
 
 
 

Self-reported: 
Perception of own level of physical 
activity compared with others of the 
same age and gender. 
 
Outcome measures: 
One item - single score from 5-point 
scale (much less than others to much 
more than others). 
 
Other measures: 
-Perceived neighbourhood social 
cohesion  
-Perceived neighbourhood problems  
-Neighbourhood poverty 
 

N/A 
 
 
 
 
 
 
 
 

Perception of own physical activity 
level associated with physical activity 
opportunity (r =.96) 
 
Results adjusted for poverty and race  
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Ewing et al. 2003)  
 
 
 
 
 
 
 
 

Design: 
Cross-sectional 
 
Setting: 
U.S.A.  
 
Sample: 
N=38 2601  
 

Objective: 
Metropolitan sprawl index for 
metropolitan level analysis 
- Includes four dimensions: residential 
density, land use mix, degree of 
centring (based on development) & 
street accessibility 
- Items from each dimension (evenly 
weighted) summated & adjusted for 
size of area 
- County sprawl index also developed 
from available data for county level 
analysis 
- Indices inversely related to sprawl 
(increase in indices=decrease in 
sprawl) 
 
 
 
 

Self-reported: 
One-month recall 
 
Outcome measures: 
- Participation in physical activity 
- Participation in recommended level 
of physical activity (≥30 minutes of 
moderate intensity on ≥5 days/week or 
≥20 minutes  on ≥3 days/week) 
-Total minutes walked 
 
Other measures: 
- Body mass index 
- Health status 
 

County sprawl index Associated  with 
minutes walked (coef. .275)  
 
Metropolitan sprawl index Associated 
with minutes walked (coef. .338) 
 
(Counties are smaller units within 
metropolitan areas) 

County sprawl index  
Not associated with physical activity 
participation, but was related to 
recommended levels of physical 
activity (coef. .000872) 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Foster et al. 2004) Design: 
Cross-sectional 
 
Setting: 
England  
 
Sample: 
N=4157 
 
Gender 
Male (42.9%) 
Age 
16-24 years (7.0%) 
25-34 years (18.2%) 
35-44 years (19.8%) 
45-54 years (19.1%) 
55-64 years (16.4%) 
65-74 years (19.5%) 
Education 
‘A’ levels or higher (33.1%) 
Any qualification (33.7%) 
No qualification (33.3%) 

Self-reported: 
Seven-items about the physical 
environment (agreement/disagreement 
on 5-point Likert-scale or yes/no) in 
the neighbourhood: 
-safe to walk in the day  
-safe to walk in at night  
-park/open space within walking 
distance  
-local shops within walking distance  
-neighbourhood aesthetics  
-neighbourhood traffic  
-access to a leisure centre  
 

Self-reported: 
Frequency, duration, intensity & type 
of physical activity in the past 4-
weeks. Analysis included walking data 
only. 
 
Outcome measures: 
-Walk for ≥15 minutes/week (yes/no) 
-Walk for ≥150 minutes/week (yes/no) 

Analysis was stratified for males & 
females. 
 
Females 
Attributes negatively associated with 
walking for ≥15 minutes/week 
-low safety in the day (OR .53, CI .31-
.88) 
-low convenience of local shops (OR 
.72, CI .52-.99) 
 
Males 
Attributes positively associated with 
walking for ≥15 minutes/week 
-high convenience of parks/open space 
(OR 2.22, CI 1.18-4.35)  
 
Results adjusted for age, SES, 
education, self-reported health, & car 
ownership. 

N/A 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Frank et al. 2004) Design: 
Cross-sectional 
 
Setting: 
Atlanta, U.S.A. 
 
Sample: 
N=10 898  
(stratified by race & gender) 
 
Gender 
Female (53.9%) 
Age (mean) 
Black females: 41 years (±5.52) 
White females: 47 years (±16.33) 
Black males: 41 years (±4.97) 
White males: 46 years (±4.37) 

Objective: 
Urban form characteristics  
-Connectivity (measured at the 1 
kilometre network buffer) 
-Net residential density (measured at 
the census block group scale) 
-Land use mix (within a 1 kilometre 
distance from participant's home) 
 
 
 
 

Self-reported: 
Transportation related activity levels 
were measured by a self-reported 2-
day travel  
 
Outcome measures: 
- Distances walked calculated using 
GIS 
 
Other measures: 
- Body mass index 

Distance (kilometres) walked over 
two- days was significantly associated 
with land use mix among black 
females (r =.06) and white males (r 
=.05) and females (r =.05)  
 
Distance (kilometres) walked over 
two-days was significantly associated 
with intersection density among black 
females (r =.05) and white males 
(r=.06) and females (r=.08)  
 
Distance (kilometres) walked over 
two- days was significantly associated 
with residential density among white 
males (r=.05) and females (r=.07)  
 
Results adjusted for age, income, and 
education 
 

N/A 



 

 

 330 

Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Frank et al. 2006) Design: 
Cross-sectional 
 
Setting: 
King County, Washington, U.S.A. 
 
Sample: 
Neighbourhood Quality of Life 
Study (NQLS)  
N=1228 
 
Gender 
Male (55%)  
Age (median) 
44.0 years 
 
King County Land Use 
Transportation , Air Quality & 
Health Study (LUTAQH) 
N=5766 
 
Gender  
Male (48.5%) 
 

Objective: 
Walkability index including: 
- Net residential density 
- Intersection density 
- Land use mix 
- Retail floor area ratio 
 
Index represented environment 1 
kilometres from respondents home 
 
In LUTAQH other objective measures 
included: 
-Vehicle emissions (estimated the 
mean daily grams of oxides of nitrogen 
& volatile organic compounds for each 
trip) 
 
-Distance to transit  (network distance 
from place of residence to the nearest 
bus stop) 

Self-reported (in NQLS): 
International Physical Activity 
Questionnaire (IPAQ) to assess  
number of days & number of minutes 
spent walking or biking for 
transportation 
 
Outcome measures: 
-Total minutes of active 
transport/week (summed the weekly 
total minutes spent walking & biking) 
 
Self-reported (in LUTAQH): 
Participants completed a 2-day travel 
& activity diary recording the address 
& activities at each destination visited, 
purpose, day of the week, time of day, 
primary mode of travel & other 
persons (if any) accompanying them. 
 
Other measures: 
-Body mass index 

N/A Walkability index significantly 
associated with log minutes of active 
transport (β = .30, p<.001) 
 
 
 
Results adjusted for gender, age, 
education, ethnicity, children <18 
years, & household income 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Frank et al. 2005) Design:  
Cross-sectional 
 
Setting: 
13 metropolitan counties in 
Atlanta, U.S.A.  
 
Sample:  
N=523 
N=357 (included in analysis) 
Gender 
Female (55.7%) 
Age (mean) 
43.8 years (±11.54) 
Education 
Bachelor’s degree or higher 
(66.4%) 
Ethnicity 
White (74.9%) 
Black (15.9%) 
Other (9.2%) 
 
 

Objective: 
Urban form measures included: 
-Land use mix (evenness of square 
footage of residential, commercial & 
offices) 
-Intersection density 
(intersections/kilometre²) 
-Residential density 
(households/residential acre) 
-Walkability index (sum of weighted 
z-scores of the 3 land use variables) 
 
Urban form measured in 2-ways 
1) Within 1 kilometre grid system for 
target area selection purposes 
2) Within 1 kilometre road network 
based buffer around each participant’s 
place of residence 
 
-Walkable areas (net residential 
density greater than 6 dwelling 
unit/residential acre & ≥30 
intersections/kilometre²) 
-Less walkable areas (net residential 
density below 4 dwelling 
units/residential acre & <30 
intersections/kilometre²) 
 

Objective:  
Participants wore a Manufacturing 
Technology Incorporated 
accelerometer for 2-days 
 
Outcome measures: 
- Participation in moderate activity  
(≥30 minutes/day) 
 
 
Other measures: 
- Demographics 
 

N/A Moderate physical activity/day was 
significantly correlated with land use 
mix (r =.145, p<.01), net residential 
density (r =.179, p<.01) & intersection 
density (r = .111, p<.001) 
 
Walkability index associated with log 
minutes of daily moderate-intensity 
physical activity (Coeff. 0.006, 
p<0.05) 
 
Respondents in highest quartile of 
walkability more likely to achieve 
recommended moderate-intensity 
physical activity compared with 
lowest quartile (OR 2.40, CI 1.18-
4.88) 
 
Regression results adjusted for gender, 
age, education, and ethnicity 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Fuzhong Li et al. 
2005) 

Design: 
Cohort study 
 
Setting: 
28 neighbourhoods in Portland, 
U.S.A. 
 
Sample: 
N=303 
Gender 
Female (63.7%) 
Age (mean) 
73.9 years (±6.2) 

Self-reported: 
Rating of three neighbourhood 
variables on a 5-point Likert-scale 
including: 
-Neighbourhood social cohesion  
 -Neighbourhood physical activity 
facilities (presence of playgrounds, 
parks or gyms close) 
-Safety of walking in the 
neighbourhood 
 
Individual environment scores were 
aggregated to create a mean score for 
each neighbourhood. 

Self-reported: 
Neighbourhood walking measured 
over past 12-months on a 5-point 
Likert-scale (not at all to a great deal) 
including: 
- Walked or strolled in your 
neighbourhood 
- Walked or done any other physical 
activity with neighbours 
- Gone to a neighbourhood park for 
walks or other physical activities 
Outcome measures: 
-Neighbourhood walking score (mean 
scores for the three types of walking) 
for baseline & 3, 6 & 12-month 
follow-ups 
 
Other measures: 
- Cognitions 
- Demographics 
 

Neighbourhoods with safe walking 
environments (β = 0.44, p<.05) & 
access to physical activity facilities (β 
= 0.61, p<.05) had lower rates of 
decline in walking activity over the 12 
month period. 
 
Results adjusted for social cohesion, 
self-efficacy, health status, education, 
income 

N/A 



 

 

 333 

Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Garcia 
Bengoechea et al. 
2005) 
 

Design: 
Cross-sectional 
 
Setting: 
Alberta, Canada 
 
Sample: 
N=1209 
Gender 
Male (49.6%) 
Age (mean) 
Male: 41.4 years (±15.4) 
Female: 43.6 years (±16.2) 

Self-reported: 
International Physical Activity 
Prevalence Study Environmental 
Survey Module used. Included 9-items 
rated on a 4 point scale and measured 
neighbourhood characteristics related 
to: 
- Access to shops 
- Recreation facilities 
- Presence of sidewalks & bicycle 
paths 
- Level of crime 
- Traffic volume 
- People physically active in the 
neighbourhood 
- Interesting things to look at 
- Access to place to do physical 
activity 

Self-reported: 
Godin Leisure Time Exercise 
Questionnaire captured weekly 
frequency of strenuous, moderate & 
light leisure time physical activity 
(LTPA) 
 
Outcome measures: 
-Women sufficiently active if 
expended 35 METs/week and men 
sufficiently active if they-expended 38 
METs/week 
 
Other measure: 
- Self-efficacy  
 

N/A 
 

Higher levels of LTPA in men were 
associated with the perceived presence 
of shops (OR 1.73, CI 1.06-2.84), 
interesting things (OR 1.65, CI 1.08-0-
2.53), and easy access (OR 1.82, CI 
1.00-3.31) 
 
No significant associations were 
observed between the environment 
and physical activity among women 
when adjusted for age, education, 
income, location & self-efficacy 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Giles-Corti et al. 
2005a) 

Design:  
Cross-sectional 
 
Setting: 
Perth, Australia 
 
Sample:  
N=1773 (survey respondents) 
N=772 (observational study) 
 
Gender 
Female (67.9%) 
Age 
18-29 (26.2%) 
30-39 (28.4%) 
40-49 (27.1%) 
50-59 (17.2%) 
Education 
Subsecondary (21.5%) 
Secondary (23.5%) 
Trade School (5.4%) 
Certificate (22.5%) 
Tertiary (27%) 
SES of area of residence 
Disadvantaged (48.5%) 
Advantaged (51.5%) 

Objective: 
Public Open Spaces Tool (POST) 
Audit of public open space (POS) 
collecting environmental data related 
to: 
 
-Activities (types of usage & specific 
activity the space was designed for) 
-Environmental quality (presence of 
features including birdlife, presence & 
placement of walking paths, the 
amount & quality of shade along 
paths, park contours, lawns were 
irrigated, whether dogs were allowed 
& the presence of graffiti) 
-Amenities (presence of kids play 
equipment, barbecues, picnic tables, 
parking facilities, public toilets, public 
transport within 100m, seating, fencing 
within park, clubrooms/meeting 
rooms, rubbish bins, drinking 
fountains, kiosk/cafe, presence & 
height of boundary fencing & 
availability & amount of car parking) 
-Safety (presence of lighting, visibility 
of surrounding houses or roads, type of 
surrounding roads & presence of 
crossing) 
 
-Total score & attractiveness score 
calculated for each POS. 
-Distance from home to all POS in 
study area using Geographic 
Information Systems (GIS)  
-Size of POS  
 
 
 

Self-reported: 
Frequency & duration of vigorous 
activity, light-moderate activity, 
walking for recreation & walking for 
transportation in the last two weeks 
 
Objective: 
Researchers noted the type of activity 
POS users were engaging in (passive 
& active pursuits) e.g. picnicking or 
active recreation & total time spent at 
the POS 
 
Outcome measures: 
- Use of POS for physical activity in 
the past two weeks (yes/no) 
- Overall sufficient physical activity 
(accumulation of the equivalent of 30 
minutes of moderate activity on most 
days of the week) 
 - ≥5 sessions of walking/week, 
totalling ≥150 minutes/week 
- ≥6 sessions of walking/week, 
totalling ≥180 minutes/week 
 
 
 

Respondents with very good access to 
attractive & large POS were more 
likely to achieve 180 minutes of 
walking/week (OR 1.50, CI 1.06-
2.13). 
 
 
 
 
Results adjusted for age, gender, 
education, children aged<18 years at 
home & socioeconomic status of area 
of residence  
 

70% of walkers & joggers & 75% of 
cyclist used high scoring POS  
100% of organized sports were in low 
scoring POS  
 
Results adjusted for age, gender, 
education, children aged<18 years at 
home & socioeconomic status of area 
of residence  
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample 
 

Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
Physical Activity 

Associations with physical activity 
other than walking 

(Giles-Corti & 
Donovan 2002a) 

Design: 
Cross-sectional  
 
Setting: 
Perth, Australia 
 
Sample: 
1803 (N=1773 included in 
analysis)  
 
Gender 
Females (63.5%) 
Age 
18-24 (15.7%) 
25-34 (25.9%) 
35-44 (26.4%) 
45-59 (28.7%) 
 

Objective: 
- Functional environment -  
interviewer noted whether the street 
had a footpath (on both or one side of 
street or a shop visible in the street) 
- Appeal of environment - interviewer 
noted the type of street (cul-de-sac, 
minor local road, major local road, 
highway or major thoroughfare, & 
whether the street was tree lined, had 
good, medium, poor, mixed or no tree 
coverage.   
 
- Access to built facilities - total 
spatial access to six purpose built 
recreational facilities (golf courses, 
gym/health club/exercise centres, sport 
& recreational centres/swimming 
pools, tennis courts & public open 
space.   
 
- Access to natural facilities - total 
spatial access to naturally occurring 
recreational facilities such as the river 
& beach.   
 
 
 
 
 
 
 
 
 
 
 

Self-reported: 
Frequency & duration of vigorous 
activity, light to moderate activity, 
walking for recreation & walking for 
transport in the last two weeks 
 
Outcome measures: 
-Exercising as recommended defined 
as the equivalent of 30 minutes of 
moderate activity (4 MET) daily (or 
≥840 MET/week) 
 
Other measures: 
- Individual factors  
- Cognitive factors 
- Social factors  
 
 
 
 
 

 N/A No association functional environment 
& appeal of environment & exercising 
as recommended. 
 
Non-significant negative association 
between poor spatial access to built & 
natural facilities & exercising as 
recommended. 
 
When all environmental variables in 
the final model combined as a score, 
& compared with scores for individual 
& social environmental factors, those 
with a positive physical environment 
(based on spatial access variables) 
43% more likely to exercise as 
recommended (OR 1.43, CI 1.09-
1.88).   
 
The results suggested that the physical 
environment’s influence on exercising 
as recommended overall, secondary to 
individual & social environmental 
factors.   
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample 
 

Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Giles-Corti & 
Donovan 2002b) 

Same as previous table.   
 
 

Self reported: 
Perceptions of neighbourhood 
environment using 11-items measured 
on a five-point scale factor analyzed to 
form three scales:   
-Neighbourhood attractiveness, safety 
& interest, social support for walking 
locally, traffic & traffic hazards. 
-Perceptions that sidewalk available in 
neighbourhood (yes/no) 
-Agree/disagree shops within walking 
distance. 
 
