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Synopsis 

 

INTRODUCTION 

The built environment is associated with physical activity yet little is known about how the 

effects of physical activity campaigns might vary across differing neighbourhood environments. 

Mass media campaigns are widely used in Australia, the US, the UK and Canada to promote 

physical activity. The purpose of this research was to conduct a series of studies to learn if 

environmental features moderate the effects of physical activity promotion mass media 

communication strategies. Three mass media-led campaigns were examined: Find Thirty every 

day a Western Australian state-wide physical activity campaign and WV Walks (West Virginia) 

and BC Walks (Broome County, New York), two walking campaigns conducted in North 

America. The overall aim of this thesis was to investigate the extent to which the built 

environment moderates the impact of mass media campaigns designed to increase physical 

activity amongst adults. The underlying hypothesis was that the environment positively 

moderates cognitive campaign impacts, behavioural impacts, and the relationship between 

cognitive and behavioural impacts. 

 

METHODS 

Perceptions of the neighbourhood environment were examined for moderating effects of all 

three campaigns and objectively measured environmental data were linked with survey data in 

Find Thirty every day. In Find Thirty, awareness, a range of other hierarchical cognitive 

campaign effects and behavioural effects were examined for moderation in both a cross-

sectional and cohort study design. In WV Walks and BC Walks awareness and behavioural 

effects were examined in a cohort study design. 

 

RESULTS 

In Find Thirty every day, contrary to expectations, significant interactions were found 

suggesting that the mix of destinations negatively moderated some cognitive campaign 

impacts. Those with a lower mix of destinations were more likely to accept the campaign 

message and take action than those with a greater mix. Environmental perceptions were not 

associated with cognitive campaign effects. In terms of behaviour, again significant negative 

interactions were found whereby the mix of destinations negatively moderated the likelihood 

of achieving sufficient levels of overall walking (but no other behavioural effects): i.e., people 



 

ii 
 

living in neighbourhoods with a greater mix of destinations, did less walking. Neither 

objectively measured neighbourhood walkability nor neighbourhood perceptions moderated 

behavioural impacts.  

In WV Walks, no significant associations with campaign awareness were identified. For walking 

behaviour among the intervention community, those with a greater mix of destinations 

increased their days walking significantly more than those with a lower mix of destinations. 

While the interaction term testing this difference did not reach statistical significance, no such 

association was observed in the comparison community. The results therefore suggested a 

positive moderating effect of the environment on behavioural campaign impact, which was 

consistent with the hypothesis but in contrast to the Find Thirty findings. No other 

environmental perceptions moderated this relationship in the WV Walks campaign, nor was 

there any evidence that the environment moderated campaign awareness or the relationship 

between awareness and behavioural impacts. In the BC Walks campaign, only a limited 

number of environmental variables were available to examine and there was no evidence of 

any moderating effects.  

 

CONCLUSION 

Objectively measured mix of local destinations emerged as a negative moderator of some 

cognitive campaign effects, and overall walking behaviour, among Western Australians. 

However, in those who did insufficient walking in the West Virginian campaign, there was 

evidence that perceptions of a mix of local destinations positively moderated campaign effects 

on overall walking as hypothesised. There are two competing theories emerging from this 

research: one is that individuals respond better to a campaign if their environment is 

supportive and the other is that motivational campaigns can help compensate for a less 

supportive environment. Based on findings to date, there is insufficient evidence to conclude 

that the built environment moderates physical activity intervention effects.  A review of the 

evidence showed that no two studies in this area have found the same feature to have the 

same moderating effect on intervention effects. This appears to be because there are a 

number of study design and measurement issues which precludes the ability to being 

conclusive about findings to date. Purpose design studies are needed to clarify the answer to 

this research question. In particular, these need to include consideration of environmental 

variation in the sample, context- and behaviour-specific outcome measures, objective and 

perceived environmental measures and statistical power. Given the importance of this 

question, this area of research warrants further exploration. 
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Chapter 1  

 

Introduction 

 

1.1 RESEARCH RATIONALE 

Every year 5.3 million people globally die from a cause attributable to insufficient physical 

activity (Lee et al.  2012). Increasing physical activity has been associated with reduced risk of 

hypertension, coronary heart disease, stroke, diabetes, breast and colon cancer, depression 

and the risk of falls (World Health Organization  2011a). Global guidelines are currently 150 

minutes of moderate- or 75 minutes of vigorous-intensity aerobic physical activity 

accumulated throughout the week (World Health Organization  2010). Yet, worldwide 31% of 

adults are insufficiently active (Hallal et al.  2012) with the prevalence in the US (40%) and 

Australia (38%) showing some of the highest (World Health Organization  2011b).  

To develop effective strategies for encouraging physical activity, multiple levels of influence 

(ecological models) need to be considered. Mass media is a communication strategy that has 

been used for several decades to raise awareness and influence social norms with regard to 

physical activity and increase physical activity behaviour in the US, UK, Canada and Australia. 

These campaigns have typically been targeted at individual factors (knowledge and beliefs 

about and attitudes towards physical activity) and more recent campaigns have had a focus on 

the social environment encouraging being active with others and joining organised groups. 

Social marketing strategies use a ‘consumer focus’ and a multi-level approach, targeting 

individual factors as well as social, environmental and policy factors and may or may not 

include a mass media component. However, little is known about how built environmental 

factors affect the impacts of both types of interventions.  

Moderation is a formal test of how one factor (a moderator) interacts with a predictor, 

changing the strength or direction of the effect of the predictor on the outcome. Campaign 

evaluations have rarely considered whether individuals living in neighbourhoods that are 

supportive of physical activity and active living are more or less likely to change their 

behaviour in response to a campaign than those in less supportive environments. Even fewer 

have considered the effect of the environment on intermediary campaign impacts such as 

acceptance of the campaign message and forming an intention. To develop more effective 

campaigns a better understanding of the multiple levels of influence on physical activity 
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behaviour and how these interact with each other is needed. This forms the rationale for 

undertaking the present research.  

 

1.2 THESIS AIM AND OBJECTIVES 

The overall aim of this thesis was to investigate the extent to which the built environment is a 

moderator of the impact of mass media campaigns designed to increase physical activity. The 

specific objectives were: 

1. To examine the moderating influence of objectively measured built environmental 

factors on the cognitive and behavioural impacts of the Find Thirty every day campaign 

(cross-sectional); 

2. To examine whether changes in cognitive and behavioural impacts of the Find Thirty 

every day campaign are moderated by perceptions of and objectively measured built 

environmental factors (cohort);  

3. To examine whether changes in cognitive and behavioural impacts of the WV Walks 

and BC Walks campaigns are moderated by perceptions of the built environment 

(cohort); and 

4. To examine the moderating effect of perceptions of the built environment on the 

relationship between cognitive and behavioural impacts of the WV Walks campaign 

(cohort). 

 

1.3 STRUCTURE OF THESIS 

This thesis is comprised of seven chapters. Chapter 2 introduces the broad field of health 

promotion and summarises the evidence of the influence of mass media strategies and 

environmental factors on physical activity. Chapter 3 reviews the limited intervention studies 

to date which have examined intervention impact for differential effects by the environment. 

Chapter 4 provides the context and background of the three campaigns investigated in this 

thesis. Chapter 5 investigates the Find Thirty every day Western Australian campaign for 

evidence of moderation and Chapter 6 examines the North American WV Walks and BC Walks 

campaigns in the same vein. Finally, Chapter 7 discusses findings across the three campaigns 

and compares them to the literature, making final conclusions as to whether the environment 

is a moderator of campaign effects. 
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Chapter 2  

 

Influencing Physical Activity Behaviour 

 

2.1 INTRODUCTION 

The previous chapter provided the rationale for finding effective strategies to increase 

population levels of physical activity and identified a gap in our understanding of the 

effectiveness of existing mass media and social marketing strategies. This chapter lays the 

foundation on which the thesis objectives and methodology are based. It defines health 

education and health promotion and describes the theoretical models that have guided health 

promotion attempts to increase physical activity. It then reviews and brings together two fields 

of research that have been concerned with influencing physical activity behaviour, namely 

social marketing and mass media approaches to increasing physical activity and the rapidly 

evolving field investigating the impact of the environment on physical activity.  

 

2.2 HEALTH EDUCATION AND HEALTH PROMOTION 

Researchers and practitioners concerned with changing health behaviour have invested much 

effort in understanding the causes of existing behaviours that are deleterious to health (Glanz 

et al.  2008). This involves identifying inhibiting and facilitating factors, the relationships 

between these factors and the conditions under which these factors do or do not influence 

behaviour (Nutbeam & Harris  2004).  

Health education is an individual-level strategy used to bring about behavioural change in 

individuals, groups, and larger populations with origins of today’s practice dating back to the 

1930’s. The intended changes are from behaviours considered detrimental to health to those 

conducive to present and future health. Initially, delivery of health information was by direct 

interpersonal communication in the three settings of schools, communities and patient care; 

however today delivery is not only in a broader range of settings but is delivered through a 

broader range of communication channels. Health education is thought to be sufficient to elicit 

behaviour change under the right conditions (Maibach et al.  2002).  

Health promotion has been defined as “the combination of educational and environmental 

supports for actions and conditions of living conducive to health” (Green & Kreuter  2005). The 
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distinct field of health promotion can be traced back to the Canadian Lalonde report released 

in 1974, which introduced the approach of promoting health in addition to providing health 

care services (Lalonde  1974). Later in 1986, the influential Ottawa Charter for Health 

Promotion was published by the World Health Organization, emphasising five goals for health 

promotion including the need for supportive environments and healthy public policy (World 

Health Organisation  1986). 

Health education and health promotion efforts to increase physical activity have included a 

range of types of interventions including mass media communication campaigns, primary care 

provider advice and exercise prescriptions, web-based interventions, phone counselling, 

workplace interventions and whole of community interventions. These interventions have 

been guided by health behaviour-change theories on changing individual characteristics and 

theories on changing community norms as well as established practices including the 

application of a social marketing approach (Michie et al.  2011; Nutbeam & Harris  2004). The 

next few sections briefly describe the dominant theories used to inform physical activity 

interventions. 

 

2.2.2 Individual behaviour theories 

For decades, health promotion and health education strategies have been informed by 

theories from the behavioural and social sciences (Nutbeam & Harris  2004). Numerous 

theoretical models have been developed to represent and understand the processes involved 

with changing individual physical activity behaviour. The dominating theoretical models that 

have guided health promotion practice to change individual characteristics related to physical 

activity (e.g., beliefs about and attitudes towards physical activity) have included the Health 

Belief Model (HBM), Theories of Reasoned Action (TRA) and Planned Behaviour (TPB), Social 

Cognitive Theory (SCT) and the Transtheoretical Model (TTM). 

The HBM is one of the earliest health behaviour change models that are still in use today and 

was developed in the 1950’s to explain why, in the absence of symptoms, patients sought a 

preventive health treatment (e.g., a pap smear, or mammogram) (Nutbeam & Harris  2004).  It 

attempts to explain health-related decision-making and preventive health action using a 

number of key variables: an individual’s perception (belief) of their susceptibility and the 

seriousness of a negative event; cues to action such as education, media or symptoms; beliefs 

that the recommended preventive measure will be effective and benefits will outweigh cost to 

the individual and the modifying influence of demographic factors (Champion & Skinner  2008; 

Nutbeam & Harris  2004). The main uses of the HBM in public health have been traditional 
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preventive health behaviours such as immunisation and attendance for health checks which 

are more infrequent compared with diet and physical activity behaviours. With the application 

of the theory to a broader range of health issues however, self-efficacy has recently been 

added to the HBM (Champion & Skinner  2008).  