Objective: 
Spatial access to golf courses, 
gym/health club/exercise centres/sport 
& recreational centres, swimming 
pools, tennis courts, attractive public 
open space, beaches & the river.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Self reported: 
Frequency & duration of vigorous 
activity, light to moderate activity, 
walking for recreation & walking for 
transport in the last two weeks 
 
Outcome Measures: 
-Any walking for transport in the past 
2 weeks (yes/no) 
-Any walking for recreation in the past 
two weeks (yes/no) 
- Walking as recommended (6 x 30 
minute sessions of walking/week) 
 -Any vigorous activity in the past two 
weeks (yes/no) 
-Exercising vigorously at 
recommended levels (not defined) 
 
Other measures: 
-Access to a motor vehicle  
 

Being in the top quartile of access to 
public open space associated with 
walking for transport & walking as 
recommended (OR 1.35, CI 1.05-1.73, 
OR 1.43 CI 1.07-1.91), being in the 
top quartile of access to the beach 
associated with walking for recreation 
(OR 1.49, CI 1.14-1.93) & negatively 
associated with walking for transport 
(OR .62, .48-.81). 
 
Perceiving neighbourhood to be 
attractive, safe & interesting 
associated with walking for recreation 
(OR 1.49, 1.14-1.95) & walking as 
recommended (OR 1.50, 1.08-2.09) as 
were perceptions that there was social 
support to walk locally (OR 1.80, CI 
1.36-2.40, OR 1.52, CI 1.09-2.11 
respectively). Perceiving sidewalks 
present (OR 1.65, CI 1.12-2.41), a lot 
of traffic & busy roads (OR 1.26, CI 
1.01-1.56) & a shop within walking 
distance (OR 3.00, CI 2.04-4.40) 
associated with walking for transport.   

Any vigorous activity & exercising 
vigorously as recommended  
associated with being in the top 
quartile to the beach (OR 1.38, CI 
1.07-1.79, OR 1.59, CI 1.14-2.19 
respectively), perceiving the 
neighbourhood as attractive safe & 
interest (OR 1.38, CI 1.07-1.79 & OR 
1.46, CI 1.07-2.01) & that there are 
sidewalks available (OR 1.52, CI 
1.05-2.21 & 2.73, CI 1.39-5.37)  
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample 
 

Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Giles-Corti & 
Donovan 2003) 

Same as previous table.   
 

Objective: 
Spatial access to golf courses, 
attractive public open space, beaches 
& the river.   
 
- Functional environment -  
interviewer noted whether the street 
had a footpath (on both or one side of 
street or a shop visible in the street) 
- Appeal of environment - interviewer 
noted the type of street (cul-de-sac, 
minor local road, major local road, 
highway or major thoroughfare, & 
whether the street was tree lined, had 
good, medium, poor, mixed or no tree 
coverage).   
 
 

Self-reported: 
Frequency & duration of walking for 
recreation & walking for transport in 
the past two weeks.   
 
Outcome measures: 
- ≥12 sessions of walking in the 
previous 2-weeks totalling 360 
minutes. 
 
Other measures: 
- Individual factors  
- Cognitive factors 
- Social factors  
 

Association between the functional 
environment (e.g. the presence of 
sidewalks & a shop) & appeal of 
environment (e.g. minor traffic & 
some trees) not statistically significant 
(OR 1.45, CI .82-2.59 & OR 1.62, CI 
.98-2.67 respectively).    
 
Being in the top quartile of spatial 
access to attractive public open space 
associated with walking as 
recommended (OR 1.47, CI 1.00-
2.15).   
 
When all environmental factors in the 
final model combined as a score, & 
compared with scores for individual & 
social environmental factors, those 
with a positive physical environment 
more likely to walk as recommended 
(OR 2.13, CI 1.54-2.94).   
 

N/A 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample 
 

Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Greenwald & 
Boarnet 2001)  

Design: 
Cross-sectional 
 
Setting: 
Three country areas surrounding 
Portland, Oregon, U.S.A.  
 
Sample: 
N=1084 

Objective: 
Urban form 
-Ease of street crossing, sidewalk 
continuity, street connectivity, 
topography-used to develop pedestrian 
environmental factors (PEFS) score at 
home location 
-Quadrilateral street sections (sum) 
within 400 metre radius of household 
(PTCGRID) 
 
Trip cost variables 
-Median trip distance 
-Median trip speed 
 
Population density 
-Regional level (zip/postal code) 
-Neighbourhood level (Census block) 
 
Density of retail employment 
- 1.61 kilometre radius of household  
- Zip/postal code (per square mile) 
 
 

Self-reported: 
Two-day travel diary 
 
Outcome measures: 
-Frequency of non-work walking 
trips/person over two days 
 
 
 

Census block level: 
Population density associated with 
frequency of  walking trips (probit 
coef .000028, z =2.985), when socio-
demographics & land use 
characteristics (PEFS, density of retail 
employment) were included in model 
 
Population density (probit coef. 
.000291, z = 3016) & median trip 
distance (probit  coef. -.047444, z =-
2.229) associated with frequency of 
walking trips, when socio-
demographics, land use & trip cost 
characteristics were in model 
 
Models including individual land use 
variables showed  that population 
density, retail density, PTCDGRID & 
PEFS each positively  significantly 
contributed to frequency of walking 
trips  
 
Zip/Postal code level: 
No land use characteristics at this level 
significantly contributed to the 
frequency of walking 

N/A 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Handy et al. 2006) Design:  
Quasi-longitudinal and cross-
sectional 
 
Setting: 
8 neighbourhoods in Northern 
California, U.S.A. 
 
Sample:  
N=1672 (selected from sample of 
residents who had moved into 
home in the last year & residents 
who had not) 
 
Traditional Neighbourhoods 
N=215-271 
Gender 
Females (47.3%-58.2%) 
Age (mean) 
43.3-51.3 years 
Cars/household (mean) 
1.5-1.8 vehicles 
Household income (median) 
$45500-$98700 
 
Suburban Neighbourhoods 
N=165-220 
Gender 
Female (46.9%-54.9%) 
Age (mean) 
45.6-54.7 years 
Cars/household (mean) 
1.66-1.88 vehicles 
Household income (median) 
$49500-$95000 
 
 
 
 

Self-reported: 
Thirty-four item survey using a 4- 
point scale (not at all true to entirely 
true) to measure current 
neighbourhood with those moving 
asked to rate their previous 
neighbourhood as well as their 
personal preference on: 
- Accessibility  
- Physical activity options 
- Safety 
- Socializing 
- Outdoor spaciousness 
- Attractiveness 
 
Objective: 
Estimated accessibility for each 
respondent based on distance from 
home to destinations classified as: 
- Institutional (church, bank, library, 
post office) 
- Maintenance (grocery store, 
convenience store, pharmacy) 
- Eating out (pizza, bakery, ice cream, 
take out) 
- Leisure (health club, bookstore, bar, 
theatre, video rental) 
 
Change in built environment for 
movers (i.e. the difference between 
current & previous neighbourhood) 
examined 

Self-reported: 
- Number of times respondents walked 
to the store in the last 30-days 
- Number of time respondents strolled 
around the neighbourhood in the last 
30-days 
 
Change in walking (walking to store 
or strolling) & change in biking was 
measured on a 5-point scale (less to 
more) either from just before the move 
(for the movers) or from one year ago 
(for the non-movers) 
 
Other measures: 
- Drivers license status 
- Auto ownership 
- Health  
- Travel attitudes  

Change in frequency of walking 
(either greater increase or smaller 
decrease since moving house) was 
associated with: 
 - Increased perceived attractiveness 
(Ordered Probit coef. = .200, p<.001) 
- Increase in perceived safety (Ordered 
Probit coef. = .150, p<.001)  
- Increase in perceived physical 
activity options (Ordered Probit coef. 
= 0.103, p<.001) 
- Increase in perceived accessibility 
(Ordered Probit coef. = .103, p<.001) 
- Decreased outdoor spaciousness 
(Ordered Probit coef. = -.068, p<.05) 
 
- Increased number of banks (Ordered 
Probit coef. = .091, p<.01) and variety 
of businesses within 1600 metres 
(Ordered Probit coef. = .073, p<.05) 
-Increased distance to the nearest bank 
(Ordered Probit coef. = .082, p<.05) 
 
 

Change in frequency of cycling (either 
greater increase or smaller decrease 
since moving house) was associated 
with: 
- Increased distance to health club  
(Ordered Probit coef. = .071, p<.05) 
- Increased variety of businesses 
within 1600 metres (Ordered Probit 
coef. = .090, p<.05) 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample 
 

Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Handy & Clifton 
2001) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Design: 
Cross-sectional 
 
Setting: 
Six middle income 
neighbourhoods in Austin, Texas, 
U.S.A. 
 
Sample: 
Traditional neighbourhoods  
N=245-281 
Gender 
Males (50-54%) 
Age (median) 
43.3-43.8 years 
Median income 
<$20 000 (8-13%) 
>$100 000 (9-10%) 
 
Early modern neighbourhoods  
N=220-226 
Gender 
Males (57-58%) 
Age (median) 
44-46.5 years 
Median income 
<$20 000 (10-19%) 
>$100 000 (4-6%) 
 
Late modern neighbourhoods 
N=192-204 
Gender 
Males (55%) 
Age (median) 
42-44.3 years 
Median income 
<$20 000 (3%) 
>$100 000 (4-9%) 

Objective: 
Neighbourhoods defined based on 
year of development: 
-Traditional (early 1900’s) which has 
more local shopping opportunities, 
that are pedestrian orientated 
-Early modern (1950-1970) which 
have lots of local shopping 
opportunities, but has larger stores (i.e. 
chain stores). Almost entirely 
automobile orientated 
-Late modern (≥1970) which have 
fewer local shopping opportunities, 
few pedestrian connections between 
neighbourhood & commercial areas 
 (Two neighbourhoods in each 
category)  
 
Other objective: 
-Stores within ½ mile 
-Mean miles to nearest store 
-Mean miles to nearest food store 
-Type of stores (Practical,  Specialty, 
& Regional)  
-Size, quality & design  
 
Perception of environmental factors 
related to local stores 
-Store factor (meets needs/store 
quality) 
-Incentive (within walking 
distance/hard to park) 
-Comfort & access (comfort of 
walking/safety of walking/busy 
streets) 
 
 
 
 

Self-reported: 
- Walking trips in the last 30 days 
 
Outcome measures: 
- Mean frequency of walks to local 
stores 
-Percent walking to local stores  
-Mean frequency of walks to local 
stores for those living within: 
¼ mile 
¼ mile to ½ mile 
½ mile to ¾ mile 
¾ mile to 1 mile 
 
 

Proportion choosing to walk to local 
stores was generally higher for 
traditional neighbourhoods (15-42%) 
than non-traditional neighbourhoods 
(2-17%) 
 
Proportion walking to store at least 
once generally higher for traditional 
neighbourhoods (44-79%) than non-
traditional neighbourhoods (21-48%) 
 
Frequency of walks to local store 
generally higher among traditional 
neighbourhoods (2.1-6.4) non- 
traditional neighbourhoods (.7-2.5%) 
 
Environmental factors associated with 
walking to the store (linear 
regression): 
- Miles to store (coef. = -3.81) 
- Store factor (coef.=.76) 
- Incentive (coef. =.54) 
- Comfort (coef. = .91) 
 
 

N/A 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Hoehner et al. 
2005) 

Design: 
Cross-sectional 
 
Setting: 
St Louis & Savannah, U.S.A.  
 
Sample: 
N=1053  
N=460 (St Louis: low- walkable 
city)  
N=593 (Savannah: high-walkable 
city) 
Gender 
Male (34.2%) 
Age 
18-24 years (11.6%) 
25-44 years (37.5%) 
45-64 years (31.5%) 
≥65 years (19.4%) 
Ethnicity 
Non-Hispanic white (63.6%) 
Non-Hispanic black (32.6%) 
Other (3.8%) 
Education 
<High school (12.5%) 
High school (21.1%) 
>High school (66.3%) 
 

Self-report: 
Perceived environmental factors 
(either counts or level of agreement)  
 
Objective:  
Environmental audit of the physical 
environment including all street 
segments within a 400 metres of each 
respondents home 
 
Objective & self-report data collected 
for: 
- Land use 
- Recreational facilities 
- Transportation environment  
- Neighbourhood aesthetics 
- Social environment 

Self-reported: 
International Physical Activity 
Questionnaire (IPAQ) used to capture 
physical activity over the past 7-days 
across 4 domains: 
- Occupation 
- Transportation (walking/cycling) 
- House/yard work 
- Recreation/leisure 
 
Outcome measures: 
Transportation activity 
- Participation in transportation 
activity (none/any) 
- Meeting recommendations through 
transportation activity only 
(walking/bicycling 5 times/week for 
30 minutes/activity) 
 
Recreational activity 
- Meet public health recommendations 
through recreational activities 
(walking or moderate activity 5 
times/week ≥30 minutes/activity or 
vigorous activity 3-times/week ≥20 
minutes/activity) 

N/A Odds of participating in any transport-
related PA associated with: 
-Perceiving many destinations within 
walking distance (OR 2.0, CI 1.2-3.2)  
-A higher perceived count of specific 
destinations (OR 1.5-2.4, p<.05) 
-Count of non-residential (OR 1.5-3.5, 
p<.05) & specific destinations (OR 
2.3, p<.05) 
-Having more segments with minimal 
cracks in the sidewalk (OR .6, p<.05) 
-Having more segments with a bus 
stop (OR 1.5, CI 1.0-2.3) 
-Number of segments with trees, 
benches, or other comfort amenities 
(OR 1.6, CI .3-.7) 
 
Odds of participating in recommended 
PA through recreational-related 
activities associated with: 
 
-Perceived (OR .4, .3-.6) & 
objectively measured (OR 0.4) 
neighbourhood being free of garbage, 
litter, or broken glass 
-Count of non-residential (OR 1.3-3.3, 
p<.05) & specific destinations (OR 
2.5, p<.05) 
-Having more segments with minimal 
cracks in the sidewalk (OR .5 ,CI .3-
.8) 
-Having more segments with a bus 
stop (OR 1.6, CI .99-2.6) 
 
Perceived count of recreational 
facilities associated with meeting 
recommended levels of PA through 
recreational PA. 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Humpel et al. 
2004a) 
 
 
 
 
 
 
 
 
 

Design: 
Cross-sectional 
 
Setting: 
A regional coastal city & 
surrounding suburbs, Australia 
 
Sample: 
N=399 (≥40 years) 
Gender 
Male (42.6%) 
Age 
40-59 years (51.5%) 
≥60 years (48.5%) 
Location 
Coastal (72.8%) 
Non coastal (27.2%) 
 

Self-reported: 
Perceived environmental attributes 
captured using 20 items rated on a 10-
point scale: 
- Aesthetics  
- Accessibility 
- Safety 
- Weather 
 
Objective: 
Location of residence was categorized 
as coastal or non coastal based on 
participants postcodes 
 

Self-reported: 
Frequency & duration of walking for 
exercise, walking for pleasure, 
walking to get to & from places or 
walking for any reason in the 
neighbourhood/week 
 
Outcome measures: 
- Time/week walking for each specific 
walking type 
 

Males: 
- More likely to be a high 
neighbourhood walker if they reported 
high positive perceptions of aesthetics 
(OR 7.43, CI 1.92-28.82)  
- More likely to be a high exercise 
walker if they reported high 
accessibility (OR 3.86, CI 1.03-14.46) 
- Less likely to be a high pleasure 
walker if they reported high safety 
(OR .22, CI .06-.78)  
 
Females: 
- More likely to be a high 
neighbourhood walker if they lived 
near the coast (OR 3.32, CI 1.51-7.29) 
- More likely to be a high pleasure 
walker if they perceived accessibility 
to be moderate (OR 3.51, CI 1.64-
9.15) 
 
Results adjusted for age and education 

N/A 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Humpel et al. 
2004b) 

Design:  
Cross-sectional 
 
Setting: 
Small regional city, Australia 
 
Sample:  
N=800 (university staff) 
Gender 
Females (49.8%) 
Age (mean) 
43 years 
 
 
 

Self-reported: 
Perceived neighbourhood 
environmental attributes 
Including 8-items, rated on a 10-point 
scale: 
- Aesthetics of neighbourhood 
(friendliness of people & enjoyable 
scenery) 
- Convenience of walking (rate 
distance to beach or park, accessibility 
of path or cycle way for walking & 
how convenient is it to walk in your 
neighbourhood) 
- Access for walking (rate the walking 
distance to the shops & to the bus or 
train station) 
- Traffic (how much of a problem is 
traffic when walking in your 
neighbourhood) 
 
Aesthetics, convenience & access were 
categorized as low, moderate or high. 
Traffic was categorized as big 
problem, moderate or no problem. 
 
Objective: 
Participant’s postcodes were 
categorized as coastal or non-coastal 

Self-reported: 
International Physical Activity 
Questionnaire (IPAQ) measured 
frequency & duration of each activity 
(walking, moderate intensity or 
vigorous intensity) over the past 7-
days 
 
Frequency & duration of 
neighbourhood walking was also 
measured 
 
Outcome measures: 
- Total physical activity time 
- Total walking time 
- Neighbourhood walking time  
 
 

Analysis stratified by gender. 
 
Men significantly more likely to walk 
in their neighbourhood if: 
- they lived in a coastal location (OR 
1.66, CI 1.04-2.67) 
- Rated environmental aesthetics as 
high (OR 1.91, CI 1.08-3.37) or 
moderate (OR 1.77, CI 1.06-3.37) 
- Rated convenience of facilities as 
high (OR 2.20, CI 1.21-3.99) 
- Rated access to facilities as high (OR 
1.98, CI 1.12-3.49)  
 
Among men total walking was 
associated with high access to 
facilities (OR 2.09, CI 1.20-3.64)  
 
Neighbourhood walking in women 
was associated with high (OR 3.78, CI 
2.12-6.73) & moderate (3.19, CI 1.81-
5.59) ratings for convenience  & high 
access (OR .48, CI .27-.87) 
 
For women total walking associated 
with moderate access to facilities (OR 
1.92, CI 1.10-3.37) 
 
 
 
 
 
 
 
 
 

Analysis stratified by gender. 
 
For men participation in total physical 
activity associated with high 
convenience (OR 1.82, CI 1.02-3.24) 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Huston et al. 
2003) 

Design:  
Cross-sectional 
 
Setting: 
Counties in North Carolina, 
U.S.A. 
 
Sample:  
N=1796 
Gender 
Females (52.1%) 
Age 
18-29 years (23.3%) 
30-44 years (33.2%) 
45-64 years (28.5%) 
≥65 years (15.0%) 
Education 
Less than high school (10.3%) 
High school or GED (26.8%) 
Some college (23.2%) 
College graduate (39.6%) 
Income (annual) 
<$20, 000 (15.8%) 
$20,000-49,999 (40.4%) 
≥$50,000 (43.9%) 
 

Self-reported: 
Perceived neighbourhood 
environmental attributes including 
whether respondents neighbourhood 
had: 
- Sidewalks 
- Heavy traffic 
- Streetlights 
- Unattended dogs 
- Trails 
 
Neighbourhood safety assessed by 
respondent indicating whether 
neighbourhood was safe from crime 
 
Respondents also asked whether they 
had access to places for physical 
activity and whether these were 
indoor, outdoor, or both 
 

Self-reported: 
Behavioural Risk Factor Surveillance 
System (BRFSS) survey & included 
frequency & duration of two physical 
activities most commonly undertaken 
in the past month 
 
Place where physical activity took 
place also reported  
 
Outcome measures: 
-Any physical activity 
-Recommended physical activity (i.e. 
moderate activity 5 times/week ≥30 
minutes/activity or vigorous activity 3-
times/week ≥20 minutes/activity) 

N/A Respondents reporting having access 
to places for physical activity more 
likely to participate in any physical 
activity (OR 1.94, CI 1.24-3.04) 
adjusting for other environmental and 
demographic factors 
 
Respondents reporting having access 
to places for physical activity (OR 
2.10, CI 1.19-3.69) and trails in 
neighbourhood (OR 1.46, CI .95-2.25) 
more likely to participate in 
recommended physical activity  
adjusting for other environmental and 
demographic factors 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
  

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(King et al. 2000) Design: 
Cross-sectional 
 
Sample: 
N=29120 females 
Age 
40-49 years (38.5%) 
50-59 years (26.1%) 
60-69 years (20.3%) 
≥70 years (15.1%) 
Education 
<High school (27.1%)  
High school (30.8%) 
Some college (21.2%) 
College (14.0%) 
Post college (6.7%) 
Income 
<$10 000 (19.2%)  
$10 000-$19 000 (21.0%) 
$20 000-$34 000 (19.8%) 
$35 000-$49 000 (13.5%) 
≥$50 000 (10.3%) 
 

Self-reported: 
Presence of 8 neighbourhood 
characteristics: 
-Sidewalks 
-Heavy traffic 
-Hills 
-Streetlights 
-Unattended dogs 
-Enjoyable scenery 
-Frequent observation of others 
exercising 
-High levels of crime 

Self-reported: 
Two-week recall of frequency & 
duration of vigorous & moderate 
physical activity 
 
Outcome measures: 
- Sedentary (no participation) 
- Active (≥3 sessions of jogging, 
running, hiking, biking, swimming, 
dancing for ≥20 minutes resulting in 
medium to large increases in heart rate 
or ≥5 sessions ≥30 minutes or activity 
with some increase in heart rate) 
- Under-active (not inactive & not 
sufficiently active) 
 
Other measures: 
-Health status 
-Psychosocial factors 
-Physical activity administration  
 

N/A Among neighbourhood characteristics 
the presence of hills (OR 1.46, CI 
1.22-1.75), unattended dogs (OR 1.20, 
CI 1.01-1.42), enjoyable scenery (OR 
1.42, CI 1.12-1.79), & frequently 
seeing other exercise (OR 1.26, CI 
1.06-1.50) was associated with greater 
likelihood of being active/under-active 
compared with being sedentary 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(King et al. 2005) Design: 
Cross-sectional 
 
Setting: 
Pittsburgh, U.S.A. 
 
Sample: 
N=158 (postmenopausal women)  
 
Age (mean) 
57.3 years (± 3.0) 
Education 
<Bachelors degree (53.8%) 
≥Bachelors degree (46.2%) 

Objective: 
Physical environmental data from U.S. 
census & GIS including: 
-Median year homes built (pre 1950, 
1950-1969, post 1969) 
- Presence of facilities within 1500 
metres road network (bike/walk trail, 
golf course, park, art gallery/museum, 
department/discount/hardware, library, 
post office, shopping centre)  
-Summary score (0-7) of the different 
destinations was derived 
 

Objective: 
Yamax pedometer worn for 7-
consecutive days. 
 
Outcome measures: 
- Mean daily steps 
 
 

Having a post office (β = 7.01, p<.05) 
and a golf course (β = 8.92, p<.05) 
was associated with higher steps/day. 
 
Residing in a neighbourhood where 
homes were built between 1950 and 
1969 was associated with higher 
steps/day (β = 7.36, p<.01) 
 
Results adjusted age, BMI, race, 
education, & smoking 

N/A 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(King et al. 2003) Design: 
Cross-sectional 
 
Setting: 
Pittsburgh, U.S.A. 
 
Sample: 
N=149  women  
 
Age (mean) 
74.2 years 
 

Self-reported: 
Perceptions of convenience for 
walking to different destinations in the 
neighbourhood and overall quality of 
the neighbourhood for walking. Time 
required to walk to the following 
destinations also reported: 
-Trail 
-Bus stop 
-Café 
-Church 
-Community centre 
-Deli, convenience or grocery store 
-Hardware, department or discount 
store 
-Doctor’s office 
-Library 
-Park 
-Post office 
-Restaurant, pub or bar 
-Work 
 
Sum of commonly walked to 
destinations used to derived a 
convenience score 

Self-reported: 
Frequency, duration and intensity of 
walking (all purposes) and other 
leisure-time physical activity  per 
week and per month undertaken in the 
last year 
 
Frequency of walking to destinations 
 
Objective: 
Yamax DigiWalker pedometer worn 
for 7-days 
 
Outcome measures: 
- Weekly energy expenditure from 
walking alone 
- Weekly energy expenditure from all 
leisure-time physical activity 
-Average steps/week 
 
Other measures: 
-Body mass index 
-Employment 
-Health Status 
-Family status 

Average steps/week higher among 
those residing within walking distance 
to a: 
- Trail (6797 versus 4908, p<.01) 
- Hardware, department or discount 
store (6808 versus 5015, p<.01) 
- Park (6075 versus 4802, p<.01) 
 
Average steps/week linearly and 
positively associated with sum of 
convenience stores within walking 
distance (p<.0001) and global rating of 
the walkability of neighbourhood 
(p<.001) 
 
Energy expenditure from walking 
linearly and positively associated with 
sum of convenience stores within 
walking distance (p<.001) and global 
rating of the walkability of 
neighbourhood (p<.01) 
 
 
 
 
 

Energy expenditure from leisure-time 
physical activity linearly and 
positively associated with sum of 
convenience stores within walking 
distance (p<.001) and global rating of 
the walkability of neighbourhood 
(p<.01) 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Krizek & Johnson 
2006) 
 

Design:  
Cross-sectional 
 
Setting: 
Minneapolis & St Paul, U.S.A. 
 
Sample:  
N=1653  
Minneapolis (67%) 
St Paul (23%) 
Gender 
Male (48%) 
 
 
 
 
 
 
 
 

Objective: 
GIS map from Minnesota Department 
of Transportation used to calculate 
straight-line distance from household 
to nearest on street bicycle lane, off 
street trail & bicycle facility of either 
type. 
Divided into 4 categories: 
- <400 metres 
- 400 to 799 metres 
- 800 to 1599 metres 
- ≥1600 metres 
 
Distance between each household & 
neighbourhood retail (≤200 workers) 
Divided into 4 categories: 
- l<200 metre 
- 200 to 399 metre 
- 400 to 599 metre 
- ≥600 metre 

Self-reported: 
Each household kept a 24-hour diary 
of travel for all household members (5 
years or older) on a particular day 
recording origin & destinations, 
modes of travel, duration of trip & 
primary activities at trip destinations 
 
Outcome measures: 
- Number of pedestrian trips 
- Number of bicycle trips 
 
Other measures: 
- Number of bicycles & 
vehicles/household 
- Demographics 
- Household income 
- Children 
 

Participants living within 200m of 
retail had higher odds of making a 
walking trip compared with those with 
no retail within 600m of home (OR 
2.35, p <.05) 
 
Results adjusted for gender, age, 
employment, education, income, 
children at home, households 
vehicles/capita, and household 
bicycles/capita 

Participants living within 400 metres 
of retail had higher odds of making a 
cycling trip compared with those with 
no retail within 1600 metres (OR 2.29, 
p <.05) 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Lee & Moudon 
2006a) 
 

Design: 
Cross-sectional 
 
Setting: 
King County, Washington, U.S.A. 
 
Sample: 
N=608 (overall) 
N=438 (City of Seattle) 
N=170 (Seattle suburban areas) 
 
Gender 
Male (49%) 
Age  
24-54 years (66%) 
Ethnicity 
White (87%) 
Education 
>4 years of higher education 
(62%) 
 

Objective:  
Geographic Information Systems 
(GIS) databases on land use/urban 
form within 1 kilometre of  homes: 
- Land use 
- Transport infrastructure 
- Density 
- Street length 
- Block size 
- Intersection density 
- Street type 
- Number of lanes 
- Traffic signals 
- Volume & speed 
- Sidewalk 
- Bike lane 
- Cross walk 
- Bus service  
- Slope 
 
Distances from participant’s homes to 
selected destinations (within 3 
kilometres) were measured in 2 ways: 
Straight “airline” distances & street 
network distances. 

Self-reported: 
Frequency & duration of total weekly 
walking. 
 
Outcome measures: 
- Do not walk 
- Walk moderately (1-149 
minutes/week) 
- Walk sufficiently (≥150 
minutes/week) 
 
- Walk (1-59 minutes/week) 
- Walk (60-149 minutes/week) 
- Walk (150-209 minutes/week) 
- Walk (≥210 minutes/week) 
 
Other measures: 
-Household characteristics 
-Attitudes 
-Transit use 
-Neighbourhood perception 

Actual values of associations not 
given.  
 
Authors indicate that destinations, 
distance, density & route were 
strongly associated with walkability. 
 
 

N/A 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Lee & Vernez 
Moudon, 2006b)  

Design: 
Cross-sectional 
 
Setting: 
Seattle, U.S.A.  
 
Sample: 
N=438 
Gender 
Male (46.1%) 
Age 
18-24 years (3.7%) 
25-34 years (18.5%) 
35-44 years (19.6%) 
45-54 years (29.2%) 
55-64 years (13.2%) 
65-74 years (8.7%) 
≥75 years (7.1%) 
Ethnicity 
White (90%) 
Non-white (10%) 
 

Self-reported: 
Perception of: 
- Neighbourhood type (mixed or 
commercial/residential 
- Interesting architecture (yes/no) 
- Neighbourhood traffic problem and 
air pollution from cars 
 
Objective: 
GIS Tool - WBC Analyst (developed 
as part of the Walkable & Bikeable 
Communities Project) 
 
Within 1 kilometre of respondents 
home attributes included: 
- Type & intensity of land uses & 
infrastructure conditions  
 
Within 3 kilometres of respondents 
home attributes included: 
-Proximity to 31 individual & 
agglomeration of destinations (e.g. 
grocery stores, banks, gyms) 
 
 
. 
 

Self-reported: 
1998 & 2001 Behavioural Risk Factor 
Surveillance Survey,  
2000 National Health Interview 
Survey, and International Physical 
Activity Questionnaire - Long (IPAQ-
L). Walking, biking, transit use & 
physical activity also captured. 
 
Outcome measures: 
- Both-Walker (reported walking for 
both recreation & transportation) 
- Rec-Walker (walking for recreation 
only) 
- Tran-Walker (walking for 
transportation only) 
- Non-Walker (not walking at all) 
 
Frequency of walker categorized for 
both recreational & transportation 
into: 
- Non-walkers (0 times/week) 
- Moderate-walkers (1-4 times/week) 
- Frequent-walkers (≥5 times/week) 
 
Other measures: 
- Neighbourhood perception 
- Attitude toward environment & 
transportation 
- Household characteristics 
 

Perception of neighbourhood being 
residential associated with lower odds 
of moderate transport walking (OR 
.44, CI .20-.97) 
 
Perception of no interesting 
architecture associated with lower 
odds of moderate (OR .45, CI .25-.82) 
and frequent (OR .47, CI .22-.99) 
recreational walking. 
 
Slope negatively associated with 
frequent transport walking (OR 0.82, 
CI .69-.99) and positively associated 
with moderate (OR 1.02, CI 1.01-
1.28) and frequent (OR 1.56, CI 1.00-
1.34) recreational walking 
 
Distance to grocery store (OR .95, CI 
.92-.99), restaurant (OR .36, CI .18-
.72), post office (OR .70, CI .51-.98), 
and bank (OR .97, CI .94-.99) 
negatively associated with frequent 
transport walking  
 
Length of total sidewalks in buffer 
associated with frequent recreational 
walking (OR 1.12, CI 1.00-1.24) 
 
Distance to a day care associated with 
moderate (OR .70, CI 60-.83) and 
frequent (OR .63, CI .51-.77) 
recreational walking 
 
Perceived environment results 
adjusted for age, gender, ethnicity, 
marital status, attitudes, dog 
ownership, and car ownership 

N/A 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Lund 2003) Design: 
Cross-sectional  
 
Setting: 
Eight neighbourhoods in Portland, 
U.S.A. 
 
Sample: 
N=494 
 
 

Objective: 
Neighbourhoods defined by level of 
access: 
New Subdivisions (developed within 
the last 5-years)  
- Orenco Station (park & retail access) 
- Bethany Village (retail only) 
- Jones Farm (park only) 
- Arbor View (no access) 
  
Inner-City Neighbourhoods 
(developed prior to 1945) 
- Ladd' Addition (park & retail access)  
- Beaumont (retail access only) 
- Alameda-33rd Ave (park only) 
- Alameda-Bryce (no access)  
 
Self-reported: 
Satisfaction with local parks, local 
shopping areas measured on a 4-point 
scale. Perception of walking in the  
neighbourhood measured using an 11-
item scale 

Self-reported: 
Frequency of walking strolling trips & 
frequency of walking destination trips 
in the past week. 
 
Other measures: 
- Neighbouring behaviour  
- Neighbour annoyance  
- Attitudes  
 

Access to retail stores was associated 
with a higher number of walking 
destination trips (β = .14, p<.01) and 
fewer strolling trips (β = -.15, p<.05) 
 
Access to park and retail stores was 
associated with a higher number of 
walking destination trips (β = .33, 
p<.01) 
 
Perception of walking in the 
neighbourhood associated with 
strolling (β = .15, p<.05) and 
destinations trips (β = .14, p<.01) 

N/A 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(McGinn et al. in 
press) 

Design:  
Cross-sectional 
 
Setting: 
Forsyth County (NC) & Jackson 
(MS), U.S.A.  
 