TPB introduced the notion that factors influencing behaviour are mediated through 

behavioural intention which ultimately predicts behaviour (Ajzen  1985). This theory suggests 

that individuals form intentions to perform a behaviour if they believe it will be beneficial to 

do so, that the behaviour is socially desirable and there is social pressure to change their 

behaviour, and that they perceive they have behavioural control i.e., that they have the 

capacity to overcome barriers that may eventuate when trying to change behaviour (Nutbeam 

& Harris 2004). TRB developed from the Theory of Reasoned Action (TRA) (Fishbein & Ajzen  

1975) adding the last component of behavioural control. The theory has been widely used in 

health promotion to explain health behaviours including exercise, smoking, prevention 

behaviours for HIV and STDs, mammography use and oral health (Montaño & Kasprzyk  2008). 

The TTM was developed by Prochaska and Di Clemente from studying smokers who were 

attempting to change their behaviour in the absence of professional intervention (Prochaska & 

Marcus  1994). The theory integrates constructs of self-efficacy and decisional balance with 10 

identified processes of change: consciousness raising, dramatic relief, self-re-evaluation,  

environmental re-evaluation, self-liberation, helping relationships, counter conditioning, 

reinforcement management, stimulus control and social liberation (Prochaska et al.  2008). 

These processes have consistently been useful in supporting movement between five stages of 

motivational readiness to change behaviour, i.e., pre-contemplation, contemplation, 

preparation, action and maintenance (Nutbeam & Harris  2004). Health promoters targeting 

behaviour change can segment their audience and aim to move people along a continuum of 

change towards maintenance of the behaviour. The TTM has been applied to interventions for 

smoking, diet, exercise, stress management, medication adherence, bullying prevention, 

alcohol abuse, condom use, domestic violence, organ donation and multiple behaviour 

changes (Prochaska et al.  2008). 

SCT proposes that there is a reciprocal relationship between the individual, their environment 

and their behaviour, so that a change in one of these variables has implications for the others 

(Bandura  1986). SCT also introduces the notion of self-efficacy, a concept closely related to 

behavioural control, which is the confidence to perform a behaviour and overcome barriers to 

undertaking the behaviour. Self-efficacy is an important concept with regard to performing 
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behaviours because it can dictate how much effort is invested by individuals and level of 

performance achieved (Baranowski et al.  1997).  

 

2.2.3 Diffusion of innovations 

The diffusion of innovations model explains the process by which new ideas are communicated 

through channels over time among members of a social system to create social change (Rogers  

1983). The model classifies individuals according to how long it takes them to adopt the new 

idea or practice. Innovators are the small percentage of the population who first adopt the 

innovation, followed by early adopters (about 10-15%), early majority (30-35%), late majority, 

and finally laggards are the last to adopt (10-20%). Important factors in applying the theory 

effectively to programs include the characteristics of the potential adopters, the rate of 

adoption, the nature of the social system, the characteristics of the innovation and the 

characteristics of the change agents (Rogers  1983). 

 

2.2.4 Social marketing 

Social marketing emerged in the 1970’s (Donovan & Henley  2003). Social marketing is “the 

design, implementation, and control of programs seeking to increase the acceptability of a 

social idea or practice in a target group” (Kotler  1975). A more commonly used definition is 

“the application of commercial marketing technologies to the analysis, planning, execution and 

evaluation of programs designed to influence the voluntary behaviour of target audiences in 

order to improve their personal welfare and that of society” (Andreasen  1995). Recent 

adaptations have added that social marketing is concerned with facilitating individual 

behaviour change, as well as social and structural factors impinging on the individual’s access 

to a healthy lifestyle (Donovan & Henley  2003).  

Many techniques used in marketing are equally applicable to promoting health. For instance, 

segmenting the market and identifying target audiences, conducting market research and 

competitive assessment, and also use of consumer behaviour models (Donovan & Owen  

1994). Marketing techniques include utilising the four “P’s” Product, Price, Place and 

Promotion to conceptualise and develop marketing campaigns, which are also applicable to 

social marketing. In social marketing, the product is what is being promoted, and could refer to 

benefits of doing what is being promoted (what members of the target population will gain) or 

the behaviour itself (Grier & Bryant  2005). Price is the cost to the target population (eg. 

monetary, psychological, social or convenience), place refers to the distribution sites of the 
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‘product’ (eg. availability and accessibility of facilities where promoted behaviour could be 

done) and promotion refers to how the target audience are made aware of the product (eg. 

advertising, public relations and sponsored events) (Donovan & Henley  2003). 

The concept of social marketing was immediately popular in the field of public health replacing 

traditional paternalistic approaches (physician to patient, mother to child) with consumer-

orientated approaches (Maibach & Holtgrave  1995). This orientation is what differentiates 

social marketing from other frameworks on social change (Donovan & Henley  2003).  

Social marketing interventions have been a key method used in health promotion to target 

populations, combining communication and social-psychological theory, as well as using 

marketing techniques, in message development and program implementation (Walsh et al.  

1993). Social marketing has been used to encourage several health behaviours including sun 

protection, smoking cessation and, more recently, increased participation in physical activity. 

However, there has been concern that campaigns not adequately using social marketing 

elements are being incorrectly labelled as social marketing campaigns (Stead et al.  2007). 

When these campaigns fail it leads to the belief that social marketing is failing (Donovan & 

Henley  2003). An early criticism of social marketing was the focus on individual responsibility 

rather than focussing on underlying environment and social causes (Grier & Bryant  2005). 

However, this is because interventions labelled as social marketing campaigns were said to be 

poor examples of social marketing campaigns or not even social marketing campaigns per se 

(Stead et al.  2007). Rather, they were simply media campaigns. It has been proposed that the 

Hallmark of a social marketing campaign includes six specific components i.e., seek to change 

behaviour, use consumer/target audience research, tailor to audience segments, offer benefits 

that will offset the ‘cost’ of engaging in the desired behaviour (concept of ‘voluntary 

exchange’), adequately apply the marketing mix (the four “P’s”) and consider competing 

behaviours and use strategies to minimise the competition (McDermott et al.  2005; Stead et 

al.  2007). 

 

2.2.5 Mass media campaigns 

Mass media is a communication intervention tool (Noar  2006) used to raise awareness or 

change behaviour in a target population through channels that reach a broad audience 

(Abroms & Maibach  2008). This ‘mass strategy’ is important because a small change in a large 

number of people is more effective (i.e., has a larger public health impact) than making large 

changes in a small number of high-risk people (Noar  2006; Reger-Nash et al.  2006a). This has 
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been termed the prevention paradox because the mass strategy brings large benefits to the 

community but offers little to individuals who participate (Rose  1981). 

In physical activity promotion, mass media techniques are used to raise awareness, emphasise 

the need for behavioural change (Bauman et al.  2006; Leavy et al.  2011) and influence social 

norms with regard to increasing physical activity (Cavill & Bauman  2004). Mass media 

campaigns work best when using a simple, strong core message designed at creating 

awareness, conveying small quantities of information, or a call-to-action. Using mass media 

can be an effective way of achieving social marketing (behavioural) ends, particularly when 

combined with other social marketing tools. Mass media campaigns have not been effective in 

changing beliefs, values and attitudes or behavioural changes alone, but are effective at 

prompting target groups to seek further information and even provoking inter-personal 

communications that leads to these ends (Donovan & Owen  1994). 

McGuire’s hierarchy of effects model has been used to plan mass media campaigns for 

promoting health (McGuire  1981). The hierarchy is a framework for conceptualising the 

mechanisms through which a campaign message travels from initial awareness of a campaign 

to behavioural action (Bauman et al.  2008a). The model posits that about half the population 

at each stage of the hierarchy, will progress to the next stage. The model has been tested in 

two physical activity campaigns and the studies provided evidence that cognitive campaign 

impacts preceded behaviour (Bauman et al.  2008a; Craig et al.  2010). Figure 5.1 on page 59 

shows a hypothetical portrayal of McGuire’s hierarchy of effects model. 

A review by Noar (2006) summarised the history of health mass media campaigns, terming the 

40’s and 50’s ‘an era of minimal effects’, the 60’s and 70’s ‘a campaigns can succeed era’, the 

80’s and 90’s ‘a moderate effects era’ and the era in which the article was published ‘a 

conditional effects era’. In this latest (current) era, Noar argues that the principles of mass 

media campaigns have not changed since previous years, but are now being implemented 

more effectively. That is, formative research, use of theory, audience segmentation, message 

design and targeting, channel selection, process evaluation and outcome evaluation have been 

more effectively used in recent times. He concludes that if existing principles are effectively 

implemented then mass media campaigns for health can be successful (Noar  2006). 

 

2.2.6 Physical activity campaigns using mass media 

Several major reviews have pointed to the cognitive impact and behavioural success of 

individually-focussed, mass media campaigns that promote physical activity. Campaigns 
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undertaken to date have ranged in duration (one week to six years), focus (cardiovascular risk 

factors, tackling weight problems, moderate physical activity including walking, and specific 

walking campaigns) and theoretical bases (HBM, TPB, TTM, SCT, social ecological theory and 

social marketing). 

A very early review of campaign evaluations conducted up to 1984, found few of the early 

mass media campaigns measured physical activity levels, and if measured, these showed little 

improvement (Iverson  1985). The very early Stanford Heart Disease Prevention Program, 

conducted in the ‘70s, for example aimed to reduce the risk of heart disease across risk factors 

of smoking, poor diet,  physical inactivity and stress (Meyer  1980; Rogers  1996) and was 

described by Rogers (1996) as ‘…the most important single turning point in the rise of the 

health communication field’. Unfortunately however, change in exercise behaviour was not 

one of the outcomes measured. On the other hand, the Life – Be in it national physical activity 

project launched in Australia in 1977, appeared to have a significant impact on awareness and 

interest in exercise, but was found to have no discernible impact on behaviour (Sedgwick  

1980). 

A review by Marcus and colleagues (1998) identified seven mass media campaign evaluations 

that included physical activity from 1983 to 1997. That review found most of the campaigns 

that promoted physical activity promoted several behaviours related to reducing the risk of 

cardiovascular disease (six of the seven campaigns identified). This handful of studies showed 

mixed results in cognitive and behavioural impact. Recall of campaign messages was generally 

high (about 70%), however behavioural impacts were generally modest and short term (few 

studies reported positive findings two years after campaign initiation) (Marcus et al.  1998). 

Booth and colleagues (1992) and Owen and colleagues (1995) evaluated ‘Heart Week’, a week-

long fund-raising campaign for Heart Week conducted by the National Heart Foundation 

Australia in 1990, and then again in 1991. The health messages for these campaigns were 

“Exercise: make it part of your day” and “Exercise: take another step” respectively. In these 

week long campaigns, walking behaviour increased but not significantly (Owen et al.  1995) or 

only increased significantly in those aged fifty years or more and in less educated groups 

(Booth et al.  1992). Limited impact of these campaigns could be due to the short (one week) 

campaign duration, lack of a theory-base and formative testing of messages and the use of a 

media-only strategy. Importantly, these were designed primarily as fund-raising campaigns. 

Evaluation of a one year long campaign in Scotland included in the same review, again found 

no behavioural changes after the campaign, only changes in physical activity knowledge and 

beliefs (Wimbush et al.  1998). The Scottish campaign only used television advertisements and 
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a telephone hotline without the use of supporting media such as radio and print in addition to 

television. 