Sample:  
N=1482 
Gender 
Female (65.8%) 
 
 
 
 
 
 
 

Self-reported: 
Participants asked to rate agreement on 
a 4-point scale for: 
- Weather,  
- Lack of trees along the street to 
provide shade  
- Exhaust fumes or other pollution was 
a problem in the neighbourhood    
- Hills or steep slopes were common in 
their neighbourhood 
 
Participants asked (yes/no) if these 
same factors were barriers to being 
physically active. Neighbourhood 
defined as a 20-minutes walk or 1-mile 
from home. 
 
Objective: 
Participants’ addresses were geocoded 
with a 1 mile radius defining each 
participant’s neighbourhood 
- ½ mile & ⅛ mile radius were also 
evaluated 
 
-Hills (calculated how hilly the area 
surrounding a participant’s home) 
 
-Weather (temperatures, dew point, 
standard pressure, wind speed & 
precipitation was obtained from local 
climatological data reports from the 
National Climatic Data Centre. Daily 
weather scores were calculated) 
 
 

Self-reported: 
2001 Behavioural Risk Factor 
Surveillance System (BRFSS). Leisure 
time physical activity (LTPA) 
measured type of activity, frequency, 
duration, intensity & where the 
activity took place (e.g. 
indoors/outdoors, near home/near 
work/near home & work/some other 
place) during a usual week. 
Transportation activity assessed using 
a modified question from the Baecke 
Leisure Index  
 
Outcome Measures: 
LPTA divided into outdoor LTPA  & 
LTPA & further coded into 3 levels: 
-Meets recommendations (30 minutes 
moderate intensity LTPA on ≥5 
days/week or 20 minutes of vigorous 
intensity LTPA on ≥3 days/week) 
-Insufficiently active (some moderate 
or vigorous intensity LTPA but not 
enough to meet recommendations) 
-Inactive (no LTPA) 
 Walking categorized into the three 
previously mentioned definitions. 
Transportation categorized as having 
engaged in any transportation activity 
if they walked or bicycled for 
transportation purposes for ≥10 
minutes (any/none) 
 
Other measures: 
- Demographics 
- Health status 
- Availability of car  
- Work activity  
- Environmental barriers 

Perceiving a lack of hills associated 
with increased odds of walking at 
recommended (OR 1.6, CI 1.1-2.3) 
and insufficient levels (OR 1.3, CI 
1.1-2.3) 
 

Objective measures were not 
associated with any physical activity 
outcomes 
 
Perceiving a lack of trees for shade 
associated with increased odds of 
insufficient LTPA (OR 1.4, CI 1.0-
2.0) and insufficient outdoor LTPA 
(OR 1.5, CI 1.1-2.0). 
 
Perceiving a lack of hills associated 
with increased odds of transport-
related PA (OR 1.3, CI 1.0-1.6) 
 
Results adjusted for age, gender, 
martial status, work activity, number 
of children, education, ethnicity, 
income, availability of motor vehicles, 
and health status 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(McNeill et al. 
2006) 

Design: 
Cross-sectional 
 
Setting: 
St Louis, Missouri, U.S.A. 
 
Sample: 
N=910 
 
Gender 
Female (67.7%) 
Age 
18-29 years (48%) 
30-65 years (52%) 
Ethnicity 
White (56.8%) 
African American (43.2%) 
Education 
<High school (55.6%) 
>High school (43.2%) 

Self-reported: 
Perceptions of environment captured 
using 7-items: 
-Availability of physical activity 
facilities in neighbourhood (walking or 
bike trails, outdoor/indoor places to 
exercise, parks) 
-Quality of neighbourhood (Criminal 
activity, traffic volume, pleasantness 
for engaging in physical activity)  
 
. 
 

Self-reported: 
Behavioural Risk Factor Surveillance 
System Survey (BRFSS) to measure 
weekly moderate & vigorous-intensity 
physical activity 
  
Outcome measures: 
- Total time spent walking/week 
- Total time spent in moderate & 
vigorous intensity physical 
activity/week 
 
Other measures: 
- Social support 
- Self-efficacy 
- Motivation  
 

Perceived availability of facilities 
associated with walking (β = 0.27, 
p<.05) 

Perceived availability of facilities 
associated with moderate-intensity 
physical activity (β = .14, p<.05) 
 
Perceived quality of the 
neighbourhood associated with 
moderate (β = .14, p<.05) and 
vigorous-intensity (β = .10, p<.05) 
physical activity 
  
Results adjusted for social support and 
motivation constructs, and self-
efficacy 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Michael et al. 
2006)  

Design: 
Cohort study 
 
Setting: 
Portland, U.S.A. 
 
Sample: 
N=105 (adults ≥65 years) 
Gender 
Female (67%) 
Age (mean) 
75.1 years (± 6.29) 

Self-reported: 
Perceived built environment captured 
presence of destinations near home 
including: 
- Shopping mall 
- Public park 
- Trails for walking, hiking or running 
 
Problems in neighbourhood also 
captured : 
-No sidewalks 
-Unsafe sidewalks 
-Graffiti & vandalism 
 
Objective: 
Audit conducted to identify presence 
of sidewalk, sidewalk obstructions, 
graffiti & other evidence of vandalism  
 
GIS database provided data on 
presence of malls, parks & trails 
within the neighbourhood 

Self-reported: 
Neighbourhood walking was 
measured by walking or strolling in 
the neighbourhood in the past 12-
months (Rated on 5-point Likert-scale: 
not at all to a great deal) 
 
Outcome measures: 
- Low walkers (included responses 
“not at all”, “a little bit” or “ a 
moderate amount” of walking) 
- High walkers (included responses 
“quite a bit” or “a great deal”) 
 
 
 
 

Among objectively measured  
neighbourhood environmental 
attributes:  
 -The presence of a mall remained in 
the regression model predicting 
neighbourhood walking (OR 4.12, 
p<.15) 
- The presence of graffiti & vandalism 
remained in the regression model 
negatively predicting neighbourhood 
walking (OR 0.57, p =0.28) 
 
Among perceived neighbourhood 
environmental attributes:  
-The presence of a mall remained in 
the regression model predicting 
neighbourhood walking (OR 2.10, 
p<.12) 
 
Results adjusted for gender, age, and 
education 
 

N/A 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Moudon et al. 
2005) 

Design: 
Cross-sectional 
 
Setting: 
King County, Washington, U.S.A. 
 
Sample: 
N=608 
Gender 
Female (51%) 
 

Objective: 
GIS measures of neighbourhood:  
- Home based proximity (distance to 
24 individual destination & 11 
neighbourhood centres within 3 
kilometres) 
- Home based buffer (land use, 
residential density, street block size, 
sidewalk length, traffic volume & 
speed, topography) 
- Neighbourhood centres (quantifies & 
characterizes  agglomerated 
destinations as attractors of cycling) 
 
Distances from participant’s homes to 
destinations included 1. Straight airline 
distances & 2. street network distances  
 
Self-reported: 
-Attitude toward environment 

Self-reported: 
Times during a usual week do you 
bicycle for recreation, exercise, to get 
to & from places or for any other 
reason in your neighbourhood? 
 
Outcome measures: 
- Cyclist (bicycled ≥1 time/week) 
- Non cyclist 
 
Other measure: 
- Transit use 
- Attitudes towards transportation 
- Household characteristics 
 
 

N/A Perceived presence of amenities for 
cycling and jogging associated with 
cycling (OR 1.70-1.73, p<.01) 
 
Distance to a trail associated with 
cycling: 
-Airline distance (OR .80, p<.05) 
- Network distance (OR .73, p<.05)  
 
Area of convenience stores within 3 
kilometres of home associated with 
cycling (OR .78-.82, p<.01) 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Moudon et al. 
2006) 
 

Design:  
Cross-sectional 
Setting: 
King County, Washington, U.S.A. 
 
Sample:  
N=608 
 
 
 

Self-reported: 
Presence or absence of grocery stores, 
schools & parks in the neighbourhood 
 
Objective: 
200 variables extracted from King 
County’s Parcel 7 network databases 
in GIS 
 
Neighbourhood attributes measured 
include - count, area, distance & ratio 
measures of individual & group 
destinations. 
Neighbourhoods were cast as 1 
kilometre & 3 kilometres “airline” 
(straight line) & “network” (street 
network based) buffers around the 
respondents home. Land uses 
examined 24 destinations & 11 groups 
of destinations (e.g. daily shopping, 
open space/recreational, institutional, 
employment based & educational uses) 
called neighbourhood centres (NCs) 

Self-reported: 
Participants reported the frequency & 
duration of total weekly walking. 
 
Outcome measures: 
- Do not walk 
- Walk moderately  
(1-149 minutes/week) 
- Walk sufficiently (≥150 
minutes/week) 
 
 

Perception of visual quality and 
problems related to automobiles in the 
neighbourhood associated with 
walking 
 
Higher residential density (>21.7 
residential units/acre) associated with 
walking 
 
Sufficient walkers resided on smaller 
street blocks around home (<5 acres) 
 

N/A 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Nies 2002) Design: 
Cross-sectional 
 
Setting: 
U.S.A. 
 
Sample: 
N=198 (sedentary women) 
Age (mean)  
44 years (± 7.7) 
Ethnicity 
European American (52%) 
African American (48%) 
Education 
High school (28%) 
College (52%) 
Graduate school (20%) 

Self-reported: 
Two questions used to assess 
environmental factors pertaining to 
exercise 
- Does your place of work have a place 
to walk? 
- Does your neighbourhood provide 
places for you to walk outside? 
 
 

Self-reported: 
7-Day Physical Activity Recall (PAR) 
used to estimate amount of time spent 
performing light, moderate, hard or 
very hard activities & sleeping 
 
Objective: 
Rockport 1-mile walk test used to 
measure walking performance/fitness 
 
Outcome measures: 
- Overall energy expenditure over past 
7-days 
- Total time to complete the 1-mile 
walk 
 
Other measures: 
- Body mass index 
- Benefits of exercise 
- Self-efficacy 
- Social support  
- Mood 
- Goal setting 
 

No associations found between 
environment and walking outcomes 

No associations found between 
environment and physical activity 
outcomes 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample 
 

Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Parks et al. 2003) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Design: 
Cross-sectional  
 
Setting: 
U.S.A. 
 
Sample: 
N=1818 low income (LI) and high 
income (HI) status 
 
Gender 
Females (65.4%) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Self-reported: 
Participation in physical activity in the 
following places: 
- walking/jogging trails 
- Neighbourhood streets 
- Park 
- Shopping mall 
- Indoor gym 
- Treadmill 
- Other equipment 
 
Perceived access to number of places 
to exercise 
 
Summary score of perceived number 
of places to exercise 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Self-reported: 
One-week recall of frequency and 
duration for: 
- Non-occupational walking (≥10 
minutes in the last week) 
-Vigorous activity in recreational and 
occupational settings 
-Moderate activity in recreational and 
occupational settings  
 
Outcome measures: 
- Recommended (≥150 minutes 
moderate or ≥60 minutes vigorous 
activity/week) 
- Insufficient activity (some but less 
than recommended) 
- Inactive (no activity) 
 
Other measures: 
- Social support  
- Personal barriers to exercise 
 
 
 
 
 
 
 
 
 

N/A 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Urban residents: 
Access to walking/jogging trails (OR 
1.89, CI 1.06-3.41) and parks (OR 
1.95, CI 1.16-3.27) associated with 
higher levels of physical activity in LI 
urban residents 
 
HI urban residents with access to 
parks (OR 2.39, CI 1.55-3.69), indoor 
gym (OR 2.28, 1.37-3.77), treadmill 
(OR 1.7, CI 1.1-2.64) and other 
equipment (OR 1.66, CI 1.07-2.57) 
more likely to report more physical 
activity 
 
Suburban residents: 
Access to trails (OR 4.77, CI 1.16-
19.71), treadmills (OR 4.50, CI 1.09-
18.59) and other equipment (OR 4.50, 
CI 1.09-18.59) associated with LI 
suburban residents meeting physical 
activity recommendations  
Access to Indoor gym (OR 5.01, CI 
1.23-20.35) and malls (OR .35, CI .13-
.93) associated with physical activity 
among HI suburban residents 
 
Rural residents: 
LI rural reporting streets as exercise 
venue were more likely to be active 
(OR 2.40, CI 1.10-5.22) 
Indoor gym access associated with 
physical activity for HI rural residents 
(OR 2.46, CI 1.07-5.62) 
 
Higher summary score of perceived 
number of exercise places associated 
with reported physical activity 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Pierce et al. 2006) 
 

Design:  
Cross-sectional 
 
Setting: 
5-community clinics that serve 
low income & underserved 
populations, U.S.A. 
 
Sample:  
N=1211 adults 
Gender 
Female (62.2%) 
Age 
18-24 years (26.8%) 
25-34 years (17.7%) 
35-44 years (9.9%) 
45-54 years (10.4%) 
≥55 years (26.8%) 
Ethnicity 
White (59.4%) 
Black (5.3%) 
Hispanic (19.4%) 
Other (2.1%) 

Self-report: 
Neighbourhood environmental 
characteristics measured included: 
-Convenient destinations within 
walking distance (none/some) 
-Safety of the neighbourhood (4-point 
scale: extremely safe to not at all safe) 
-Live near trail (yes/no) 
 
 

Self-reported: 
Participants listed the number of times 
in the past week that they had walked 
for ≥30 minutes 
 
Outcome measures: 
- Did not walk at all 
- Walked 1- 3 times 
- Walked ≥4 times 
  
Other measures: 
- Self rated health 
- Frequent mental distress 
- Smoking status 
- Body mass index 
 

Living near a trail was associated with 
walking ≥1 day/week (OR 1.45, CI 
1.01-2.09) 
 
Having ≥3 convenient destinations in 
walkable distance from home was 
associated with walking ≥1 day/week 
(OR 1.78, CI 1.37-2.32) 
 
 

N/A 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Pikora et al. 2006) Design: 
Cross-sectional 
 
Setting: 
Perth, Western Australia 
 
Sample: 
N=1678  
 
Gender 
Female (68%) 
 
Age (mean) 
18-59 years 
 

Objective: 
Environmental audit of segments 
located within 400 metres (i.e. 
neighbourhood) of respondents homes. 
Data collection for: 
-Functional environment (walking 
surface, street attributes, traffic and 
permeability) 
-Safety (personal and traffic) 
-Aesthetics(streetscapes and views) 
-Destinations (availability of parks, 
shops, services, local facilities, public 
transport, vehicle parking) 
 
Weighted mean scores based on 
proportion of attribute in 
neighbourhood for individual items, 
features (functional, aesthetics, safety, 
destinations) and overall walkability 
score (i.e. aggregate of all features 
summed) 

Self-reported: 
Participation in walking for transport 
and walking for recreation in the 
previous 2-weeks, near home. 
 

Compared with a low walkability 
score, medium (OR 1.44, CI 1.10-
1.87) and high (OR 1.95, CI 1.49-
2.55) walkability scores associated 
with walking for transport near home. 
Linear trend also significant (p<.001). 
 
Positive linear trend for association 
between walkability scores (OR 1.00-
1.29, p=.005) for walking for 
recreation near home. 
 
Compared with low functional score, 
high functional score (OR 1.62, CI 
1.20-2.19) associated with walking for 
recreation 
 
Compared with low destination score, 
high destination score (OR 1.80, CI 
1.33-2.44)  associated with walking 
for transport 
 
Compared with a low walking surface 
score, a walking surface score was 
associated with walking for recreation 
(OR 2.04, CI 1.43-2.91), and walking 
for transport (OR 2.13, CI 1.53-2.56) 
 
Compared with lower parking 
facilities score, higher parking 
facilities score associated with 
walking for transport (OR .73, CI .54-
.98) 
 
Results adjusted demographic, 
individual, social, environmental, and 
socioeconomic status 
 

N/A 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample 
 

Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Powell et al. 2003) Design: 
Cross-sectional 
 
Setting: 
Georgia, U.S.A. 
 
Sample: 
N=4532 

Self-reported: 
Perceptions of places to undertake 
physical activity and their convenience 
and safety. Respondents asked to list 
the most convenient place to be active 
and place where they feel safe.  
 
Convenience of places based on time 
and mode to reach places included 
three categories: 
- Less than 10 minutes walking 
- Less than 10 minutes not walking 
-Greater than 10 minutes regardless of 
mode of travel 

Self-reported: 
Behavioral Risk Factor Surveillance 
System (BRFSS) used to collect 
moderate and vigorous physical 
activity frequency and duration data . 
 
Outcome measures: 
- Meeting current recommendations 
(moderate activity ≥30 minutes/day, 5-
days/week, or vigorous activity at ≥20 
minutes/day, 3-days/week) 

N/A Respondents reporting a place to walk 
more likely to meet recommendations 
(41.5%, CI 39.4-43.6%) than those not 
reporting a place to walk (27.4%, CI 
21.2-33.7%) 
 
Increase in convenience of a public 
park, associated within higher 
likelihood of achieving recommended 
levels of physical activity (less than 10 
minutes walking = 51.8% to greater 
than 10 minutes by any mode = 
36.&%, p=.02) 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Reed & Phillips 
2005) 

Design: 
Cross-sectional 
 
Setting: 
A University in the U.S.A. 
 
Sample: 
N = 411 (undergraduate students 
enrolled at university) 
 
Year of University 
Freshman (29%) 
Sophomores (24%) 
Juniors (24%) 
Seniors (23%) 
 

Objective: 
Distance between exercise facilities & 
the student's residence 
 
Summed coordinates between the 
participant's place of residence & 
exercise facility for a 7-day period. 
Summation was a calculation of the 
mean distance to ≥1 facilities used for 
physical activity 

Self-reported: 
Godin Leisure Time Exercise 
Questionnaire 7-day recall 
 
Modified questionnaire by adding 3 
activities to the strenuous exercise 
category & asking for location of 
facilities where PA was initiated 
 
Outcome measures: 
-Intensity of PA  (MET values 
multiplied by number of minutes per 
activity which were divided into 3 
categories mild, moderate & strenuous 
exercise) 
-Duration of PA (number of minutes 
recorded per exercise bout over 7-day 
period) 
-Total PA score (multiplying MET 
value for each activity by the 
frequency for each activity) 
 
Other measures: 
- Home exercise equipment  

N/A Correlation between proximity to 
facility & intensity of PA (r=.106, 
p<.05)  
 
Correlation between proximity to 
facility & duration of PA (r=.119, 
p<.05) 
 



 

 

 363 

Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Reed et al. 2006) 
 

Design:  
Cross-sectional 
 
Setting: 
Rural south eastern community, 
U.S.A. 
 
Sample:  
N=1148 
Age (range) 
18-96 years 
 
 
 
 
 

Self-reported: 
Presence of sidewalks (yes/no) 
 
(Neighbourhood defined as a 0.5 mile 
radius or 10 minutes drive from 
respondent’s residence) 

Self-reported: 
2001 Behavioural Risk Factor 
Surveillance Systems (BRFSS) 
physical activity module on moderate 
& vigorous exercise. Frequency and 
duration of weekly walking for at ≥10 
minutes for recreation, transportation 
or at work also collected. 
 
Outcome measures: 
- Meets recommendations (30 minutes 
per session for 5 days/week of 
moderate intensity physical activity or 
20 minutes per for 3 days/week of 
vigorous intensity physical activity) 
- Irregular (some physical activity but 
not enough to meet recommendations) 
- Inactive (no moderate or vigorous 
intensity physical activity) 
- Regular walking (≥150 minutes 
walking/week) 
- Irregular walking (some walking but 
less than regular walking) 
- No walking (no walking reported) 
 

The perceived presence of sidewalks 
increased the odds of irregular 
walking (OR 1.88, CI 1.13-3.11) 

For whites only the perceived 
presence of sidewalks increased the 
odds of meeting recommended 
physical activity levels (OR 3.59, CI 
1.05-12.24) 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Rodriguez et al. 
2005) 

Design: 
Cross-sectional 
 
Setting: 
Chapel Hill, North Carolina, 
U.S.A. 
 
Sample: 
N=35 
Gender 
Female (60%) 
Age (mean) 
Males 31.5 years (±10.6) 
Females 32.1 years (±10.7) 

Objective: 
Neighbourhood (1.54 kilometre from 
home) environmental attributes 
captured using GIS included: 
- Population density 
- Housing density  
- Street density  
- Street connectivity (count of 3 and 4-
way intersections) 
- Accessibility to commercial or office 
land uses 
- Accessibility to ≥1 park 
 
 

Objective: 
Participants wore Foretrex 201 
portable GPS units & accelerometers 
for 3-days. Measured the number & 
duration of moderate physical activity 
bouts (MPA), vigorous physical 
activity bouts (VPA) & combined 
(MVPA) bouts. 
Outcome measures: 
- Bouts of activity by GPS location 
 
Location of activity 
-Indoors (≥33% of its GPS data were 
located within a building footprint) 
-Outdoors in neighbourhood (if ≥33%  
of the positional data for the bout fell 
within a 1.54 kilometre circular buffer 
around participant's home 
-Outdoors out of neighbourhood (all 
other bouts with GPS data) 

N/A Fewer bouts of activity (i.e., measured 
using GPS) in the neighbourhood 
compared with outside the 
neighbourhood. 
 
The in-neighbourhood bouts were 
longer (p<.05) & contributed more to 
total MVPA time than did out of 
neighbourhood bouts.  
 
Participants who got most of their 
MVPA in their neighbourhood live in 
environments with higher: 
- Population density (p<.01) 
- Housing unit density(p<.01) 
- Street connectivity(p<.01) 
- Street density (p<.05) 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Rodriguez et al. 
2006) 

Design:  
Quasi-experimental 
 
Setting: 
Neighbourhoods of North 
Carolina, U.S.A. 
 
Sample:  
Conventional Suburban 
Neighbourhoods  
N=185 (single family dwellings) 
Gender 
Male (62.7%) 
Age (mean) 
46.9 years 
Household size (mean) 
3.4 people 
Vehicles/household (mean) 
2.1 vehicles 
Employed outside the home 
75% 
 
New Urbanist Neighbourhoods 
N=142 (single family 
dwellings:SF) 
N=66 (multi-family dwelling: 
MF) 
Gender 
Male (SF 52.1%, MF 28.8%) 
Age (mean) 
SF 45 years, MF 36.7 years 
Household size (mean) 
SF 2.7 people, MF 1.6 people 
Vehicles/household (mean) 
SF 1.8 vehicles, MF 1.3 vehicles 
Employed outside the home 
SF 71.1%,  MF 60.6% 
 

Neighbourhoods defined based on 
design: 
New Urbanist Neighbourhood (NUN) 
Greenfield development built in the 
late 1990s & early 2000s & features 
small lot sizes, office & commercial 
space within walking distance of most 
residences, a variety of residential 
options (single or multi family units), 
amenities for pedestrians & bicyclists, 
reduced building setbacks & rear 
alleyways for garages & services like 
garbage collection & mail delivery. 
 
Conventional Suburban 
Neighbourhoods (CSN) 
Chapel Hill & Carrboro 
neighbourhoods were matched to the 
new urbanist neighbourhood based on 
their proximity to local employment 
sites, gross tract area, number of 
housing units, mean assessed value of 
homes, age of development, transit 
service availability, regional 
accessibility, aesthetics, safety & land 
use mix. 

Self-reported: 
Behavioural Risk Factor Surveillance 
System 2001 (BRFSS). Frequency & 
total time per day in moderate & 
vigorous physical activity in a usual 
week & where activity occurred 
National Household Transportation 
Survey 2001 (NHTS). Participants 
kept a travel diary to record travel 
time, destination, mode of travel, 
distance & out of pocket costs 
 
Outcome measures:  
BRFSS 
- Recommended (moderately active 
≥30 minutes, 5-7 days/week or 
vigorously active ≥20 minutes, 3-7 
days/week) 
- Insufficiently active (physically 
active but not enough to meet 
recommendations) 
- Inactive (participating in less than 10 
minutes of moderate or vigorous 
physical activity in a usual week) 
- Total time spent in moderate or 
vigorous physical activity at home, 
outside home but in neighbourhood, 
and outside the neighbourhood 
NHTS 
- Utilitarian trips (desire to access a 
destination e.g. buy groceries) 
- Leisure trips (trips that began & 
ended at home) 
 
Other measures: 
- Physical characteristics 
- Attitudes & preferences for the built 
environment 

N/A More vigorous physical activity in the 
neighbourhood among NUN 
respondents compared with CSN 
respondents (0.66-0.82 versus 0.39 
hrs/week, p <.05) 
 
More moderate physical activity in the 
neighbourhood among NUN 
respondents compared with CSN 
respondents (1.25-1.37 versus 0.80 
hrs/week, p <.05) 
 
Utilitarian walking and cycling trips 
per day higher among NUN 
respondents compared with CSN 
respondents (0.64-0.71 versus 0.17, p 
<.05).  
 
Utilitarian walking and cycling time 
per day higher among NUN 
respondents compared with CSN 
respondents (0.12 versus 0.04, p <.05).  
 
Recreational walking and cycling trips 
per day higher among NUN 
respondents compared with CSN 
respondents (0.42 versus 0.22, p <.05).  
 
Recreational walking and cycling time 
per day higher among NUN 
respondents compared with CSN 
respondents (0.17-0.22 versus 0.11, p 
<.05).  
 
Similar associations obtained when 
adjusting for gender, age, vehicles per 
household, household size, and 
occupation status 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Rodriguez & Joo 
2004) 

Design: 
Cross-sectional  
 
Setting: 
University of North Carolina, 
U.S.A. 
 
Sample: 
N=509  
N=259 (students)  
N=250 (employees) 
 

Objective: 
Respondent's home addresses were 
geocoded using GIS and 
environmental data obtained from 
orthophotographic images & 2000 
U.S. Population Census & included 
- Presence of walking & cycling paths 
- Sidewalk availability 
- Local topography 
- Population density  
 
 

Self-reported: 
Travel modes used to get to campus in 
a typical week & the frequency of 
each mode used 
 
Outcome measures: 
- Travel mode most frequently used by 
each participant was identified as the 
‘preferred choice’ 
 
Other measure: 
- Attitudes 
 
 
 
 
 
 
 
 
 

N/A An increase in one minute walking  
time due to the slope of the local 
terrain is associated with between 15% 
& 18.5% lower odds of walking or 
cycling 
 
The higher the percentage of 
sidewalks in one’s shortest route to 
campus or to the closest bus stop, the 
higher the odds of walking or using 
transit. 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Rutt & Coleman 
2005a) 

Design: 
Cross-sectional 
 
Setting: 
El Paso County, Texas, U.S.A 
 
Sample: 
N=934 (surveyed) 
N=452 (geocoded) 
Gender 
Female (71%) 
Age (mean) 
42 years (±17) 

Objective: 
Participant's homes were geocoded. 
Neighbourhood characteristics 
measured included: 
- Sidewalk availability 
- Number of physical activity facilities 
within 2.5 miles from home 
- Distance to closest physical activity 
facilities 
- Slope 
- Land use 
- Intersection number & type 
- Population density 
 
 

Self-reported: 
Number of times they engaged in 14 
different activities during the last 
month & the mean number of minutes 
spent in each activity. 
 
Outcome measures: 
- Light activities (<3 METs) 
- Moderate activities (3 to <6 METs) 
- Vigorous activities (>6 METS) 
 
Other measure: 
- Body mass index  
- Diet 
- Health 
- Social support 
- Acculturation 
- Socioeconomic status  
- Number of children 
- Time watching TV 
- Perceived barriers to exercise 
 
 

N/A An increase in mean distance to 
facilities was positively associated 
with weekly vigorous physical activity 
minutes (β = 0.18, p <.05) 
 
Results adjusted for   
diet, health, social support, 
acculturation, socioeconomic status, 
number of children, time watching 
TV, and perceived barriers to exercise 



 

 

 368 

Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Rutt & Coleman 
2005b) 

Design:  
Cross-sectional 
 
Setting: 
El Paso County, U.S.A 
 
Sample:  
N=953 (overall) 
N=452 (geocoded) 
N=501 (non-geocoded)  
 
Gender 
Female (70.5%) 
Age (mean) 
~42 years (±17) 
Socioeconomic status  
~27.5 (±17.0) (higher value = 
higher SES) 

Objective: 
Participant’s homes were geocoded & 
the following neighbourhood (0.25 
metres from home) characteristics 
measured:   
- Sidewalk availability  
- Number of physical activity  
   facilities 
- Distance to physical activity 
  facilities                         
- Slope  
- Land use  
- Intersection number & type 
- Population density 
 
 
 

Self-reported: 
Frequency & duration of walking for 
exercise over the last month 
 
Outcome measures: 
Total minutes spent walking in last 
month (frequency x duration) 
 
Other measures: 
-Body mass index 
-Food consumption 
-Overall health  
-Number of diseases 
-Social support 
-Acculturation 
-Number of children 
-Time watching TV 
-Perceived benefits of exercise 
-Perceived barriers to exercise 

For all participants 
Residential land use associated with 
walking duration (β = -.11, p<.05) 
(higher land use reflect more 
residential & lower land use reflects 
more commercial) 
 
For regular walkers 
Having fewer exercise facilities 
positively associated with frequency & 
total time walking (both β = -.24, 
p<.05) 
 
Commercial land use associated with 
frequency of walking (β =.19, p<.05) 

N/A 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample 
 

Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Rutten et al. 2001) Design: 
Cross-sectional  
 
Setting: 
Belgium, Finland, East and West 
Germany, Spain, Netherlands, 
Switzerland 
 
Sample: 
N=3343  
Belgium (11.6%) 
Finland  (12%) 
East Germany (27.3%) 
West Germany (14.6%) 
Netherlands (11%) 
Spain (11.4%) 
Switzerland (12.1%) 
Gender 
Females (56.9%) 
Age (mean) 
47 years (±16.9)  

Self-reported: 
Agreement about opportunities for 
physical activity in local 
neighbourhood (5-point Likert-scale): 
-Residential area offers opportunities  
-Local clubs and other providers in the 
local community offer opportunities 
-Community does not do enough for 
citizens and physical activities. 
 
Individual item scores summated 
(higher score = more opportunities) 
 

Self-reported: 
Participation in any gymnastics, sport, 
or physical activity  
 
Intensity of participation (5-point scale 
- not vigorous to very vigorous) 
 
Outcome measures: 
- Inactive  
- Light/moderately active 
- Vigorously active  
- Very vigorously active  
 
Other measures: 
-Health status 
 

N/A Weak correlation between reported 
physical activity and perceived 
opportunities (r =.09) 
 
All active groups reported 
significantly more opportunities than 
the inactive group (F values not 
reported). 
 
The light/moderate activity group 
reported the highest number of 
opportunities (males mean = 3.65, 
females = 3.55)  
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Rutten & Abu-
Omar 2004) 

Design: 
Cross-sectional 
 
Setting: 
15 member states of the European 
Union 
 
Sample: 
Separate sample for each state 
(n=302-1035) combined  
N=16 230 
Gender 
Female (53.8%) 
Age 
15-24 years (15.2%) 
25-34 years (17.6%) 
35-44 years (18.8%) 
45-54 years (16.0%) 
55-64 years (14.2%) 
≥65 years (18.3%) 
 

Self-reported: 
Three-items used to collect 
environmental data 
(agreement/disagreement on a 4-point 
Likert-scale): 
-Opportunities to be physically active 
in area of residence  
-Opportunities to be physically active 
provided by local sport clubs & other 
providers 
-Local authority doing enough for 
citizens concerning physical activity 

Self-reported: 
Physical activity from last 7-days 
collected using short-version IPAQ 
 
Outcome measures: 
-Quartiles of MET-hours/week of 
physical activity  

N/A Significant spearman correlations 
between PA & opportunities in the 
area rho =.07-.20 for EU states 
 
Significant spearman correlations 
between PA & opportunities provided 
by clubs & organizations rho=.09-.22 
for EU states 
 
Significant spearman correlations 
between PA & local authority doing 
enough rho=.07-.15 for EU states 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Saelens et al. 
2003a) 

Design: 
Cross-sectional 
 
Setting: 
Two neighbourhoods, San Diego, 
U.S.A 
 
Sample: 
High-walkability neighbourhood 
N=54 
Gender 
Female (51.9%) 
Age (mean) 
44.9 years (±11.6)  
Education 
Completed College/University 
(63%) 
Neighbourhood income (median) 
$40170 
 
Low-walkability neighbourhood 
N=53 
Gender 
Female (54.7%) 
Age (mean) 
50.8 years (±10.7) 
Education  
Completed College/University 
(41.5%) 
Neighbourhood income (median) 
$46647 
 

Self-reported: 
Environmental scores based on 
Neighbourhood Environment 
Walkability Scale: 
- Residential density 
- Land use mix-diversity 
- Land use mix access 
- Street connectivity 
- Cycling facilities  
- Aesthetics 
- Pedestrian safety (from automobiles) 
- Safety (from crime) 
 
Although self-reported data were 
collected, these were only used to 
compare the researcher determined 
neighbourhoods 

Objective: 
Uniaxial accelerometer (CSA), worn 
for 7-consecutive days during waking 
hours 
 
Outcome measures: 
- Minutes of moderate-intensity 
- Minutes of vigorous-intensity 
- Minutes of total physical activity 
 