Cavill and Bauman (2004) comprehensively reviewed campaigns, with explicit focus on physical 

activity, published from 1970 to 2003. This review built on the Marcus et al. (1998) review 

supporting the finding that determining the individual benefits of physical activity in 

campaigns on multiple risk factors was difficult. Further, there was a lack of evidence regarding 

‘dose’ of media required for effective campaigns due to variation in the measures and the 

extent that media communications were integrated with other activities, as all the campaigns 

reviewed had some mention of links to community events but most had limited detail. Only 

five of the 15 studies reviewed by Cavill and Bauman (2004) reported use of formative 

research to inform campaign components however more studies assessed change in more 

‘proximal’ variables of knowledge and intentions than appeared to be the case in the Marcus 

(1998) review. Cavill and Bauman (2004) recommended more quasi-experimental evaluation 

designs and longer follow up periods, measuring pre-campaign awareness levels, more 

assessment and reporting of impact on proximal variables and longer-term funding is required 

for behavioural change.   

A more recent review by Finlay & Faulkner (2005) also found mixed results but an increasing 

number of studies reporting increased or meeting recommended levels of physical activity. For 

instance, following the release of the current physical activity recommendations a national 

mass media campaign was launched in England in 1995 (‘ACTIVE for LIFE’) to communicate and 

encourage the recommended level of physical activity. A Cohort study on this campaign by 

Hillsdon and colleagues (2001) reported no increased physical activity as a result of the 

campaign, and only slight increases in knowledge of the recommended behaviour (3% increase 

between media waves 1 and 2, and 3.7% increase between media waves 1 and 3). Another 

cohort study included in this review, by Bauman and colleagues (2001), evaluated the New 

South Wales (NSW) ‘Active Australia’ campaign by examining self-reported cognitive and 

behavioural impacts in the NSW sample and comparing these results with a cross sectional 

sample from the rest of Australia. Significant short term benefits were identified in knowledge 

and self-efficacy improved in the NSW cohort.  The odds of increasing physical activity were 

2.08 times higher in those aware of campaign compared with those not aware of the campaign 

and in the rest of Australia. These campaigns both used a social marketing approach. Another 

evaluation included in this review was the ‘Wheeling Walks’ campaign in West Virginia, where 

high levels of physical inactivity among those aged 55 to 64 years old, were reported in 1998. 

Consequently a mass media walking campaign (‘Wheeling Walks’) based on TPB and TTM and 

again using a social marketing approach was developed to encourage the sedentary to 
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increase their walking behaviour. The intervention group were 2.12 times more likely to 

achieve recommended levels of physical activity through walking and also showed a positive 

improvement in stages of behaviour change (Finlay & Faulkner  2005; Reger et al.  2002). The 

relative success of the two social marketing campaigns compared with most of the other 

campaigns reviewed here, may be due to the comprehensive approach of social marketing 

rather than using mass media alone. 

The most recent published review of mass media campaigns (Leavy et al.  2011) found that 

many of the issues raised by previous reviewers still existed. Namely, inconsistent measures of 

campaign dose were still being used, an even lower proportion of cohort/quasi-experimental 

evaluation designs was used than in the Cavill and Bauman review and inconsistent 

behavioural effects between studies. The recommendations coming out of this recent review 

included larger (sufficient) sample sizes, use of both self-reported and objectively measured 

physical activity and more campaign evaluation research in low and middle income countries 

(Leavy et al.  2011). 

There is growing evidence that mass media campaigns for physical activity are appropriate, 

and can be successful when it is part of a social marketing campaign, adequately incorporating 

all the social marketing principles (Donovan & Henley  2003). In addition, campaigns found to 

be successful in increasing physical activity behaviour combined health behaviour theory with 

social marketing principles (Marcus et al.  1992; Miles et al.  2001; Reger et al.  2002).  

Maintaining improved physical activity levels is a particular challenge faced by campaign 

planners (Marcus et al. 1998). It has previously been suggested that the reason for observing 

only short-term effects brought about by health promotion campaigns is that the 

environmental factors, that led to the sedentary behaviour in the first place, have not been 

adequately addressed (Sallis & Owen  1997). Thus, campaign efforts to encourage more 

walking and physical activity might be enhanced if greater consideration were given to broader 

factors associated with these activities. For example, the physical environment where people 

exercise requires consideration when developing an individually-focussed campaign. This 

reflects the fact that there are multiple influences on individual behaviour and is consistent 

with a social-ecological approach to understanding physical activity. This is considered in the 

next section. 
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2.3 ENVIRONMENT AND PHYSICAL ACTIVITY 

2.3.1 Social ecological theory 

Social ecological theory developed from human ecology and social ecology. Human ecology 

studies the influences of geographic and biological environments whereas social ecology is 

focussed on social and cultural environments (Sallis & Owen  1997). Social ecological theory 

posits that individuals are subject to a complex interaction of influencing factors, given that an 

individual functions within a larger social system. These factors include individual, social 

environmental, physical environmental and policy (Sallis et al.  2006). Early work on ecological 

analysis of behaviour in the psychology field posited an intra-personal influence of the 

environment on behaviour (Lewin  1936). However, psychologist B. F. Skinner argued in 1953 

that organisms respond directly to stimuli (cues and barriers) in their environment. While 

responses to these cues and barriers usually result in rewards and punishments from others or 

ourselves, and therefore reinforced by the social environment and individual factors, Skinner 

acknowledged that the physical environment is an independent variable that can control 

behaviour (Skinner  1953). In this way, his operant learning model provided reasoning to study 

built and other physical environmental barriers and cues, to behaviours such as physical 

activity. Subsequently, the notion of direct environmental effects on behaviour, was developed 

by (Barker  1968) from his observational studies on children, where the child’s behaviour 

setting was found to be more predictive of behaviour than individual characteristics of the 

child (Wicker  1979). Ecological models of behaviour became increasingly popular with physical 

activity researchers and promoters in the 1990s (Sallis  2009). This is because of recognition 

that individual factors alone do not explain individual physical activity behaviour, and 

furthermore, interventions using educational and cognitive-behavioural approaches were 

having only short-term effects (Dishman & Sallis  1994).  

 

2.3.2 Physical activity environments 

Physical activity is said to be a place-dependent human behaviour, more so than other 

behaviours (Sallis  2009).  Physical activity environments are environments where individuals 

are, or could potentially be, active (Sallis  2009). Most physical activities require a space for 

appropriate movement. This might include outdoor settings (e.g., streets, parks, ovals), indoor 

settings (e.g., recreation centres, shopping centres), or the use of specific equipment (e.g., 

treadmill, swimming pool, weights). While the physical environment refers to the whole space 

outside the individual (Sallis & Owen  1997) the built environment refers to buildings, spaces 
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and objects constructed by humans (Sallis  2009). The built environment can encourage 

engagement in physical activity (e.g., gymnasiums, staircases) as well as sedentary behaviours 

(e.g., elevators, cars) (Owen et al.  2000). Furthermore, the influence of the built environment 

on activity is context- and behaviour-specific (Giles-Corti et al.  2005b). As people behave 

differently in different settings (e.g., work versus home) the influence of the physical 

environment on activity is likely to depend on the setting. In addition, specific aspects of the 

physical environment will influence specific behavioural categories such as walking (for 

transportation or recreational purposes), moderate-intensity and vigorous-intensity physical 

activities (Giles-Corti et al.  2005b). For example, traffic exposure would be expected to be 

directly associated with walking behaviour, but not necessarily overall moderate or vigorous 

activity. Moreover, heavy traffic is likely to affect recreational walking more than transport 

walking because the individual can choose where they undertake the activity, such as a quiet 

street, whereas this may not be an option when they need to arrive at a particular destination.  

In terms of walking and cycling, interest has grown around the “New Urbanist” principles, 

thought to be associated with lower motor vehicle-dependency and more walking and cycling 

trips (Khattak & Rodriguez  2005), including higher population density, continuous sidewalks, 

mixed land uses, narrower streets and high street connectivity (Katz  1994; Khattak & 

Rodriguez  2005). “New urbanist” or “neo-traditional” developments incorporate pre-World 

War II planning principles and suburb designs, characterised by gridded street patterns and 

pedestrian-friendly neighbourhoods (Frank et al.  2003) in order to increase walking and 

cycling.  These design principles are focussed on creating pedestrian-friendly neighbourhoods 

where daily needs can be met. Given that walking has been the focus of recent physical activity 

mass media campaigns (Leavy et al.  2011) these design principles may be particularly relevant 

in an ecological approach to increasing physical activity overall.  

 

2.3.3 Review of environmental correlates of walking and physical activity 

This section reviews the environmental features most studied for their relationship with 

walking and physical activity, highlighting key issues identified in major reviews. The 

environmental features are described, including how they have been conceptualised and 

measured, and the associations with specific physical activity behaviours are summarised. 

Correlates of walking have been the key focus among studies because walking is popular, 

accessible by adults regardless of socio-economic status and physical function and also likely to 

be associated with environmental features of the community given it usually occurs on 

neighbourhood streets and public facilities (Lee & Moudon  2004; Morris & Hardman  1997; 
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Rosenberg et al.  2010; US Department of Health and Human Services  1996). Furthermore, 

some of the most studied environmental features in this research area are only relevant to 

transportation behaviour and reduced car use (i.e., travel mode choice). 

 

Density 

Density is an area-based environmental measure, obtained from self-report or derived from 

objective population-level or area-level data. Commonly used density measures are population 

density (number of people living in a given area) and residential or dwelling density (the 

number of housing units per area). Both have been associated with transport walking 

(Churchman  1999; Forsyth et al.  2007). The relationship between these two measures is 

based on household size. For example, in a predominantly single-person household area, the 

population density per hectare might be the same as the dwelling density; however an area of 

larger households would result in a higher population density than dwelling density for the 

same area.  

To improve accuracy, net density is most commonly used in the literature as it excludes non-

residential land uses such as water bodies and public open space from the calculation of 

density. Gross density on the other hand includes such features and is less commonly used. 

Early reviews identified a consistent negative association between low density or suburban 

sprawl and being active (Humpel et al.  2002; McCormack et al.  2004). Increased density, on 

the other hand, is consistently found to be correlated with walking generally, and more 

specifically predominantly walking for transportation purposes (Handy  2005; Saelens & Handy  

2008; Vojnovic  2006). This is likely to be because density and land use mix (or the presence of 

a range of local destinations) with active transportations (walking and cycling) are interrelated. 

In areas of higher density, there are more destinations to walk to (Transportation Research 

Board Institute of Medicine  2005). 

Density is therefore thought to influence activity in a range of ways. Higher residential and 

employment environments support more people and efficient use of shops and services.  This 

in turn increases proximity for local residents to local destinations, so that active travel to local 

destinations is both feasible and timely. The importance of the presence and location of local 

destinations for active travel is consistently demonstrated in transportation research (Badland 

& Schofield  2005). To date there has been a focus on commercial destinations, but schools, 

faith-based facilities and parks are also destinations used for regular active travel (Forsyth et 

al.  2008). 
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Higher residential densities may also contribute indirectly to activities such as local walking 

and cycling by creating a critical mass of pedestrians and cyclists, thereby shaping the social 

environment (e.g., people feeling encouraged by seeing others being physically active) and 

increasing perceived and actual personal safety to walk (e.g., more people circulating in 

neighbourhoods increases informal policing) (Forsyth et al.  2007).  

In addition, increased density and land use mix might contribute to the aesthetics of the 

environment (Saelens & Handy  2008). For instance, at least in the USA, density is used as a 

proxy for historical architecture, with interesting buildings and structures often present in 

denser areas (Forsyth et al.  2007). Mixed land use is thought to increase neighbourhood 

aesthetics by providing visual variety for pedestrians (Forsyth et al.  2008). However, 

contradictory to this assumption, in studies using self-reported environments, density tends to 

be more a measure of negative aesthetic qualities (perceiving one’s environment as 

unattractive, unlandscaped, causing parking problems) and the presence of strangers (Forsyth 

et al.  2007). Theoretically this would discourage walking.  

Density has also been used as a proxy for the social and economic characteristics of residents. 

For example, in some US cities, lower densities equate to higher-income home owners and 

higher densities with lower-income renters (Forsyth et al.  2007).  

Objectively measured and self-reported residential age of housing developments has been 

used as a proxy for density, and has also been shown to be associated with walking (Lee & 

Moudon  2004). For example, Berrigan and colleagues (2002) found that adults living in homes 

built before 1973 in the US walked more than those living in homes built post-1973. The use of 

this cut-point reflects sprawling development trends in the US, where residential suburbs were 

built away from industrial and commercial zones, reducing population density across 

developments. This was primarily due to post-World War II increases in disposable income and 

car-dependence (Badland & Schofield 2005).  

Some authors have suggested that residential density at the origin of trips does not play a key 

role in influencing walking or public transit mode choice (Ewing & Cervero  2001; Rodríguez & 

Joo  2004). For work-related trips, for example, one review of land-use travel relationships 

found that employment density (number of employees per unit land area) near destinations 

was more important for choosing to walk or use transit than residential density at the origins 

(Ewing & Cervero  2001). Thus, even if the residential density around the home is low, if the 

density around the trip destination is higher, there is a greater likelihood of choosing to walk 

or use transit. In this example, density acts as a proxy for the presence and absence of other 

urban attributes (e.g., destinations, traffic congestion, parking availability) that make using 
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transit or walking less, or more, desirable (Rodriguez & Joo 2004). For nearby destinations, the 

density at the origin would be the same as the density near the destination, depending on the 

scale at which density is measured.  

Another issue raised in the literature, is that increased density may influence specific types of 

walking, but not the amount of overall walking or physical activity (Forsyth et al.  2007).  

Consistent with several other studies (Saelens & Handy  2008), Forsyth and colleagues (2007) 

identified a positive association between several density measures and transport walking, a 

negative association between density and leisure walking, and no significant associations with 

overall walking. A recent review described an apparent paradox where inner-city US 

populations had higher rates of obesity and inactivity than suburban populations (Lopez & 

Hynes  2006). The authors suggested that those living in suburban environments may achieve 

more leisure-time physical activity, which contributed to their higher activity levels. In 

addition, if distances are short which is possible in pedestrian friendly neighbourhoods, the 

amount of overall physical activity accumulated through transport-related trips may be lower 

for inner-city residents. 

 

Land use mix or the diversity of destinations 

Perceived measures of mixed land use include simple field-based reports on whether a mix of 

destinations is present, ‘accessibility’ of destinations which is a measure that reflects the 

locations of land uses and characteristics of the transportation system and ‘convenience’ of 

destinations, usually referring to whether destinations are within walking distance of the home 

(King et al.  2003). To measure land use mix objectively, entropy and dissimilarity indices of 

overall mix of land uses are used and ‘accessibility’ of destinations is measured by proximity to 

or density of destinations (e. g., total employment or businesses, specific kinds of businesses 

and jobs) (Handy  2005).  

Reviews of walking behaviour have shown higher levels of total walking in areas with higher 

levels of access to, convenience of and presence of destinations (McCormack et al.  2004; 

Owen et al.  2004; Saelens & Handy  2008). Proximate walking and activity destinations, as well 

as shops and services, are also shown to be positively associated with the likelihood of 

participating in walking or moderate activity (Duncan et al.  2005; McCormack et al.  2004).  

Specific destinations appear important in encouraging specific activities. Both perceptions of 

(Vojnovic 2006) and objectively measured (Badland & Schofield 2005) distance to utilitarian 

destinations has been associated with non-motorised transport, and with walking for transport 
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specifically (Owen et al. 2004). One study objectively identified which of 11 different 

destinations were present within the neighbourhood and found that schools, shopping malls, 

bus stops, transit stations, convenience stores, newsagencies and post boxes were positively 

associated with transport walking (McCormack et al.  2008b).   

Perhaps counter-intuitively, access to Public Open Space (POS) specifically also appears to be 

associated with transport activity. One study found residents with high POS access were more 

likely to walk for transport (Giles-Corti & Donovan  2002b) and another found the size of parks 

was positively associated with transport cycling within the neighbourhood (Wendel-Vos et al.  

2004). This could be because walking or cycling through POS, such as parks, shortens distances 

to destinations, or because more attractive neighbourhoods encourage more active transport 

behaviours.  

Walking for recreation has been associated with convenient recreational facilities for walking, 

such as walking trails, and the coast (Owen et al.  2004). Proximity to specific recreational 

destinations of the beach or park is independently associated with local recreational walking 

(McCormack et al.  2004; Sugiyama et al.  2010). However a recent review of walking studies 

suggested that while land use mix and proximity to utilitarian destinations were consistent 

correlates of transport walking, proximity to recreational destinations may not be related to 

recreational or total walking (Saelens & Handy  2008). One explanation for this is that walking 

for recreation is a planned behaviour, where individuals choose the environment in which it 

takes place, and so they may drive to favoured facilities such as trails and large parks, rather 

than rely on what is local.  

Several reviews conclude that self-reported mix of land use or destinations is associated with 

overall physical activity. ‘Access to facilities’ (Badland & Schofield  2005; Humpel et al.  2002; 

McCormack et al.  2004; Trost et al.  2002) and ‘opportunities for activity’ (Humpel et al. 2002; 

McCormack et al. 2004) were positively associated with physical activity generally. 

Furthermore, the presence of destinations and access to facilities was related to undertaking 

sufficient physical activity for health (Lee & Moudon  2004).  

The quality of destinations, particularly public open space, is emerging as an important 

contributor to overall activity (Trost et al. 2002). For example, ‘satisfaction with recreational 

facilities’ was positively associated with an activity index combining self-reported moderate 

and vigorous activity (MacDougall et al.  1997). Qualitative research has also supported this, 

finding that self-reported quality of destinations, is related to the usage of destinations (Lee & 

Moudon 2004). 
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Proximity and convenience of recreational facilities have also been found to be a consistent 

correlate of vigorous activities and sport (Wendel-Vos et al.  2007). For example, self-reported 

proximity to activity facilities (De Bourdeaudhuij et al.  2003), objectively measured coastal 

location (Bauman et al.  1999) and the density of ‘pay’ recreational facilities near the home 

(Sallis et al.  1990) were significant positive correlates of vigorous physical activity.  

However, there are inconsistent findings. For example Rutt & Coleman (2005) found that 

among a sample of mainly low- to medium-income Hispanics in Texas, time spent in vigorous 

physical activity was predicted by increased distance to recreational facilities. Moreover, 

among a sample of Western Australian adults, McCormack and colleagues (2008) found no 

association between proximity or mix of recreational destinations and vigorous physical 

activity. Some authors have found that people who use formal recreational facilities to engage 

in vigorous PA are willing to travel further to do so (Giles-Corti & Donovan  2002a). 

‘Convenience’ of recreational facilities, such as having a facility on a frequently used route, 

may be more important than proximity (Sallis et al.  1990). Socio-economic factors could also 

explain some of the inconsistencies observed. For example, the Western Australian study also 

found that people residing in lower SES areas were significantly less likely to participate in 

vigorous physical activity, despite having access to facilities  (Giles-Corti & Donovan  2002b). 

 

 Street pattern and connectivity 

Several reviews have found that connectivity of routes and street networks are correlated with 

walking (Badland & Schofiels 2005; Lee & Moudon 2004; McCormack et al. 2004; Vojnovic 

2006) and active travel (Wendel-Vos et al. 2007). Street pattern refers to how streets and 

blocks are designed whereas connectivity is the directness or ease of travel between two 

points via streets and/or sidewalks (Forsyth et al.  2008). These concepts are closely related as 

a gridded street pattern with small blocks usually means greater connectivity (Saelens et al.  

2003b). Measures of connectivity include the number of 3-way or more intersections and block 

lengths. 

In a recent walking review, connectivity was found to be more equivocal in relation to 

transport walking, with equal numbers of studies published between May 2005 and May 2006 

finding null, as found expected associations (Saelens & Handy 2008). However as several 

reviews have shown associations between active travel (including transport walking) and 

composite measures of walkability (Owen et al. 2004; Sallis et al. 2004), connectivity appears 

mainly associated with transport walking as part of a collection of environmental attributes 

that reduce travel time (e.g., density and land use mix). 
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In studies that test associations between walking for recreation and connectivity, consistently 

null results have been found. Theoretically, connectivity could influence recreational walking 

and cycling by increasing the number of routes one could take, thus allowing variety of 

surrounding views. On the other hand, as recreational activity may purposely be a longer walk 

or cycling trip, shortening distances to destinations may not be as desirable as it is for 

utilitarian behaviour such as transport activity. 

There are methodological issues to consider when measuring connectivity. For example, a 

pedestrian network was developed by Chin and colleagues (2008) to account for pedestrian 

options to reduce trip time by using walkways and public open space, instead of following the 

street network. Connectivity increased largely and significantly when the pedestrian network 

was used (Chin et al. 2008). This may account for some of the null findings for associations 

between walking and ‘connectivity’ in the literature if street connectivity is not appropriate to 

reflect how well pedestrians can traverse their area. 

 

Walkability 

Measuring ‘walkability’ was introduced by Frank and colleagues (2005) to resolve some of the 

issues caused by the interaction between urban design elements. For example, areas with high 

residential density frequently have a mix of land uses and highly connected street patterns 

(Frank et al. 2005). As such, a walkability index was developed that incorporated all three 

measures of urban form selected because of empirical evidence of their association with travel 

mode choice (Frank et al 2005; Saelens et al. 2003). The walkability index is correlated with 

transport-related physical activity behaviour, particularly transport walking. The components 

of composite walkability indices have been measured using self-report and objective audit and 

GIS methods, and have also included other components such as presence of walking 

infrastructure (Michael & Carlson  2009) and retail floor ratio (Frank et al.  2006), which is a 

ratio of retail building floor area to the total retail area indicating whether there is substantial 

car park space  (Leslie et al.  2007). 

A number of reviews have identified that walkability is associated with total (moderate and 

vigorous) physical activity (Badland & Schofield 2005), transport activity (Badland & Schofield 

2005; Sallis et al. 2004) and overall walking (Wendel-Vos et al. 2007; Saelens & Handy 2008). 

However, one review identified that the differences in overall walking between residents of 

high and low walkable neighbourhoods were more attributable to transport walking than 

recreational walking (Sallis et al. 2004). Reviews that have assessed the literature on walking 
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for transport specifically, have consistently found overall walkability a positive correlate 

(Saelens et al. 2003; Sallis et al. 2004; Owen et al. 2004).  

While walkability as defined by Frank and colleagues (2005) appears not to be related to 

recreational walking specifically (Owen et al. 2004; Sallis et al. 2004), there may be an 

association when the components of the aggregate measure include environmental features 

that encourage recreational walking. For example, Christian and colleagues (2011) developed a 

recreational walkability index where the land use component included recreational land uses 

of public open space and sporting infrastructure.  