Self-reported: 
Physical activity undertaken: 
- To or from work 
- To or from bus stop 
- For errands outside home 
- During breaks at work/school 
- For exercise 
- Total walking 
 
Outcome measures: 
Median minutes of walking for each 
purpose 
 
Self-reported: 
Mean minutes from Godin-Shepard 
Leisure-time exercise questionnaire 
 
Outcome measures: 
- Mild minutes 
- Moderate minutes 
- Strenuous minutes 
 
Other measures: 
-Body mass index  
 
 

Differences were found between the 
high & low walkability 
neighbourhoods however, after 
adjustment for age & education 
differences were no longer statistically 
significant 

Mean minutes of moderate & total  
physical activity higher (194.8 & 210 
minutes, respectively) for highest 
walkability neighbourhood compared 
with low walkability neighbourhood 
(130.7 & 139.9 minutes, respectively) 
 
Vigorous minutes was not statistically 
significant between the two 
neighbourhoods 
 
Difference in mean times for mild, 
moderate, & vigorous activity on the 
Godin-Shephard leisure-time 
questionnaire between the low & high 
walkability neighbourhoods was not 
found 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample 
 

Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Salmon et al. 
2003) 

Design: 
Cross-sectional 
 
Setting: 
Australia 
 
Sample: 
N=1332  
Gender 
Females (54.6%) 
Age (mean) 
45.4 years 
 
 

Self-reported: 
Barriers to physical activity scored on 
5-point Likert-scale including: 
 - Weather  
- Cost 
- Air or noise pollution 
- Safety 
- No sidewalk 
- No access to facilities 
 
Item scores summated:  
-low barrier (score ≤2) 
-high barrier (score>2) 
 
 
 

Self-reported: 
One-week recall of duration and 
frequency in: 
-Walking for recreation, exercise or 
transport 
-Other moderate activity for 
recreation, sport or health and fitness 
-Vigorous activity for recreation, sport 
or health and fitness 
 
Outcome measures: 
- Walking (sufficient ≥2.5 hours/week) 
- Other moderate activity (sufficient 
≥2.5 hours/week) 
- Vigorous activity  (sufficient ≥1.0 
hour/week) 
- Total leisure-time activity (sufficient 
≥2.5 hours/week) 
 
Other measures: 
- Sedentary behaviours 
- Enjoyment of physical and sedentary 
activities 
- Preference for physical or sedentary 
activity 
- Personal barriers to physical activity 
 
 
 
 
 
 
 
 
 
 
 
 
 

Those reporting cost as a barrier more 
likely to report sufficient walking (OR 
1.40, CI 1.1-1.8) 

Relationships between perceived 
environmental barriers and reported 
physical activity not strong. 
 
Associations between environmental 
barriers and physical and sedentary 
behaviours include: 
-Those reporting cost as a barrier more 
likely to report sufficient other 
moderate activity (OR 1.50, CI 1.20-
2.00), and sufficient total physical 
activity (OR 1.50, CI 1.10-2.10) and 
less likely to report sufficient vigorous 
activity (OR .70, CI .50-.90) 
 
-Those reporting cost as a barrier to 
physical activity associated with 
greater likelihood of high levels of TV 
watching (OR 1.50, CI 1.10-2.00), and 
reading (OR 1.30, 1.00-1.80) 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample 
 

Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Sanderson et al. 
2003) 

Design: 
Cross-sectional  
 
Setting: 
Alabama, U.S.A 
 
Sample: 
N=577  
(physical activity classifications 
N=567) 
(African-American women)  
Age 
20-29 years (22.5%) 
30-39 years 32.2%) 
40-50 years (45.2%) 

See previous summary for Ainsworth 
et al. (2003)  
 

See previous review 
 

N/A No statistically significant associations 
between physical environmental 
factors and categories of physical 
activity  
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Sharpe et al. 2004) Design: 
Cross-sectional 
 
Setting: 
Two county areas of eastern 
South Carolina, U.S.A 
 
Sample: 
N=1936 
Gender 
Female (60.1%) 
Age 
18-34 years (31.9%) 
35-54 years (39.3%) 
≥55 years (28.8%)  
Ethnicity 
White (63.1%) 
African American (36.9%) 
 

Self-reported: 
Items assessed included: 
- Knowledge, presence & use of 
recreational facilities  
- Presence of environmental & 
worksite supports 
- Perceived safety   
- Conditions of sidewalks 
- Quality of street lights 
 
 

Self-reported: 
Behavioural Risk Factor Surveillance 
System (BFRSS) used to assess the 
number of days per week & total time 
spent per day in moderate & vigorous 
physical activity 
 
Outcome measures: 
- Meets recommendations (moderately 
active for ≥30 minutes, 5-7 days/week 
or vigorously active ≥20 minutes for 
3-7 days/week) 
- Does not meet recommendations 
 

N/A Meeting recommended levels of 
physical activity was associated with: 
- Well maintained sidewalks (OR 
2.04, CI 1.25-3.35) 
- Knowledge of routes for bicycling 
(OR 1.39, CI 1.10-1.76) & 
walking/jogging (OR 1.33, CI 1.09-
1.62) 
- Exercise facilities (OR 1.33, CI 1.04-
1.70) 
 
Results adjusted for gender, age, race, 
and education 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Stahl et al. 2002) Design: 
Cross-national 
 
Setting: 
Three regions of Europe: 
-Eastern Germany (Saxony) 
-Western Germany (Northrhine-
Westfalia) 
-Finland (Pirkanmaa) 
 
Sample: 
East Germany (n=913)  
West Germany (n=489) 
Finland (n=400) 
 
Gender 
Females (43%) 
Age (mean) 
East Germany:   
54 years (±16.1)  
West Germany:  
46 years (±16.4) 
Finland:  
48 years (±17.1) 
 
 

Self-reported: 
Local opportunity scale - perceived 
opportunities for physical activity  
-Settings for physical activity (which 
out of a choice of 5 were used by the 
respondent) 
-Awareness of physical activity 
programs and community measures to 
increase participation 
 
Objective: 
Number of existing facilities for sport 
and physical activity (sports arenas, 
indoor swimming pools and outdoor 
sports grounds) per capita 
 
Other measures: 
Policy environment including 
funding impact of government 
policies, as measured by investments 
in facilities for physical activity 
 
 
 
 
 
 
 
 

Self-reported:: 
Type of most common activities (3). 
Intensity of each activity captured on a 
5-point Likert-scale (not vigorously to 
very vigorously)  
 
 
Outcome measure(s): 
-Active or inactive 
-Intensity of physical activity 
-Types of activity 
 

N/A Significant differences (p<.001) 
between geographic regions in terms 
of: 
-Percentage of respondents who were 
physically active (Finland 88%, West 
Germany 70.1%, East Germany 
64.1%) 
 
-Reported vigorous/somewhat  
vigorous activity (Finland 78% 
West Germany 88.9% East Germany 
82.6%) 
 
-Perceived opportunities 
High support (for active group) 
(Finland 70.9%, West Germany 
71.1%, East Germany 29.3%)  
 
Facilities (inhabitants/per sports 
facility):  
-Finland (indoor  n=934 and outdoor 
n=478) 
-West Germany (indoor n=2160 
outdoor n=1436) 
-East Germany (indoor n=2403 
and outdoor n=1135) 
 
Investment into sports facilities 
(DM/inhabitant, 1975-1990): 
-Finland 1100 
-West Germany 332 
-East Germany (not available) 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Suminski et al. 
2005) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Design: 
Cross-sectional  
 
Setting: 
Ohio, U.S.A 
 
Sample: 
N=474 
 
Gender 
Female (56%) 
Age (mean) 
Female: 36.6 years (±13.5) 
Male: 36.6 years (±15.7) 
Ethnicity  
Caucasian (89.7%) 
Hispanic (1.7%) 
African American (1.5%) 
Asian American (1.3%) 
 

Self-reported: 
Neighbourhood environment was 
assessed using a 10-item 
questionnaire, with a 10-point scale (1 
= worst rating to 10 = best rating): 
-Functional (construction/integrity of 
sidewalks & streets) 
 
-Safety (traffic volume & speed, 
lighting & crime) 
 
-Aesthetic (cleanliness and views of 
buildings & scenery) 
 
-Destinations (availability of places 
within walking distance e.g. shops, 
parks, schools & work). 

Self-reported:  
Duration and frequency of 
participation in a list of lifestyle & 
exercise-related physical activities 
engaged in during the last 7-days. 
 
If participants reported walking for 
any reason, it was determined whether 
it was done in their neighbourhood 
 
Outcome measures: 
PA divided into 3 categories:  
- Walking for transportation 
- Walking a dog 
- Walking for exercise 
 
Further divided into another 2 
categories: 
- Performed the activity in the 
neighbourhood 
- Participants who did not perform the 
activity and those who performed 
activity outside the neighbourhood. 
 

Women were more likely to walk for 
exercise (OR 4.60, CI 1.01-20.72) or 
walk a dog (OR 3.30, CI 1.01-11.08) 
in the neighbourhood if 
neighbourhood safety was mean 
versus below mean. 
 
Women with a mean number of 
neighbourhood destinations were more 
likely to walk for transportation (OR 
5.70, CI 1.63-19.73) than women with 
a below mean number of 
neighbourhood destinations. 
 
Men were less likely to walk for 
transportation in the neighbourhood if 
the functional (OR .22, CI .06-.89) or 
aesthetic (OR .17, CI .03-.89) features 
of the neighbourhood were mean 
versus below mean. 
 
Results adjusted for age and education 
 

N/A 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Titze et al. 2005) Design:  
Longitudinal study (follow-up at 
24-months) 
 
Setting: 
Graz, Austria 
 
Sample:  
Women who registered for 7.9 
kilometre fun run  
N=822 (Baseline)  
N=509 (Follow-up)  
Age 
≥35 years (74.4%) 
Education 
Polytechnic School or University 
(37%) 
 
 
 

Self-reported:  
Environmental factors related to 
running area including: 
-Accessibility (how much time does it 
take to reach) 
-Attractiveness (what is your main 
running area/how attractive is your 
neighbourhood) 
-Safety (how safe do you feel when 
running) 
 
Outcome measures: 
-Accessibility (<1 minute/>1 minute) 
-Attractiveness (open countryside or 
constructed environment) 
-Attractiveness (high/low) 
-Safety (high/low)  
 

Self-reported: 
Frequency and duration of running in 
a usual week 
 
Outcome measures: 
-Regular running (running at ≥2 
times/week for longer than the past 6 
months with running sessions ≥20 
minutes) 
- Irregular running (less than regular 
running) 
 
Running participation over two years 
was further categorized as: 
- Progressors (irregular at baseline, 
regular at follow-up) 
- Regressors (regular at baseline, 
irregular at follow-up) 
- Stable regular runners (regular 
runners at baseline & follow-up) 
- Stable irregular runners (irregular 
runners at baseline & follow-up). 
 
Other measures: 
- Body mass index 
- Health status 
- Motives for running 
- Social support 
- Process of change  
 
 
 
 
 
 
 

N/A No significant associations were found 
between perceived environmental 
attributes and running, however, 
women who perceived themselves to 
be in poor health & had unattractive 
neighbourhoods were more likely to 
regress from regular running (OR 2.7, 
CI 0.9-8.3) 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
  

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Troped et al. 
2003)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Design: 
Cross-sectional 
Setting: 
Arlington, U.S.A  
 
Sample: 
N=1002 
(N=413 included in analysis) 
Gender 
Female (60.4%) 
Age (mean) 
51.2 years (±16.8)  
Education 
≥College degree (62.1%) 
 
 
 
 
 
 
 

Self-reported: 
From Neighbourhood Environmental 
Walkability Scale (see Sallis et al. 
1997) 
 
 
Objective: 
GIS data of road network distance for 
household to access point on 
community trail 

Self-reported: 
Frequency & duration of recreation or 
exercise 
 
Outcome measures: 
-Total minutes/week of recreational 
activity 
-Total minutes/week walking &/or 
cycling for transport 
 
Other measures: 
-Self-efficacy 
 

N/A 
 
 

Recreational physical activity: 
No environmental factors associated 
with recreational physical activity 
participation in adjusted models  
 
Transportation physical activity: 
Those reporting seeing people 
exercise, presence of sidewalks, & 
enjoyable scenery spent more time 
participating in transportation physical 
activity than those who did not report 
these characteristics 
 
Presence of streetlights (coef. 42.07), 
enjoyable scenery (coef. 48.94), 
sidewalks (coef. 47.75) & distance to 
trail (-54.65) associated with 
transportation  physical activity in 
adjusted models 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample 
 

Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Troped et al. 
2001) 
 

Design: 
Cross-sectional 
 
Setting: 
Arlington, U.S.A 
 
Sample: 
N=413 
Gender 
Females (60%) 
Age 
<39 years (29%) 
40-59 years (37%) 
≥60 years (34%) 
Education 
College degree (>60%) 
≥Masters degree (30%) 
 
 

Self-reported:  
- Home environment 
- Neighbourhood environment 
- Convenient environment 
-Distance to bikeway 
-Steep hills between residence & 
bikeway 
-Busy street between residence & 
bikeway 
 
Objective:  
Geographical information systems 
(GIS) data 
-Distance (via road network) from 
residence to bikeway 
-Presence of ≥1 major street between 
residence &  bikeway 
-Steep hill en route to bikeway 
 

Self-reported: 
- Use of the bikeway in past 4-weeks 
(yes/no) 
 
 

N/A Self-reported environment: 
Distance to bikeway, & busy street 
inversely related to use of bikeway 
(OR .65, CI .54-.79)  
 
Those reporting no busy street to cross 
were twice as likely to use the 
bikeway than others (OR 2.01, CI 
1.11-3.63) 
 
Objective environment: 
Distance via road network inversely 
associated with use of bikeway (OR 
.58, CI .45-.73) 
  
No steep hill between residence & 
bikeway associated with increased use 
of bikeway (OR 1.90, CI 1.09-3.32)  
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Van Lenthe et al. 
2005) 

Design: 
Cross-sectional study 
 
Setting: 
Seventy-eight neighbourhoods in 
Eindhoven, Netherlands 
 
Sample: 
N=8767 
 
 

Objective: 
Neighbourhood characteristics rated 
(by representatives from municipal 
services) on 5-point Likert type scale: 
- General attractiveness of 
neighbourhoods (structural design, 
quality of green facilities & amount of 
noise from traffic) 
- Proximity to neighbourhood facility 
(availability of food shops & sport & 
recreational facilities) 
- Safety in the neighbourhood (amount 
of police attention required in the area) 
 
 
 
 

Self-reported: 
Three aspect of physical inactivity 
were measured including: 
- Time per day walking & cycling to 
shops or work 
- Mean amount of time walking, 
cycling & gardening in leisure time 
per week 
- Mean amount of time per week 
participating in sports 
 
Outcome measures: 
- Almost never walking or cycling to 
the shops (walking/cycling for ≤15 
minutes/day) 
- Almost never walking, cycling or 
gardening in leisure time 
(participation rated as “almost never”) 
- Almost no sport participation 
(participation rated as “almost never”) 
 
 
 
 

N/A 
 

Among respondents ≤49 years odds of 
almost never walking & cycling to 
shops or work was lower if noise 
pollution of traffic is poor versus good 
(OR .80, CI .66-.97) 
 
Among respondents ≤49 years odds of 
almost never walking & cycling to 
shops or work was higher if noise 
pollution is average versus good (OR 
1.27, CI 1.00-1.63) 
 
Among respondents >49 years odds of 
almost never walking & cycling to 
shops or work was higher if proximity 
to food shops was average (OR 1.32, 
CI 1.11-1.56) or poor (OR 1.36, CI 
1.09-1.69) versus good  
 
Odds of almost never  walking, 
cycling & gardening for leisure was 
higher if general physical design was 
poor (OR 1.40, CI 1.17-1.69) or 
average (OR 1.09, CI 1.54) versus 
good 
 
Odds of almost never walking, cycling 
& gardening for leisure was higher if 
noise pollution from traffic was poor 
versus good (OR 1.20, CI 1.01-1.44) 
 
Odds of almost no sports participation 
was higher if proximity to sports 
facilities was poor versus good (OR 
1.23, CI 1.05-1.45) or if little versus 
much police attention was required 
(OR 1.17, CI 1.00-1.38) 
 
Results adjusted for neighbourhood 
SES, age, gender, and education 
 



 

 

 381 

Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Vest & Valadez 
2005) 

Design: 
Cross-sectional 
 
Setting: 
Austin/Travis County, Texas, 
U.S.A 
 
Sample: 
N=1635 
 

Self-reported: 
Neighbourhood environmental 
characteristics (6-items): 
 
- Safety from crime (quiet safe/slightly 
safe/not at all safe) 
- Presence of sidewalks (yes/no) 
- Adequacy of streetlights (very good-
good/fair/poor-very poor) 
- Trustworthy neighbours (yes/no-don't 
know) 
- Attractiveness of neighbourhood 
(very attractive/somewhat 
attractive/not very-not at all attractive) 
- Pleasantness for walking (very 
pleasant/somewhat pleasant/not 
very/not at all pleasant) 
 
 
 
 

Self-reported: 
Behavioural Risk Factor Surveillance 
System (BRFSS) 
 
Outcome measures: 
Physical inactivity measured by a 
response of no to the BRFSS core 
exercise question: 
“During the past month, other than 
your regular job, did you participate in 
any physical activities or exercises 
such as running, callisthenics, golf, 
gardening or walking for exercise?” 

N/A People were more likely to be inactive 
during their leisure time if they 
reported: 
Neighbourhood as safe from crime 
(OR 2.02-2.87, all p<.05) 
 
Neighbourhood as an pleasant place to 
walk (OR 1.94, CI 1.19-3.17) 
 
 
Results adjusted for gender, 
race/ethnicity, age & education 
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Table 32. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 

 
Study Research design & sample 

 
Environmental  measures Physical activity outcome 

measures/other factors measured 
Associations with walking only 

 
Associations with physical activity 

other than walking 
(Voorhees & 
Young 2003) 

Design: 
Cross-sectional  
 
Setting: 
Fairfax & Arlington Counties, & 
Alexandria City 
Northern Virginia, U.S.A  
 
Sample: 
N=285 (Latino women)  
Age 
20-29 years (46.0%) 
30-39 years (31.2%) 
40-50 years (22.8%) 
Mean: 31.9 years (±8.4)  
 

See previous summary for Ainsworth 
et al. (2003)  
 
 
 

See previous review 
 
 
 
 

N/A No significant associations between 
physical environmental factors and 
recommended levels of physical 
activity 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Wendel-Vos et al. 
2004) 
 
 
 
 

Design: 
Cross-sectional  
 
Setting: 
Maastricht, Netherlands 
 
Sample: 
N=11541 
Gender 
Female (54%) 
Age (mean) 
Men:  49.6 years (+10.5) 
Women: 48.7 years (+10.9) 
Education level 
Low (58.2%) 
Medium (22.3%) 
High (19.5%) 

Objective: 
GIS databases of Statistical 
Netherlands on land utilization 
for green & recreational space 
including: 
- Woods, parks, sports grounds (not 
including gyms or fitness centres), 
allotments, grounds for day trips e.g. 
zoo or amusement parks 
 
Outcome measures: 
Total square metres of green & 
recreational space were calculated for 
each neighbourhood using a radius of 
300m & 500m. Postcodes were used to 
link participants to neighbourhoods  

Self-reported: 
Short Questionnaire to Assess Health 
Enhancing Physical Activity 
(SQUASH) capturing frequency, 
duration & intensity for four domains 
of physical activity: 
- Commuting 
- Occupational 
- Household 
- Leisure time 
 
Outcome measures 
- Total time/week walking & cycling 
for commuting or for leisure 
 
  

N/A In neighbourhoods defined as 300m 
buffer time spent walking and 
bicycling during leisure time was 
associated with the area of sports 
ground in that neighbourhood (β = .04, 
CI .01-.07) 
 
In neighbourhoods defined as 500m 
buffer time spent walking and 
bicycling during leisure time was 
associated with the area of sports 
ground in that neighbourhood (β = .02, 
CI .01-.04) 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample 
 

Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Wilbur et al. 2003) Design: 
Cross-sectional  
 
Setting: 
Chicago, U.S.A 
 
Sample: 
N=399  (African-American 
women)  
Age 
20-29 years (37.3%) 
30-39 years (32.3%) 
40-50 years (30.3%) 
Mean: 33.7 (±9.1) years 
 

See previous summary for Ainsworth 
et al. (2003)  
 

See previous review 
 
 
 
 

N/A Respondents who reported safety from 
crime were more likely to engage in 
some physical activity than those who 
reported their neighbourhood to be 
slightly safe/not at all safe (OR 2.43, 
CI 1.19-4.99)  
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
  

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Wilcox et al. 
2000) 

Design: 
Cross-sectional 
 
Setting: 
U.S.A  
 
Sample: 
N=1096 urban females  
N=1242 rural females 
Age  
40-49 years  
(Urban 39.2%/rural 39.1%) 
50-59 years  
(Urban 25.6%/rural 26.5%) 
60-69 years  
(Urban 19%/rural 21.7%) 
≥70 year  
(Urban 16.1%/rural 12.7%) 
Education 
<High school  
(Urban 20.9%/rural 31.8%) 
High school  
(Urban 28.5%/rural 33.5%) 
Some college  
(Urban 24.7%/rural 18.5%) 
College  
(Urban 25.9%/rural 16.2%) 
 

Self-reported: 
Presence of the following features in 
the neighbourhood:  
-Sidewalks 
-Heavy traffic 
-Hills 
-Street lights 
-Unattended dogs 
-Enjoyable scenery 
-High crime 
-Access to facilities 
-Frequently seeing others exercise   

Self-reported: 
Two week recall of frequency & time 
spent participating aerobic activities 
 
Outcome measures: 
- Inactive (no participation) 
- Insufficient (not inactive & not 
sufficiently active) 
- Active (≥3 sessions of jogging, 
running, hiking, biking, swimming, 
dancing for ≥20 minutes resulting in 
medium to large increases in heart rate 
or ≥5 sessions ≥30 minutes or activity 
with some increase in heart rate) 
 
Other measures: 
-Physical limitations 
-Body mass index 
-Perceived barriers 
-Social  support  
-Physician advice to exercise 

N/A Not having enjoyable scenery (OR 
1.71, CI 1.16-2.53), & not frequently 
seeing others exercise (OR 1.39, CI 
1.06-1.81) was associated with 
inactivity in rural females after 
adjusting for other characteristics 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 

 
Study Research design & sample Environmental  measures Physical activity outcome 

measures/other factors measured 
Associations with walking only 

 
Associations with physical activity 

other than walking 
(Wilson et al. 
2004) 

Design: 
Cross-sectional 
 
Setting: 
A south eastern county, U.S.A 
 
Sample: 
N=1194 (stratified by low & high 
SES areas) 
 

Self-reported: 
Neighbourhood level supports 
captured: 
- Access (presence of sidewalks & 
public recreation facilities) 
- Safety (presence of traffic, street 
lighting, unattended dogs, safe 
neighbourhoods, pleasant 
neighbourhoods & neighbours that 
could be trusted) 
 
Community level supports captured: 
- Access (presence of walking or 
bicycling trails, public pools, 
recreation facilities, schools, malls, 
places of worship & waterways) 
- Safety (if recreational facilities were 
perceived as safe & whether safety 
concerns influenced the use of 
recreational facilities) 
 
Objective: 
GIS used to identify trail, sidewalks, 
public recreation facilities & violent 
crime incidents in neighbourhoods & 
communities 
 
Neighbourhood was defined as 0.5 
mile radius or 10 minutes walk from 
home and community was defined as a 
10 mile radius or 20 minutes drive 
from home 
 
 
 
 

Self-reported: 
Physical Activity 
2001 Behavioural Risk Factor 
Surveillance System physical activity 
module. Frequency & duration of 
walking behaviour recreation, 
exercise, transportation or at work. 
Other physical activity also captured  
 
Outcome measures: 
- Meeting recommendations (≥30 
minutes/day, ≥5 days/week of 
moderate intensity PA or  ≥20 
minutes/day, ≥3 days/week of 
vigorous intensity PA) 
- Not meeting recommendations (some 
physical activity or no moderate or 
vigorous intensity) 
-Regular walking (≥30 minutes/day 
for ≥5 days/week) 
- Not walking regularly (doing some 
walking but less than amounts 
indicated for regular walking or no 
walking reported) 

In the low SES group: 
- Having & using walking/cycling 
trails were associated with walking 
≥150 minutes/week (OR 3.04, CI 
1.24-7.48) 
 
-Having and using waterways (OR 
.24, CI .08-.71) and having  but not 
using waterways (OR .44, CI .21-.94) 
negatively associated with walking 
≥150 minutes/week 
 
 
In the high SES group: 
- Having but not using parks was 
negatively associated with walking 
>150 minutes/week (OR .44, CI .21-
.92). 
 
Results adjusted for age, body mass 
index, race, and gender 

In the low SES group: 
- Having & using walking/cycling 
trails were associated with 
recommended physical activity levels 
(OR 2.81, CI 1.38-7.93) 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample 
 

Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Young & 
Voorhees 2003) 

Design: 
Cross-sectional  
 
Setting: 
Baltimore, Maryland, U.S.A 
 
Sample: 
N=234 (African-American 
women)  
Age 
20-29 years (22.7%) 
30-39 years (32.9%) 
40-50 years (44.4%) 
Mean: 36.8 (±8.9) years 

See previous summary for Ainsworth 
et al. (2003)  
 
 

See previous review 
 
 

N/A Associations between physical 
environmental factors and reported 
physical activity not statistically 
significant 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Zlot & Schmid 
2005)  

Design: 
Ecological study  
 
Setting: 
34 metropolitan statistical area or 
cities across the U.S.A 
 
Sample: 
-Behavioural Risk Factor 
Surveillance System (BRFSS) 
N=206 992 
-Nationwide Personal 
Transportation Survey (NPTS) 
N=409 025 
-Trust for Public Land N=55 
cities 
 

Objective: 
Parkland as percentage of a city’s 
acreage for 55 most populous cities in 
the U.S.A. 
 
Parkland included all parks & reserves 
owned by municipal, county, 
metropolitan, state or federal agencies 
within the boundaries of the city 
 
 

Self-reported: 
1996 & 1998 Behavioural Risk Factor 
Surveillance System (BRFSS) survey. 
Captured participation in any physical 
activities in the past month 
and the two most undertaken types of 
activities in the past month (only 
included respondent’s who reported 
walking or bicycling as one of their 
most frequent physical activities) 
 
NPTS 
-Walking or bicycling for transport in 
the past week 
 
Outcome measures: 
-Proportion of respondents/city 
walking or cycling for recreation 
-Proportion of respondents/city 
walking or cycling for transport 
 
 

N/A 
 

Percentage of parkland at city level 
associated with proportion of 
respondents walking/bicycling for 
transport (r = .62, p<.001) 
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Table 32 continued. Studies since 2000 examining built environmental factors associated with participation in physical activity and walking 
 

Study Research design & sample Environmental  measures Physical activity outcome 
measures/other factors measured 

Associations with walking only 
 

Associations with physical activity 
other than walking 

(Zlot et al. 2006) Design: 
Cross-sectional 
 
Setting: 
U.S.A 
 
Sample: 
N=2118  
 
Gender 
Male (48.6%) 
Age 
18-24 years (12.7%) 
25-34 years (20.8%) 
35-44 years (22.8%) 
45-54 years (17.1%) 
55-64 years (10.8%) 
≥65 years (15.8%) 
 
 
 
 
 
 
 

Self-reported: 
Four types of barriers were measured 
which included environmental: 
Environmental - presence of parks& 
sidewalks, crime, traffic, safety & 
weather 
 
A total score was calculated for 
environmental barrier & overall total 
barrier score calculated & categorized 
into high, medium or low tertiles. 
 

Self-reported: 
Leisure time physical activity & 
transportation related physical activity 
(trips made by walking or bicycling) 
were measured. 
 
Outcome measures: 
1)Recommended (moderate physical 
activity ≥5 times/week at 30 minutes 
per session or vigorous physical 
activity for ≥3 times/week at 20 
minutes per session or ≥150 minutes 
reported minutes of walking &/or 
bicycling for transport per week) 
2) Irregular (less than recommended) 
3) Sedentary (no physical activity) 
 
 
 

N/A Compared with reporting low 
environment barriers, medium (OR 
1.23, CI 1.00-1.79) and high (OR 
1.75, CI 1.25-2.44) environmental 
barriers associated with failing to meet 
recommended levels of physical 
activity. However, this association no 
longer significant after time, social 
capital and transportation barriers 
added to the model.  
 
Results adjusted for income and 
marital status 
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Table 33 continued. Studies since 2000 including interventions that change the built environment to promote participation in physical activity 

and walking  
 

Study Activity target 
(Implied or explicit) 

Describe the 
Intervention 

Setting and sample Research design and follow-
up 

Physical activity outcome 
measures/other characteristics or 

factors measured 

Associations with physical 
activity including walking 

(Evenson et al. 
2005) 

Increase physical 
activity among 
residents living within 
2 miles of a recently 
built multi use trail 

Prospectively evaluated, through 
a phone survey, whether physical 
activity increased in association 
with the building of a multiuse 
trail. 
 
2.8 miles of an already existing 
abandoned railroad bed was 
converted to a multiuse trail, 
paved (10 feet wide) for 
pedestrians, bicyclists & others 

Setting: 
Durham, North Carolina, 
U.S.A 
 
Sample: 
N=685 (baseline survey) 
N=366 (follow-up survey) 
Age 
18-29 years (8.9%) 
30-39 years (25%) 
40-49 years (23.6%) 
50-64 years (29.4%) 
≥65 years (13.1%) 

Quasi-experimental non 
control pre & post design 

Self-reported: 
2001 Behavioural Risk Factor 
Surveillance System module on leisure 
activity, physical activity and moderate 
& vigorous physical activity 
Two additional questions measured 
transportation activity, 
1) In the past month how many times 
did you walk or bike for transportation, 
such as to and from work or shopping? 
2) In the past month, when you walked 
or biked for transportation, how many 
minutes or hours did you usually do this 
at a time? 
Outcome measures: 
Met recommendations (moderately 
active for ≥30 minutes for 5-7 day/week 
or vigorously active ≥20 minutes for 3-7 
days/week) 
Insufficiently active (some physical 
activity but not enough to meet 
recommendations) 
Inactive(no physical activity) 
  
Other measures: 
Self-reported 
Trail use  
Trail & neighbourhood characteristics 
Neighbourhood safety 
General health 
Body Mass Index 
Objective  
Weather 
Shortest distance to trail from 
participants home was also calculated. 

No significant change in physical 
activity levels for those who used 
the trail in comparison to those 
who did not. 
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Table 33 continued. Studies since 2000 including interventions that change the built environment to promote participation in physical activity 

and walking 
 

Study Activity target 
(Implied or explicit) 

Describe the 
Intervention 

Setting and sample Research design and follow-
up 

Physical activity outcome 
measures/other characteristics or 

factors measured 

Associations with physical 
activity including walking 

(Faskunger et 
al. 2003) 

Stair use instead of 
escalator use when 
exiting a commuter 
train station 

Observers counted the number of 
commuters exiting a train station 
either using the stairs or the 
escalators. 
 
The environment was modified 
in favour of escalator use (2 
escalators ascending) or stair use 
(only one escalator ascending)  

Setting: 
Commuter train station 
located in a suburb of 
Stockholm, Sweden 
 
Sample: 
N=1614 commuters during 
the period between 8am-9am 
(rush hour) 
 
In total commuters used: 
Escalator (N=1174) 
Stairs (N=440) 
 

Observational study, no 
follow-up 

Physical activity: 
Objectively measured 
Pedestrian traffic volume exiting a 
commuter train station (total number of 
people using the escalators and stairs 
between a one hour period at a peak 
time) 

In the situation favouring stair 
use 35.4% decided to climb the 
stairs while 64.6% used the 
escalator. 
When the situation favoured 
escalator use only 18.2% (p = 
.000) decided to use the stairs 
while 81.8% used the escalators. 
 