 

Walking and cycling surfaces 

A walking surface refers to the presence, continuity, type and quality of sidewalks. These may 

serve as a cue for walking and cycling, as well as aid the activity itself by providing a surface 

that makes walking or cycling easier to perform for a range of user groups (e.g., parents with 

prams, older adults, children). The presence of sidewalks has been associated with reduced 

perceived distance to destinations i.e., ‘within walking distance of the home’ when the GIS 

distance was more than half a mile away (Abildso et al.  2007). Sidewalks also add safety to 

walking, protecting pedestrians from traffic, and also personal injury due to tripping (Vojnovic  

2006). One Californian study of 1587 traffic offenders reported many respondents were 

unaware of pedestrians’ rights when sidewalks were absent, suggesting sidewalks could add 

safety by alerting motorists of pedestrians’ right of way (Sarkar et al.  2004). Some reviews 

group usability or safety of sidewalks with other types of safety measures (e.g., crime or traffic 

safety) (Humpel et al.  2002).   

Early reviews consistently associated sidewalks with physical activity (Duncan et al. 2005; 

Humpel et al. 2002). Reviews of walking behaviour have also concluded that sidewalks are 

associated with walking patterns (McCormack et al. 2004; Owen et al. 2004; Wendel-Vos et al. 

2007). Similarly, reviews from the transportation field have found that presence of walking and 

cycling infrastructure is associated with walking and cycling for transport (Saelens et al. 2003; 

Vojnovic 2006). However, there are inconsistencies in the literature. A review by Owen and 

colleagues (2004) found the presence of sidewalks was a significant correlate of transport 

walking as well as overall walking, but not recreational walking. In contrast to this, a more 

recent walking review, where almost half the studies used objective environmental data found 

that presence of pedestrian infrastructure was more consistently associated with recreational 

walking (Saelens & Handy  2008). This may be because the later review included more studies 
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that separately measured walking for recreation. No intervention studies were identified 

(where sidewalks were changed and change in behaviour was assessed). 

 

Traffic 

Reviews of the literature on traffic volume have shown different associations with walking 

behaviours and total physical activity. Heavy traffic was found to be positively associated with 

transport walking in two reviews (McCormack et al.  2004; Owen et al.  2004). An explanation 

for this given most of the studies are cross-sectional might be that those who walk for 

transport are aware of local traffic conditions. A later walking review found some evidence of a 

positive association between traffic and overall walking (Saelens & Handy  2008). Little 

evidence of an association between traffic and recreational walking was found in any reviews 

(Owen et al.  2004; Saelens & Handy  2008).   

Unlike for walking, heavy traffic appears to be a barrier to total physical activity (Casagrande et 

al.  2009; Duncan et al.  2005; McCormack et al.  2004). For example, not having heavy traffic 

present was positively associated with meeting physical activity recommendations in a meta-

analysis of 16 studies (Duncan et al.  2005). Similarly, a review on African American adults 

reported that light traffic was more often positively associated with total physical activity 

(Casagrande et al.  2009).  

Cycling has received less attention than walking in the literature, but traffic safety and 

infrastructure are emerging as important environmental determinants. A recent review 

(Pucher et al.  2010) found that widespread automobile speed limits in Germany led to 

increased cycling (Bauman et al.  2008b) and there was some evidence that implementation of 

car-free zones (Topp & Pharoah  1994) and traffic controlling devices (Clarke & Dornfeld  1994; 

Herrstedt  1992) increased the number of cyclists in those areas. Cycling infrastructure is also 

related to safety as it can increase perceived and actual safety by separating cyclists from 

motor vehicles as well as reduce travel time for cyclists (Pucher et al.  2010). Some studies 

have found that infrastructure is associated with cycling such as proximity of bike lanes or 

paths (Krizek & Johnson  2006; Moudon et al.  2005) and bike lane connectivity (Titze et al.  

2008). However, a review found that numerous studies have found no such association 

(Pucher et al.  2010). This may be because the vast majority of studies reviewed were 

European, and the high cost of car ownership and use means people cycle regardless of the 

infrastructure. 
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Safety 

In general, reviews have consistently found no association between personal safety and total 

physical activity. Daytime perceived safety (Humpel et al. 2002), perceived rates of crime 

(Duncan et al. 2005), presence of street lighting (Duncan et al. 2005; Humpel et al. 2002; Trost 

et al. 2002) and unattended dogs (Duncan et al. 2005; Humpel et al. 2002; Trost et al. 2002) 

were not associated with total physical activity. This is because physical activity can take place 

in a variety of settings. On the other hand, reviews have found perceived safety (Lee & 

Moudon 2004; Vojnovic 2006) and lighting (Vojnovic 2006) were related to walking and cycling 

for transport, which is done on the streets. Similarly, a positive association between safety and 

transport walking was reported by Owen and colleagues (2004), but this was based on a very 

limited number of studies. A later walking review, found this association to be equivocal (i.e. 

the number of studies finding positive and no associations were equal) (Saelens & Handy 

2008). This later review also found some evidence of a positive association between perceived 

safety and recreational walking which was not supported in previous reviews (Owen et al. 

2004). Again, the increased use of a separate recreational walking measure may have led to 

the new finding of an association between safety and recreational walking.  

 

Aesthetics 

Aesthetics refer to the visual appeal of the environment. For pedestrians, the slow pace of 

movement through the environment means more time to process the richness of aesthetic 

features (Vojnovic  2006). Reviews have generally concluded that aesthetics are positively 

associated with walking for recreation (Owen et al.  2004; Saelens & Handy  2008), overall 

walking (Handy  2005; McCormack et al.  2004; Saelens & Handy  2008), active transport 

(Badland & Schofield  2005) and total physical activity (Humpel et al.  2002; Lee & Moudon  

2004; McCormack et al.  2004; Trost et al.  2002). However, two reviews found no consistent 

relationship between aesthetics and physical activity (Heath et al.  2006; Wendel-Vos et al.  

2007).  

Objective measures have included audits of streetscapes (e.g., number and height of verge 

trees, cleanliness of front gardens and verge and cleanliness) and neighbourhood views (e.g., 

mix of views such as urban houses, commercial buildings and nature, and variation in the 

architecture) and have been associated with walking for recreation in the neighbourhood 

(McCormack et al.  2004). Self-reported measures have included survey items on perceptions 

of pleasant or attractive local areas and enjoyable neighbourhood scenery and have generally 
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had more consistent positive associations with walking and total physical activity than 

objective (McCormack et al.  2004; Saelens & Handy  2008). 

 

Specific measures 

The evidence suggests that the same environmental feature can have different effects on 

different physical activities. Thus, there have been calls for measuring specific environmental 

attributes and testing the association with specific physical activities (Giles-Corti et al.  2005b; 

Humpel et al.  2002). Many of the null associations between built environmental features and 

total physical activity in the literature could be the result of one activity being positively 

associated but another being negatively or not associated. More recently, walking-specific 

studies have increased and walking for recreation and transport are now being measured 

separately (Saelens & Handy  2008). 

 

Self-reported environment 

There are a number of methodological issues in studies of the environment. Those who are 

active in their neighbourhood are likely to know more about the environmental features 

present and herein lies one of the issues of relying on self-reported environments (McCormack 

et al.  2004). Associations that are found could indicate that those who walk in their 

neighbourhood know what is there rather than features of the neighbourhood encouraging 

walking. Several reviews have recommended using objective measures of the built 

environment, validated by self-reported measures (Cunningham & Michael  2004; Owen et al.  

2004; Saelens & Handy  2008; Saelens et al.  2003c). 

 

Self-selection and study design 

Given that most of the research to date on the relationship between the built environment 

and physical activities is cross-sectional, it is difficult to conclude any causal effects, and the 

issue of self-selection has been heavily discussed but rarely assessed (McCormack & Shiell  

2011). For example, the association between cycling infrastructure and cycling may not mean 

that cycling infrastructure per se encourages cycling, but that due to high traffic congestion, 

people choose to cycle instead of drive and that the infrastructure is therefore designed to 

support cycling (Pucher et al.  2010). Similarly, the explanation frequently volunteered for the 

apparent counter-intuitive positive association between traffic and transport and total walking 

is that those who exercise are more aware of traffic conditions. However, in more walkable 
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areas there is also more likely to be motor vehicles accessing the same destinations as 

pedestrians.  

 

2.4 CONCEPTUAL MODEL 

The conceptual model presented in Figure 2.1 depicts the proposed pathway through which 

physical activity behaviours are influenced by a campaign and the proposed moderating effects 

of the built environment that this thesis will examine. The model is based on an ecological 

model of physical activity behaviour, positing that the effects of the campaign on both 

cognitive and behavioural outcomes are influenced by individual factors, social environmental 

factors and built environmental factors. The model is informed by McGuire’s hierarchy of 

effects model in that cognitive impacts are expected to precede behaviour, but also seeks to 

test if there is moderation of an effect on behaviour that is not mediated by cognitive factors. 

Based on findings and recommendations from the literature on environmental correlates of 

physical activity and walking, objective measures of walkability and destinations mix are the 

key focus for the moderation analysis, with perceived environmental variables also examined. 

The model considers moderation of three relationships: campaign impact on cognitions, 

campaign impact on behaviours and the relationship between cognitions and behaviours. 

Moreover, it highlights that there may be different moderating effects by different potential 

moderators on different campaign effects.  
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Figure 2.1 Conceptual model of the pathway through which physical activity behaviour 

and intermediary factors are influenced by a campaign and the potential 

moderating effects of the built environment 

 

2.5 CONCLUSION 

Physical activity is a global public health issue; however strategies to increase levels of activity 

are showing promise. Mass media campaigns can be used as part of a multi-level strategy to 

increasing behaviour, by reaching large numbers of people to raise awareness and change 

social norms. However, the effectiveness of campaigns to lead to behaviour could be affected 

by how supportive one’s environment is for activity and this needs to be evaluated. One way 

of evaluating this is to examine environmental features for moderation of campaign effects. 

Moderation (or effect modification) describes the scenario that an established effect is not 

uniform across different levels of another factor (Baron & Kenny  1986). Moderation answers 

the questions of ‘when’ and ‘for whom’ a variable predicts or causes the outcome (Frazier et 

al.  2004). This study was designed to contribute empirical evidence of whether the 

environment is a moderator of mass media campaign effects, incorporating lessons learnt 

from the field of research on the impact of the built environment on physical activity 

behaviour. The chapter which follows reviews the evidence of moderation of walking and 

physical activity interventions to date. 
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Chapter 3 

 

Review of the Literature on Whether the Built Environment 

Moderates the Impact of Physical Activity Interventions 

 

3.1 INTRODUCTION 

The previous chapter provided the rationale for investigating physical activity mass media 

campaigns and suggested it is plausible that the effect of these campaigns may be moderated 

by the local built environment. Very few mass media campaign studies have examined this 

question. This chapter reviews the existing body of knowledge on the built environment as a 

moderator of the effects of interventions designed to increase individuals’ physical activity.  

Moderation (or effect modification) describes the scenario that an established effect is not 

uniform across different levels of another factor (Baron & Kenny  1986). Effects across 

different levels of the moderator may vary and may be different to the overall effect (Bauman 

et al.  2002). The effect could be enhancing, where the effects of the predictor and moderator 

on the outcome variable are in the same direction causing a synergistic effect, ‘buffering’ 

where the moderator weakens the established relationship or antagonistic, where the 

predictor and moderator have a similar effect but in opposite directions (Frazier et al.  2004). A 

moderator is therefore a third variable which alters the strength or direction of a causal 

relationship between a predictor variable and a dependent variable (Baron & Kenny  1986; 

Frazier et al.  2004; Holmbeck  1997). Moderators are important for campaign research 

because if not accounted for when targeting an audience, the wrong approach may be used 

and the intervention ineffective as a result.   

There are different approaches to studying moderation. The formal test for moderation is to 

include an interaction term between intervention effect and the environment in an overall 

model investigating the effect of the intervention on outcomes. The data may also be stratified 

by the environment and the effect of the intervention on the outcomes re-examined and 

compared across the strata. A significant interaction term in the overall model would indicate 

that the campaign effects in each of the strata (in the stratified models) are statistically 

significantly different. This review also considered evidence from related research. This 

included studies investigating if associations between the environment and physical activity 

were moderated by the effect of an intervention, where an interaction term between 
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intervention effect and environmental features was included in a model predicting physical 

activity. As a significant interaction here would indicate that the effect of the intervention was 

moderated by the environment, these studies were also considered despite addressing a 

different research question. Intervention studies were also considered if a change variable was 

created for their outcome and tested for significant associations with environmental variables. 

Finally, while not testing ‘moderation of intervention effects’ per se, studies that tested 

associations between the environment and intervention outcomes at a post-intervention time 

point were considered as they indicate a possible contribution to maintenance of campaign 

effects.  

To identify relevant studies an initial search was conducted in Medline, Web of science and 

Google Scholar using keywords of mass media (or mass media campaign or social marketing or 

intervention) AND physical activity (or activity or active transport or walking) AND moderation 

(or effect modification or associations) AND built environment (or environment or 

neighbourhood environment or walkability). Further studies were identified by referral in the 

studies that were identified through the search. Twelve published studies were identified that 

considered how the environment affects the impact of interventions for walking (Brownson et 

al.  2005; Gebel et al.  2011; Merom et al.  2009; Michael & Carlson  2009; Robertson et al.  

2012; Wray et al.  2005; Zenk et al.  2009), physical activity (King et al.  2006a; Merom et al.  

2003; Sallis et al.  2007) and healthy lifestyle (Kerr et al.  2010; King et al.  2006b). However, 

only two of these were mass media campaigns (Gebel et al.  2011; Wray et al.  2005). Studies 

identified were primarily US-based but included two Australian studies (Merom et al.  2009; 

Merom et al.  2003) and one Scottish study (Robertson et al.  2012). The characteristics of 

these studies are summarised at the end of this chapter in Table 2.1. This chapter critically 

reviews the approaches taken to testing for environmental moderation and provides 

explanations for findings to date. 

 

3.2 WALKABILITY 

Five studies reviewed tested an interaction term between intervention group and walkability 

(Kerr et al.  2010; Merom et al.  2009; Michael & Carlson  2009; Sallis et al.  2007; Zenk et al.  

2009) but only one found a significant interaction. Kerr and colleagues (2010) used two web-

based intervention studies, one in men and another in women, to examine whether any 

moderation occurred by GIS-measured walkability. Contrary to expectations, they found that 

among overweight men who received the lifestyle intervention, overall walking increased 

significantly in those living in low rather than high walkable, neighbourhoods. The female 
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intervention study showed effects in the same direction but the interaction term did not reach 

statistical significance. The authors suggested that one explanation for the findings was a 

possible ceiling effect because all groups – particularly the intervention group – walked more 

in the high versus low walkable neighbourhoods at baseline. On the other hand, after the 

intervention, those who were not already walking at baseline learned ways to overcome 

environmental barriers if they were in the intervention group. An additional explanation might 

be that for those with environmental impediments, individually focussed interventions 

motivate those already predisposed to be active, to overcome environmental barriers.  

Less traditional measures of walkability that combined several environmental perceptions such 

as aesthetics, safety, presence of sidewalks and access to destinations (Brownson et al.  2005; 

Gebel et al.  2011; Merom et al.  2009; Sallis et al.  2007; Wray et al.  2005), also showed some 

evidence of moderation. Two studies found evidence of moderation by a composite 

environmental measure using stratified models. Gebel and colleagues (2011) found that 

‘aesthetics and facilities’ moderated the campaign effect on walking. This factor included 

aesthetics, the presence of benches, street connectivity and observing other walkers. Similarly, 

Brownson and colleagues (2005) identified a linear relationship between campaign dose and 

meeting recommendations for walking in those with access to a supportive physical 

environment. This was not observed in the lower access group. In this study, the access 

measure included access to destinations, presence of sidewalks, overall rating of the 

community for walking and presence of shoulders on the street (Brownson et al.  2005). In 

addition, Wray and colleagues (2005) found that the ‘walking environment’ (which included 

measures of aesthetics, safety and places to be active) was significantly associated with 

physical activity beliefs post-campaign.  

There may be several reasons why findings were not consistent across studies. Only two 

studies used a traditional walkability index i.e., one that included objectively measured 

environmental components of density, street connectivity and land use mix (Kerr et al.  2010; 

Zenk et al.  2009), found to be correlated with each other and consistently associated with 

walking (Frank et al.  2005; Saelens & Handy  2008). In addition, walkability indices to date are 

more consistently associated with transport walking than leisure or overall walking (Saelens & 

Handy  2008). No study used separate measures for transport and recreational walking in their 

moderation analyses. Furthermore, interventions typically emphasised leisure walking more so 

than transport walking and this may explain why no effect was found for walkability, as 

suggested by Zenk and colleagues (2009). In addition, several studies used a limited number 

environmental items that were not necessarily correlated. As suggested by Merom et al. 
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(2009) indices comprising a limited number of items, result in low internal consistency of 

walkability components, and may explain why interactions were not identified. 

 

3.3 SAFETY 

Of the five studies that included an interaction term between intervention group and safety 

(Kerr et al.  2010; King et al.  2006b; Merom et al.  2009; Sallis et al.  2007; Zenk et al.  2009) 

only one found a significant result and none were investigating a mass media campaign. King 

and colleagues (2006b) studied five intervention sites, and in all three that were tested for 

moderation in the areas of Stanford, Oregon and Atlanta, a significant positive interaction 

between intervention group membership and perceived safety was identified. Both perceived 

traffic safety (Stanford, Oregon and Atlanta) and crime-related or general personal safety 

(Oregon only), were positive moderators of change in moderate to vigorous physical activity 

(King et al.  2006b).  

Other evidence is more consistent across studies. While an interaction term was not found to 

be significant, indicators of perceived personal safety were positively associated with change in 

physical activity intervention outcomes in two studies including perceived safety for walking at 

night and the presence of street lighting  (Merom et al.  2009), safety from crime and absence 

of unattended dogs among women only and frequently seeing people walking or exercising 

among men only (Sallis et al.  2007). In another study, the group reporting frequently seeing 

people walking or exercising in the neighbourhood and higher self-efficacy had significantly 

greater 24 month success rate for achieving sufficient levels of physical activity in the 

counselling intervention arm than in the less intensive intervention arms (King et al.  2006a). 

Findings were similar for the group reporting seeing people walking or exercising, lower self-

efficacy and difficulty enlisting social support for physical activity (King et al.  2006a). One 

study found some evidence that perceptions of safety mediated the association between the 

intervention and walking where an increase in perceived neighbourhood problems from 

baseline to 6-months significantly suppressed the intervention effect (brisk walking) at 6-

months. Only two studies found a negative association between perceived traffic safety and 

behavioural response, however, unlike others that used self-reported behaviour, these used 

pedometer steps to measure walking outcomes (Merom et al.  2009; Robertson et al.  2012). 

Despite most of the interactions between intervention group and safety not reaching 

significance, the collection of other consistent evidence that perceived safety is positively 

associated with intervention effects highlights safety as a potential moderator to be further 

investigated.  
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3.4 ACCESS TO DESTINATIONS AND PHYSICAL ACTIVITY FACILITIES 

Little evidence was found to suggest that destinations or facilities moderated intervention 

effects. Five studies here specifically examined this question. No study reviewed identified a 

significant interaction between the effect of the intervention group and access to destinations 

or physical activity facilities (Kerr et al.  2010; King et al.  2006b; Merom et al.  2009; Sallis et al.  

2007; Zenk et al.  2009). However, three of the seven studies that examined the relationship 

between access to facilities and intervention adherence (Gebel et al.  2011; King et al.  2006a; 

Merom et al.  2009; Merom et al.  2003; Robertson et al.  2012; Sallis et al.  2007; Zenk et al.  

2009), found a significant effect. Zenk and colleagues (2009) found that objectively measured 

proximity to one or two ‘walking facilities’ (recreation centres and shopping malls) was 

associated with meeting the walking target, in a sample of mid-life African American women in 

Chicago. This finding was somewhat supported by another study that investigated a campaign 

to promote use of a newly constructed rail trail for walking and cycling in Western Sydney, 

Australia using local media. Proximity to the rail trail was significantly associated with both 

awareness of the trail (cyclists within 1.5 kilometres were three times more aware than cyclists 

between 1.5 and 5 kilometres of the trail) and time spent cycling (cyclists within 1.5 kilometres 

increased cycling by 11.9 minutes whereas those between 1.5 and 5 kilometres significantly 

decreased cycling by 14.3 minutes) (Merom et al.  2003).  

Notably, both studies that found a association investigated an intervention that was linked in 

some way to the specific environmental measure studied. For example, in the Zenk et al. 

(2009) study women were encouraged to use the walking facilities to help reach their goals 

and the study by Merom et al. (2003) evaluated a media campaign that promoted use of a 

specific rail trail. This level of specificity may be important to capture relationships between 

intervention effects and the environmental measure.  

An unexpected inverse association between access to green space and recreational facilities 

and pedometer steps at 12 months post-intervention was found by Robertson and colleagues 

(2012). The authors speculated that safety concerns with regard to parks may have accounted 

for these results, as the sample were mostly women in deprived areas. Access to sidewalks, 

however, was not significantly associated with intervention outcomes in three studies (Gebel 

et al.  2009; King et al.  2006a; Robertson et al.  2012; Sallis et al.  2007). One study found a 

significant positive association between ‘access to destinations’ or land use mix and 

intervention outcomes (at 6 months post-intervention) (Robertson et al.  2012), however two 

others found no association (Merom et al.  2009; Sallis et al.  2007).  
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3.5 AESTHETICS 

Some evidence that aesthetics might negatively moderate the effect of walking interventions 

has been found. Only one study identified a significant interaction between the effect of the 

intervention group and aesthetics. Merom and colleagues (2009) found that in an Australian 

setting, among those reporting low neighbourhood aesthetics, the intervention group 

significantly increased their overall walking, whereas there was no change in the control group 

and no differences were observed among those reporting high neighbourhood aesthetics. 

After adjustment, the finding was only significant for the more intensive intervention which 

included pedometers. This suggests that the enhanced pedometer intervention may have 

helped overcome the barrier of low neighbourhood aesthetics (Merom et al.  2009). Other 

evidence did not support this negative moderating effect, as four studies found no significant 

interaction (Kerr et al.  2010; King et al.  2006b; Sallis et al.  2007; Zenk et al.  2009) and four 

did not find significant associations between aesthetics and intervention outcomes (King et al.  