When large groups of commuters 
exited trains  at the same time in 
the condition favouring stair use 
it increased to 38.7% & in the 
condition favouring escalator use 
stairwell use decreased to only 
22.5% 
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Table 33. Studies since 2000 including interventions that change the built environment to promote participation in physical activity and 

walking 
 

Study Activity target 
(Implied or explicit) 

Describe the 
Intervention 

Setting and sample Research design and follow-
up 

Physical activity outcome 
measures/other characteristics or 

factors measured 

Associations with physical 
activity including walking 

(Kerr 2001) Stair use instead of 
escalator use in 
shopping mall 

Point of choice prompts using 
motivational signage/banners on 
stair risers for stairs which were 
adjacent to an escalator 
 
The banners were in place for 12-
weeks 
 
Observers counted the traffic of 
shoppers using stairs, and 
estimated demographic 
characteristics those counted 
 
Observations were made as 
baseline (prior to intervention) 
during, at end of intervention (12 
weeks) and follow-up (6-weeks 
later)  

Setting: 
Shopping mall in Midland 
region, UK 
 
Sample: 
Shoppers who visited the 
mall between 11:00 and 
13:00 (lunch-time shoppers) 
Gender 
Females (58%) 
Age  
≥60 years (24%) 
Ethnicity 
Non-Caucasian (15%) 

Observational with repeated 
measures 

Physical activity: 
Objectively measured 
-Pedestrian traffic volume (total No. of 
people on escalators and stairs per 30 
minutes) 
 
-Use of stairs/escalator (dichotomized) 
 

All groups  (gender by >or<60 
years of age and Caucasian 
versus non-Caucasian) increased 
stair use from baseline 
 
In initial 6 weeks of intervention 
females increase stair use greater 
than males (OR 2.45, CI 2.12-
2.83 and OR 1.92, CI 1.66-2.23, 
respectively) 
 
Stair use in follow-up period 
remained significantly higher 
than baseline levels for all 
groups 
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Table 33 continued. Studies since 2000 including interventions that change the built environment to promote participation in physical activity 

and walking 
 

Study Activity target 
(Implied or explicit) 

Describe the 
Intervention 

Setting and sample Research design and follow-
up 

Physical activity outcome 
measures/other characteristics or 

factors measured 

Associations with physical 
activity including walking 

(Kerr et al. 
2004) 

Stair use instead of 
elevator use in a work 
site 

Four passive interventions 
without active promotion were 
implemented in stages 
throughout 3 years to test their 
effectiveness: 
 
1) Installing new carpet, painting 
walls & painting large numbers 
on the doors to identify building 
floors (Oct 1998) 
2) Adding framed artwork on 
stair landings (Dec 1998) 
3) Displaying motivational signs 
throughout the building & on a 
computer kiosk in the lobby 
(Sept 1999) 
4) Adding a stereo system & 
playing various types of music in 
the stairwell (Oct 2001) 
 
 

Setting: 
Main stairwell in the Centre 
for Diseases Control & 
Prevention’s (CDC) Rhodes 
building in Atlanta, Georgia, 
U.S.A  
 
Sample: 
N=554 (Permanent CDC 
employees)  
N=110 (Temporary 
employees)  
 
Gender 
Permanent female (74.2%) 
Permanent male (25.8%) 
Ethnicity 
Permanent white (66.4%) 
Permanent African- 
American (28.2%) 
Permanent Hispanic (3.1%) 
Permanent Asian/Pacific 
Islander (2.3%) 
 
 

Longitudinal study with no 
comparison group 

Physical Activity: 
Objectively measured 
Infrared beam sensors (Bunyar-
Malenfant International model STC 108 
traffic counters) were installed at each 
of the stairwells entries of the five 
floors and recorded each passage when 
a person moved between a transmitter 
& receiver. (each trip in a stairwell 
involved two passages, one to enter the 
stairwell and one to exit). 
 
A central controller continuously 
recorded the passages detected by each 
sensor throughout the week. 
Data was collected continuously during 
the baseline and intervention periods 
 
Outcome measure 
Number of trips per day was calculated 
by adding the total stair passages for 
each floor and dividing by two (to 
account for stairwell entry & exit). The 
rate of stairwell trips per day per 
occupant. 

Motivational signs and music 
significantly increased stair use 
by 8.9% over baseline (p<.05) 
The increase in sign use occurred 
in the first 3 months of the 
intervention whereas the increase 
in music occurred after the first 3 
months. 
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Table 33 continued. Studies since 2000 including interventions that change the built environment to promote participation in physical activity 

and walking 
 

Study Activity target 
(Implied or explicit) 

Describe the 
Intervention 

Setting and sample Research design and follow-
up 

Physical activity outcome 
measures/other characteristics or 

factors measured 

Associations with physical 
activity including walking 

(Merom et al. 
2003) 

Increased use of 
recently constructed 
‘Rail Trail’ by 
residents within 5 
kilometres of trail 

Launch and local promotional 
campaign of newly constructed 
16.5 kilometre cycle way 
 
Length of campaign 
approximately three months 

Setting: 
Australia - 4 suburbs in 
Western Sydney 
 
Sample: 
N=568 (Pre-intervention 
survey) 
 
N=450 (Post-intervention 
survey)  
 
Age (range)  
18-55 years 

Cohort study 
 
Pre-and post-test design 
 
 

Physical Activity: 
Self-reported walking and cycling 
behaviour  
 
Outcome measures: 
Total time spent walking and cycling 
(continuously for ≥10 minutes) for 
recreation, exercise, or transport in the 
previous week 
 
Other Measures: 
-Self-reported awareness of promotional 
campaign 
promotion of cycling or 
 awareness of new trail  
-Intention to be active in short-term. 
-Objective measure of cycle traffic on 
trial (24 hour readings of bike counters - 
October 2000-March 2001) 
-Proximity of residence to trail  (inner 
<1.5 kilometres or outer 1.5-5 
kilometres) 
-Weather 
 
 

No significant change 
 
Other Associations with 
walking only: 
Trail awareness: 
Increase of 2.9% in unprompted 
awareness of trail (p<0.01) 
 
Cyclists more likely to be aware 
of the trail (OR 2.75, CI 1.52-
4.98) (adjusting for age, gender, 
family status, ethnicity ‘inner’ 
proximity) 
 
Trail traffic: 
Significant change in mean bike 
traffic following intervention at 
Cabramatta (β=.3025, p=.0001), 
and Guildford (β=0.2092, 
p=.0004) 
Rain inversely associated with 
daily counts at Cabramatta (β=-
.1593, p=.0040) and Guildford 
(β=.2092, p=.0004) 
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APPENDIX 2-A: CATEGORY CHARACTERISTIC 

CURVES FOR ORIGINAL FUNCTIONAL/SAFETY ITEMS 
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Figure 10. Category Characteristics curve for path continuity 

(0 = not continuous, 1 = continuous) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. Category Characteristic Curve for alternative routes 

(0 = no alternative route, 1 = alternative routes present) 
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Figure 12. Category Characteristic Curve for slope of path/road 

(0 = access to steep slope only, 1 = access to moderate slope only, 2 = access to steep 

slope only) 

 

 

 
 

Figure 13. Category Characteristic Curve for road width 

(0 = ≥4 lanes, 1 = <4 lanes) 
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Figure 14. Category Characteristic Curve for path/road condition 

(0 = path 2 sides poor/road poor, 1 = path good 1 side/road moderate, 2 = path 

good both sides/road good) 

 

 

 
 

Figure 15. Category Characteristic Curve for street lights 

(0 = no lights, 1 = lights present one-side of street, 2 = lights present on both sides 

of street) 
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Figure 16. Category Characteristic Curve for destinations 

(0 = no destinations present, 1 = destinations present) 

 

 

 

 
 

Figure 17. Category Characteristic Curve for driveway crossovers 

(0 = less than ¼ of buildings have driveways, 1 = at least ½ of buildings have 

driveways) 
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Figure 18. Category Characteristic Curve for street surveillance 

(0 = can be seen from 50% of houses, 1 = can be seen from 50-75% of houses, 2 = 

can be seen from at least 75% of houses) 

 

 
 

Figure 19. Category Characteristic Curve for traffic speed 

(0 = at least 60 kilometres/hour, 1 = less than 60 kilometres/hour) 
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Figure 20. Category Characteristic Curve for traffic volume 

(0 = at least 14000 vehicles/day, 1 = 3000-13999 vehicles/day, 2 = less than 3000 

vehicles/day) 

 

 
 

Figure 21. Category Characteristic Curve for street pattern 

(0 = cul-de-sac, 1 = mixed grid, 2 = grid) 
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Figure 22. Category Characteristic Curve for intersection distance 

(0 = at least 250 metres, 1 = less than 250 metres) 

 

 

 
 

Figure 23. Category Characteristic Curve for intersection design 

(0 = 3-way intersection, 1 = 4-way intersection) 
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Figure 24. Category Characteristic Curve for path location from road 

(0 = no path, 1 = access to a path within 1 metre of the road, 2 = access to a path 

within 1-3 metres of the road, 3 = access to a path more than 3 metres of the road) 

 

 
 

Figure 25. Category Characteristic Curve for traffic control device 

(0 = major road with no device, 1 = major road with device, 2 = minor road with 

no device, 3 = minor road with device, 4 = cul-de-sac either with or without device) 
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Figure 26. Category Characteristic Curve for crossing device 

(0 = major road with no device, 1 = major road with device, 2 = minor road with 

no device, 3 = minor road with device, 4 = cul-de-sac either with or without device) 

 

 

 

 
 

Figure 27. Category Characteristic Curve for crossing aid 

(0 = major road with no aid, 1 = major road with aid, 2 = minor road with no aid, 3 

= minor road with aid, 4 = cul-de-sac either with or without aid) 
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APPENDIX 2-B: CATEGORY CHARACTERISTIC 

CURVES FOR ORIGINAL AESTHETIC ITEMS 
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Figure 28. Category Characteristic Curve for cleanliness  

(0 = lots of rubbish, 1 = some rubbish, 2 = no rubbish) 

 

 

 

 
 

Figure 29. Category Characteristic Curve for trees  

(0 = no trees, 1 = some trees on one-side of street, 2 = lots of trees on one-side of 

street, 3 = some trees both sides of street, 4 = some trees on one-side of the street 

and lots the other-side, 5 = lots of trees both sides street) 
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Figure 30. Category Characteristic Curve for alikeness of building design  

(0 = all the same, 1 = different designs)  

 

 

 

 
 

Figure 31. Category Characteristic Curve for garden maintenance  

(0 = less than 50% of gardens maintained, 1 = 50-75% of gardens maintained, 2 = 

at least 75% of gardens maintained)  
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Figure 32. Category Characteristic Curve for verge maintenance  

(0 = less than 50% of verges maintained, 1 = 50-75% of verges maintained, 2 = at 

least 75% of verges maintained)  

 

 

 
 

Figure 33. Category Characteristic Curve for attractiveness  

(0 = not at all attractive, 1 = somewhat attractive, 2 = very attractive)  
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Figure 34. Category Characteristic Curve for views  

(0 = commercial and no nature, 1 = commercial and nature or urban and 

commercial, 2 = urban only, 3 = urban and commercial and nature, 4 = urban and 

nature) 

 

 

 

 



 

410 

APPENDIX 2-C: ITEM CHARACTERISTIC CURVES FOR 

FINAL FUNCTIONAL/SAFETY ITEMS 

 
 

(“Person” location on x-axis of figures is equivalent to the term “segment” location 

referred to in Chapter 8) 
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Figure 35. Item Characteristic Curve for path continuity  

(location = -0.57 logits) 

 

 

 
 

Figure 36. Item Characteristic Curve for alternative routes  

(location = 1.46 logits) 
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Figure 37. Item Characteristic Curve for slope of path or road  

(location = -0.81 logits) 

 

 

 

 
 

Figure 38. Item Characteristic Curve for road width  

(location = -2.15 logits) 
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Figure 39. Item Characteristic Curve for path or road condition  

(location = 0.47 logits) 

 

 

 

 
 

Figure 40. Item Characteristic Curve for destinations present  

(location = 1.10 logits) 
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Figure 41. Item Characteristic Curve for street surveillance  

(location = -0.39 logits) 

 

 

 

 

Figure 42. Item Characteristic Curve for traffic volume  

(location = -0.45 logits) 
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Figure 43. Item Characteristic Curve for street pattern  

(location = -1.07 logits) 

 

 

 
 

Figure 44. Item Characteristic Curve for intersection design  

(location = 2.11 logits) 
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Figure 45. Item Characteristic Curve for path location from road  

(location = 0.30 logits) 

 

 

 
 

Figure 46. Item Characteristic Curve for crossing aids  

(location = -0.01 logits) 

 

 



 

417 

APPENDIX 2-D: ITEM CHARACTERISTIC CURVES FOR 

FINAL AESTHETIC ITEMS 

 
(“Person” location on x-axis of figures is equivalent to the term “segment” location 

referred to in Chapter 8) 
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Figure 47. Item Characteristic Curve for cleanliness  

(location = -2.08 logits) 

 

 

 
 

Figure 48. Item Characteristic Curve for trees  

(location = 1.12 logits) 
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Figure 49. Item Characteristic Curve for verge maintenance  

(location = 1.23 logits) 

 

 

 
 

Figure 50. Item Characteristic Curve for alikeness of views  

(location = 4.40 logits) 
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APPENDIX 3-A: CLUSTERING OF ALL THESIS 

PHYSICAL ACTIVITY OUTCOME MEASURES WITHIN 

CENSUS COLLECTOR DISTRICTS 
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Table 34. Degree of clustering of physical activity within the census collector 

districts for each study 

 

Chapter Outcome variables examined in results chapter  
(i.e. physical activity or used of destinations for physical 

activity) 

Estimate of 
clustering (p) 
within census 

collector district1 
4 Distance travelled to formal facilities 0.16 

 Distance travelled to beach and rivers 0.31 

 Distance travelled to parks and ovals 0.43 

   

5 Regular versus non-transport walkers 0.04a 

 Regular versus irregular transport walkers 0.01a 

 Regular versus non-recreational walkers 0.02a 

 Regular versus irregular recreational walkers 0.00a 

 Regular versus non-vigorous physical activity participants 0.02a 

 Regular versus irregular vigorous physical activity 
participants 

0.00a 

 Averaged fortnightly minutes of vigorous-intensity physical 
activity  

0.04 

 Averaged fortnightly minutes of transport-related walking 0.05 

 Averaged fortnightly minutes of recreational walking 0.00 

   

6 Pay-for-use destination used within neighbourhood  
versus no pay-for-use destination used  

0.09a 

 Pay-for-use destination used within neighbourhood  
Vs. pay-for-use destination used outside neighbourhood 

0.15a 

 Free-for-use destination used within neighbourhood  
versus no free-for-use destination used 

0.27a 

 Free-for-use destination used within neighbourhood  
versus free-for-use destination used outside neighbourhood 

0.36a 

 Sufficient versus insufficient moderate-intensity physical 
activity 

0.02a 

 Sufficient versus insufficient vigorous-intensity physical 
activity  

0.04a 

   

9 Fortnightly minutes of vigorous-intensity physical activity 
(Log transformed) 

0.02 

 Fortnightly minutes of recreational walking  
(Log transformed) 

0.00 

a Based on an estimated exchangeable working correlation matrix (see Chapter 3 for more 
detail) 
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APPENDIX 4-A: SUPPLEMENTARY DATA TO THE 

STRUCTURAL EQUATION MODELS PRESENTED IN 

CHAPTER 9 
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Table 35. Factor pattern and structure coefficients18 for the self-efficacy items 

included in the two-factor measurement model presented in Chapter 9 

 

 Intrapersonal self-efficacy Interpersonal self-efficacy 
 
Self-efficacy item 

Pattern 
coefficient1 

Structure 
coefficient 2 

Pattern 
coefficient 1 

Structure 
coefficient 2 

     
Have work commitments 0* 0.492 0.679 0.679 
Have social commitments 0* 0.643 0.887 0.887 
Have family commitments 0* 0.597 0.823 0.823 
     
Are tired 0.762 0.762 0* 0.552 
Are in a bad mood 0.756 0.756 0* 0.548 
     
Notes: Item wording is “How confident are you that for the next six months you could stick to a regular 
exercise routine when you…”  
* Values are parameters constrained at 0 to allow model identification 
1 The standardized measurement weights from the confirmatory factor analysis of the two-factor model (i.e. 
intrapersonal self-efficacy and interpersonal self-efficacy) 
2 The standardized measurement weight multiplied by the correlation between intrapersonal self-efficacy 
and interpersonal self-efficacy (i.e. r = 0.725) 

                                                 
18 Thompson (1997) proposes this method of assessing discriminant validity. The structure coefficients 
for items with pattern coefficients fixed to zero were generally smaller than the structure coefficients on 
the items that were estimated from the measurement model indicating evidence of discriminant validity.  
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Table 36. Correlations between exogenous variables included in the structural 

equation model (i.e. for the unspecified group structure n = 1473) presented in 

Chapter 9 

 

 

 

 

 

Variables  Correlated with Correlation P-value 
     
Self-efficacy (intrapersonal) <--> Self-efficacy (interpersonal) 0.725 <0.001 
     
Self-efficacy (interpersonal) <--> Frequency of past trying -0.249 <0.001 
     
Attitude <--> Frequency of past trying -0.262 <0.001 
     
Self-efficacy (interpersonal) <--> Attitude 0.294 <0.001 
     
Self-efficacy (intrapersonal) <--> Attitude 0.317 <0.001 
     
Self-efficacy (intrapersonal) <--> Frequency of past trying -0.365 <0.001 
     
Self-efficacy (intrapersonal) <--> Subjective norm 0.088 0.013 
     
Self-efficacy (interpersonal) <--> Subjective norm 0.010 0.765 
     
Attitude <--> Subjective norm 0.103 0.001 
     
Frequency of past trying <--> Subjective norm -0.166 <0.001 
     