2006a; Robertson et al.  2012; Sallis et al.  2007; Zenk et al.  2009). The presence of hills have 

been hypothesised to contribute to aesthetics because they allow for views from various 

vantage points (Lee & Moudon  2004). This presence has been positively associated with 

leisure time activity (Lee & Moudon  2004; McCormack et al.  2004) and negatively associated 

with transport activity (McCormack et al. 2004). Nevertheless, no study found a significant 

interaction term between hills and intervention group (Kerr et al.  2010; Merom et al.  2009; 

Sallis et al.  2007), however, the study by Merom and colleagues (2009) found that women 

who perceived their streets to be hilly took more steps, suggesting aesthetics may have 

positively influenced intervention effects on walking. On the other hand, the enhanced 

pedometer intervention may have been effective in overcoming barriers of uninteresting 

scenery and hilliness. Notably, the intervention highlighted the benefits of hills for energy 

expenditure and tips to overcome environmental barriers (Merom et al. 2009).  

 

3.6 SUMMARY AND RECOMMENDATIONS 

In summary, while there is an increasing number of physical activity-related mass media 

campaigns (Leavy et al. 2011), rarely have their impacts been examined for moderation by the 

environment, despite the demonstrated associations between the built environment and 

physical activity. Indeed, only two studies identified, involved a mass media campaign and 

considered the moderating effects of self-reported environment. Moreover, no published 

study to date appears to have tested a mass media physical activity campaign for moderation 

by objectively measured neighbourhood environment. It is therefore too early to conclude 
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what, if any, specific features of the environment moderate campaign effects. Nonetheless, in 

terms of features of the environment most likely to moderate community interventions (that 

do not include a mass media component), there appears to be some evidence that objectively 

measured walkability and micro design features such as perceived neighbourhood safety and 

aesthetics have a moderating influence. However, given the paucity of published studies to 

date, more evidence is needed. 

Several intervention studies found no significant interaction between the environment and 

intervention on behaviour and there were inconsistencies in the direction of relationships 

between the environment and behavioural effects. Inconsistencies in the study designs, 

measures and interventions may explain the results to date. For example, these may be partly 

due to the use of potentially inadequate environmental measures. Objective measures of 

environments are regularly recommended, in combination with self-reported data, particularly 

for walkability components of density, connectivity and land use mix (Cunningham & Michael  

2004; Owen et al.  2004; Saelens & Handy  2008; Saelens et al.  2003c). It is reasonable to 

expect that these measures are also required to adequately detect moderating effects of the 

environment on the impacts of campaigns aiming to increase physical activities. Some 

literature suggests that environment perceptions are more relevant to participation in physical 

activities than objectively measured, such as perceptions about neighbourhood safety (Heath 

et al.  2006; McCormack et al.  2004).  This may be why evidence of moderation is observed by 

self-reported safety (King et al.  2006b) and aesthetics (Merom et al.  2009).  

The way walking behaviours are measured also may be a contributing factor. There has been a 

call for separately measuring walking for transportation and recreational purposes (Owen et al.  

2004) but most of the studies included in the current review used only overall measures. 

Future studies on environmental moderation could be strengthened by taking these factors 

into consideration.  

To date only two studies have considered how the environment might influence cognitive 

intervention impacts (Merom et al.  2003; Wray et al.  2005) and no studies have formally 

tested for moderation of cognitive impacts. This omission in physical activity intervention 

research has been criticised in the literature (Baranowski et al.  1998). With a better 

understanding of the hierarchy of campaign effects (e.g., from awareness through to 

understanding, acceptance, motivation to act and acting on the campaign message) and what 

stages are affected by the built environment, it may be possible to plan more systematic and 

cost-effective interventions.  



 

34 
 

Mass media campaigns have the potential to reach large communities. The question of 

whether the environment moderates their impact remains unanswered and there is a case for 

this to be more fully explored. This thesis seeks to advance the field by examining three new 

mass media campaigns: a Western Australian physical activity campaign study as well as two 

ancillary US walking studies. As theoretical models demonstrate that there are intermediary 

stages to increasing physical activity behaviour, such as awareness of a motivational campaign 

or forming an intention to be regularly active, this thesis will also provide insights as to 

whether the environment affects these stages. Furthermore, the Western Australian study 

used well established objective measures of the built environment, in addition to some 

perceptions, and included a separate transport walking measure. Together these may 

overcome some the limitations identified to date in that field. 
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    Table 3.1 Characteristics of studies that have examined intervention effects for moderation by the built environment 

Study reference Intervention and techniques Sample and 
setting 

Study design Environmental moderator 
measures  

Outcome 
measures 

Evidence of moderation 

1) Merom et al. 
2003 

 

Construction of Rail Trail in Western 

Sydney. Local press advertisements 

including map of the trail, local radio. 

Comprehensive full-colour brochure 

with information and map distributed 

through local organisations, factories, 

high schools and motor registries. 

Localised activities: launch event, on 

site promotion. 

Adults 18-55 
years Within 
5 kilometres 
of a new trail 
in Western 
Sydney, 
NSW, 
Australia 
(n=450) 

Prospective 
pre- and 
post- 
intervention 
telephone 
surveys. No 
control 
group. 

Objective: proximity to 
newly constructed Rail Trail 

Change in 
walking and 
cycling time, 
trail usage, 
bike counts 
using 
monitors 
placed along 
the trail 

No interaction term tested. 
Inner cyclists increased 
mean cycling time while 
outer cyclists decreased 
cycling time. 

2) Brownson  et 
al. 2005 

 

Ozark Heart Health Project (to 

promote walking) (2003-2004). Three 

levels of intervention: Individual (eg. 

newsletters). Interpersonal (eg. 

patient-health care provider & 

community support) Community 

(WOW – Walk the Ozarks to Wellness) 

(eg. fun walks). 

Adults 18+ 
years from 
USA rural 
communities 
(n=1531) 

Quasi-
experimental; 
Intervention 
& comparison 
communities  

Perceived: access to 
destinations, sidewalks and 
shoulders on the street 

Change in 
mins and 
meeting 
guidelines 
for walking 
and 
moderate 
physical 
activity 

No interaction term tested. 
When stratified by ‘access to 
physical environment’, 
evidence of a linear trend 
(by level of intervention) in 
increased proportions of 
walking for ‘high’ access 
group; effect stronger in 
men than in women. 

3) Wray et al. 
2005 

 

Walk Missouri Mass media campaign 

over 5 months (2003) including 

billboards, newspaper, radio and 

posters. Press conference for 

campaign launch. 

Adults 18+ 
years 
Residents 
living within 
the town of 
St Joseph, 
Missouri 
(n=297) 

Post 
campaign 
only cross-
sectional 
design. No 
control group 

Perceived: many places to 
walk within easy walking 
distance, good sidewalks on 
most streets, interesting 
things to look at , feel safe 
walking around 
neighbourhood, 
neighbourhood pleasant   

Post-
campaign 
beliefs about 
physical 
activity, & 
days & 
duration 
walked;  

No interaction term tested. 
Perceptions of the walking 
environment significantly 
associated with beliefs post-
campaign.  

4) King, Marcus 
et al. 2006 

 

Activity Counseling Trial (targeted 

inactive adults from eight primary care 

settings). Three intervention arms: (1) 

Inactive 

adults (35-75 

years) who 

RCT, 
longitudinal 

Perceived:32-item 
instrument (Sallis et al. 
1997) with three subscales 

Achieving 

recommend

ed levels of 

No interaction terms tested. 
Participants in the 
counselling arm who 
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Study reference Intervention and techniques Sample and 
setting 

Study design Environmental moderator 
measures  

Outcome 
measures 

Evidence of moderation 

Advice arm 3-5 min counselling 

message & educational materials on 

PA; (2) Assistance arm 3-5min 

counselling message, health-educator-

delivered counselling session, monthly 

mailings of newsletter (with 

motivational tips and PA info.) & 

postcard to record mod. & vig. PA 

engaged in & barriers & received 

feedback from the study team; (3) 

Counselling arm same as previous arm 

plus monthly / bimonthly telephone 

counselling to build behavioural skills.  

were patients 

of a 

participating 

primary care 

provider in 

the USA, 

(California, 

Texas or 

Tennessee), 

45% female 

(n=874) 

(1) presence of equipment 
in or around the home that 
can facilitate PA (14 yes/no 
items) (2) features of the 
neighbourhood that can 
potentially influence PA (8 
items of presence of 
neighbourhood crime, 
sidewalks, enjoyable 
scenery, stray or roaming 
dogs, streetlights, heavy 
traffic, hills & others walking 
in one’s neighbourhood (3) 
characteristics of work 
environment that may 
promote PA (6 items) 

moderate 

physical 

activity 

(≥150min/w

eek) 

reported seeing neighbours 
walking & who had high 
initial barriers to self-efficacy 
averaged consistently higher 
PA levels across 24 months 
than those who did not 
report seeing neighbours 
walking. This group (see 
people walking and high 
initial barriers) had 
significantly higher 24 month 
maintenance of sufficient PA 
than equivalent groups in 
the less intensive 
intervention arms.  

5) King, 
Toobert et 
al. 2006 

 

The National Institute of Health 

Behaviour Change Consortium (BCC) 

Initiative, funded 15 health behaviour 

intervention studies between 1999-

2002. Five studies participated in 

investigation. Stanford trial: 12 month 

moderate intensity aerobic exercise 

regimen delivered by telephone 

counsellor (Arm 1) or automated 

interactive telephone service (Arm 2) 

or a health education-attention control 

(Arm 3) . Oregon trial: comprehensive 

lifestyle management intervention 

with lay-led peer group support (Arm 

Adults (18-85 

years) 

ethnically 

diverse 

community 

adults and 

primary care 

patients from 

five USA 

regions. 

(n=645) 

 

Prospective 
(only for 
moderation 
analysis done 
in three trial 
areas of 
Stanford, 
Oregon & 
Atlanta. 
Baseline PA 
was not 
collected for 
other two 
areas Rhode 
island & 
Memphis) 

Perceived: 68 item early 

version of NEWS: residential 

density, land use mix, access 

to restaurants & retail 

stores, street connectivity, 

walking and cycling facilities 

including sidewalks, 

aesthetics, traffic safety & 

safety from crime (did not 

test composite NEWS) 

Change in 

minutes of 

MVPA for 

moderation 

analysis. 

Amount of 

time spent 

in MVPA at 

post-test for 

cross-

sectional 

analyses. 

Significant positive 

interaction between 

intervention and measures 

of traffic safety (3 sites) and 

crime-related safety (1 site). 
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Study reference Intervention and techniques Sample and 
setting 

Study design Environmental moderator 
measures  

Outcome 
measures 

Evidence of moderation 

1), computer-based tailored 

community resources support (Arm 2) 

or usual physician care (Arm 3). 

Atlanta trial: tailored self-help PA and 

nutrition intervention and four 

telephone counselling calls (Arm 1), 

tailored self-help PA and nutrition 

intervention (Arm 2) or nutrition and 

PA self-help material (Arm 3). Rhode 

Island trial: 12 month physical activity 

and nutrition intervention (Arm 1), 

physical activity intervention only (Arm 

2), nutrition intervention only (Arm 3) 

or fall-prevention information control 

(Arm 4). Memphis trial: 24 months 

patient-provider counselling (Arm 1), 

patient-peer counselling (Arm 2) or 

standard physician care control (Arm 

3).  

6) Sallis et al. 
2007 

 

Activity Counselling Trial (targeted 

inactive adults from eight primary care 

settings) Three intervention arms: (1) 

Advice arm 3-5 min counselling 

message & educational materials on 

PA; (2) Assistance arm 3-5min 

counselling message, health-educator-

delivered counselling session, monthly 

mailings of newsletter (with 

Inactive 

adults aged 

35-75 years 

who were 

primary care 

patients from 

three 

regions: 

California, 

RCT, 
Prospective 

Perceived: sidewalk, heavy 

traffic, hills, streetlights, 

dogs unattended or running 

free, enjoyable scenery, 

high crime, seeing others 

walking or exercising, 

neighbourhood safety & 

land use mix (10 items). 

Items formed a 

Moderate to 

vigorous 

physical 

activity mins 

at 6 months 

 

No significant interaction 

terms between intervention 

group and environment. 

Among women, perceived 

high crime was associated 

with 1 hour less MVPA per 

week. Women who reported 

unattended dogs did less 

MVPA/week than those that 
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Study reference Intervention and techniques Sample and 
setting 

Study design Environmental moderator 
measures  

Outcome 
measures 

Evidence of moderation 

motivational tips and PA info.) & 

postcard to record mod. & vig. PA 

engaged in & barriers & received 

feedback from the study team; (3) 

Counseling arm same as previous arm 

plus monthly / bimonthly telephone 

counselling to build behavioural skills.  

Texas & 

Tennessee 

(USA), 45% 

female, all 

analyses sex-

specific 

(n=861) 

neighbourhood scale too. 

 

did not. Among men 

frequently seeing people 

active in the neighbourhood 

was associated with more 

MVPA.  

7) Merom et al. 
2009 

 

Step-by-step study: three study 

groups: 1) Mail out self-help walking 

program using goal-setting, monitoring 

and recording, 2) Mail out self-help 

walking program plus pedometer, 3) 

No treatment (controls). 

Inactive 

adults (30-65 

years, 85% 

female) 

n=314 in 

NSW, 

Australia 

 

RCT  

 

Perceived: walkability as 

measured by aesthetics, 

safety from crime, proximity 

to destinations, access to 

walking facilities, traffic, 

streetlights, connectivity 

and hilliness (items similar 

to Australian version NEWS 

in wording and scale) 

Self 

reported 

walking time 

for all 

purposes 

and self-

reported 

regular 

walking 

(proportion 

of people). 

Pedometer 

steps for the 

walking 

program 

plus 

pedometer 

group only. 

Significant negative 

interaction term between 

intervention group and 

aesthetics – In low aesthetic 

conditions, those in the 

pedometer intervention 

group increased their 

walking time significantly, 

and also had higher % 

regular walkers whereas in 

the control group there was 

no significant change in walk 

minutes and % regular 

walkers. No differences 

observed if aesthetics = high.  

Among the pedometer 

intervention group, those 

who perceived their streets 

as unsafe for walking at 

night took fewer pedometer 

steps than those who did 
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Study reference Intervention and techniques Sample and 
setting 

Study design Environmental moderator 
measures  

Outcome 
measures 

Evidence of moderation 

not, those who perceived 

traffic to be high took more 

steps than those who 

perceived traffic as low, if 

streets were not well lit 

women took fewer steps 

than if well lit, if aesthetics 

were low women took more 

steps than if high. Women 

who perceived their streets 

as hilly took more steps than 

those who did not. 

8) Michael & 
Carlson 2009 

 

SHAPE trial (6 month neighbourhood 

based walking intervention). Walking 

group intervention (n=28 

neighbourhoods) = participated in 

leader led walk group 3 times/week. 

Education-only control (n=28) = 

received health education & 

information mailed regularly. Not mass 

media 

Older adults 

(65+ years) 

from 

Portland, 

Oregon (USA) 

(n=582) 

RCT Objective walkability 

measured as sidewalk 

coverage, connectivity, 

public transportation 

access, distribution of 

parks/greenspace, and level 

of automobile traffic volume 

within quarter-mile & half-

mile radii. Number & type of 

retail outlets also 

considered in PCA analysis 

for walkability. Perceived 

neighbourhood safety, 

neighbourhood household 

income & neighbourhood 

poverty was controlled for. 

Total 

minutes self-

reported 

brisk walking 

(Yale 

Physical 

Activity 

Scale YPAS 

validated in 

older adults) 

 

Interaction term between 

intervention and walkability 

was not significant. Positive 

change in perceived 

neighbourhood problems 

over 6-months mediated the 

intervention effect on brisk 

walking at 6-months. 
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Study reference Intervention and techniques Sample and 
setting 

Study design Environmental moderator 
measures  

Outcome 
measures 

Evidence of moderation 

Perceived neighbourhood 

problems (safety) – whether 

gangs, graffiti, violent crime, 

vandalism, burglary, 

abandoned or boarded up 

buildings and alcohol and 

drug use were a problem in 

their neighbourhood. 

9) Zenk et al. 
2009 

 

Women’s Walking Program over 12 

months (24 week adoption phase, 24 

week maintenance phase). Home-

based walking intervention using print 

materials, presentations at community 

sites, newspaper announcements. 

Enhanced intervention group received 

additional motivational workshops and 

tailored, supportive telephone calls. 

Not mass media (only local). 

African 

American 

women aged 

40-65 years 

from urban 

and suburban 

Chicago. 

(n=252) 

Quasi-

experimental 

Objective: walkability (land 

use mix, street intersection 

density, housing unit density 

& public transit stop 

density), aesthetics (physical 

deterioration & industrial 

land use), availability of 

outdoor (recreational open 

space) and indoor 

(recreation centres & 

shopping malls) walking 

facilities/spaces, and safety 

(violent crime incidents) 

Adherence 

to a walking 

prescription 

No significant interaction 

terms between intervention 

group and environmental 

measures. Availability of one 

and especially both types of 

indoor walking facilities 

associated with adherence.  

10) Kerr et al. 
2010 

 

PACEi (Patient-centred Assessment 

and Counseling for exercise and 

nutrition via the internet) (one each 

for men and women). Women 

intervention (1 year): Intervention 

group = computerised assessment and 

stage-based action plan to improve 

Women’s 

intervention: 

women aged 

18-55 years 

with BMI of 

25-39 

(overweight 

RCT, 

Prospective.  

 

Perceived: (NEWS short 

form). If a specific 

destinations (eg. school, 

shop, recreation facility and 

public services) were within 

5, 10, 20 or 30 min of 

home). An aesthetics scale 

Walking 

(total weekly 

minutes 

walked, by 

combining 

transport 

and leisure 

Significant negative 

interaction term between 

intervention group and 

walkability among men – 

Men in the intervention 

group increased walking 

significantly more if they 



 

 
 

4
1

 

Study reference Intervention and techniques Sample and 
setting 

Study design Environmental moderator 
measures  

Outcome 
measures 

Evidence of moderation 

physical activity & nutrition 

behaviours. Brief counselling from 

primary care provider based on printed 

plan. Support & tailored feedback by 

trained PACEi health counsellors by 

email monthly, & by telephone 

quarterly. Standard care group 

(controls) = usual advice from their 

provider & standard set of materials 

with recommendations for diet & 

exercise. Men intervention (1 year): 

Intervention group = interactive 

computer program assessed initial 

status on the 5 target behaviours & 

then software to guide them to select 

& set goals in each area. Monthly web-

based activities, learning about & 

applying a new behavioural skill & 

reading on diet & PA topics. Tip sheets, 

topical news items & archived content 

were available online & updated 

weekly. Participants were encouraged 

to report their weight & progress on 

goals & set new goals online & 

received tailored graphical feedback. 

The men were given pedometers to 

assess daily steps & encouraged to 

input data on the web. Participants 

and obese)  

from the USA 

(n=286).  

Men’s 

intervention: 

men aged 25-

55 years with 

BMI of 25+ 

from the USA 

(n=309) 

 

 

 

(items eg. My 

neighbourhoods are 

generally free from litter). 

Trees scale (items eg. trees 

give shade for the sidewalks 

in my neighbourhoods). Hills 

scale (items eg. the streets 

in my neighbourhood are 

hilly, making it difficult to 

walk). Traffic safety scale 

(items eg. There is so much 

traffic along the street I live 

on that it makes it difficult 

to walk). Speed safety scale 

(items eg most drivers 

exceed the posted speed 

limits). Visibility of other 

people scale (items eg 

walkers on the streets can 

be easily seen by people in 

their homes). Crime safety 

scale. Pedestrian facilities 

scale (items eg. there are 

sidewalks on most of the 

streets in my 

neighbourhood). Number of 

destinations within a 20min 

walk scale. Objective: GIS 

walking) 

IPAQ 

lived in less walkable 

neighbourhoods than men in 

high walkable 

neighbourhoods (who 

decreased walking minutes).  
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Study reference Intervention and techniques Sample and 
setting 

Study design Environmental moderator 
measures  

Outcome 
measures 

Evidence of moderation 

could contact case managers by email 

or phone for website facilitation & 

trouble shooting. Control group = 

alternative website containing general 

information of interest to men but not 

focussed on diet & exercise. 

walkability including 

residential density, street 

connectivity, land use mix 

and retail floor area ratio. 

(Objective walkability 

components were not 

considered separately).  

11) Gebel et al. 
2011 

 

Wheeling Walks: Mass media 

advertising (TV radio and print); 

campaign events; campaign 

merchandise; incidental news 

coverage; publicity tours; website; 

workplace flyers / 8 weeks 

Adult s (50-

65 years) 

from 

Wheeling, 

West Virginia 

(n=1472) 

Quasi-

experimental  

Perceived usable sidewalks 

(continuity, condition, 

separation from traffic, 

shading), crosswalks, street 

and sidewalk lighting, 

benches, aesthetics and 

facilities, connectivity, hills 

and other walkers; 

Composite 17 item 

walkability score. 

Change in 

overall 

walking 

minutes 

No interaction terms tested. 

Among those insufficiently 

active at baseline people in 

the top half for the factor 

“aesthetics and facilities”, 

increased walking more than 

those in bottom half 

(p<0.001). Among those 

insufficiently active at 

baseline in the top half of 

the environmental factor 

“usable sidewalks”, walking 

increased more than those 

in the bottom half (not 

significant); In the control 

community the environment 

did not have any relationship 

to changes in walking levels. 

12) Robertson et 
al. 2012 

Walking for Wellbeing in the West 

(WWW): Maximal intervention was 

pedometer & walking programme with 

Adults (18-65 

years, mean 

age 53 years 

Longitudinal 

with follow-

up at 3, 6, & 

Objective: 13 GIS-derievd 

variables of land use mix, 

number of land uses, % 

Step counts 

at baseline, 

& 3, 6 and 

No interaction terms tested. 

No significant predictors of 

change in step counts. Five 
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Study reference Intervention and techniques Sample and 
setting 

Study design Environmental moderator 
measures  

Outcome 
measures 

Evidence of moderation 

physical activity consultations & map 

of local area. Minimal intervention was 

pedometer & walking programme only 

for final 

follow-up 

sample, 71% 

female) living 

in Glasgow, 

who were 

not achieving 

30 minutes 

moderate-

intensity PA 

on ≥5 days a 

week. n=76 

at baseline, 

n=57 at 3 

months, 

n=54 at 6 

months & 

n=45 at 12 

months. 

12 months. 

No control 

group. 

green space area, % 

commercial area, % 

domestic area, number of 

bus stops, residential 

density (dwellings per 

hectare), number of road 

accident injuries, number of 

road accident injuries to 

pedestrians, number of non-

injury accidents, % path 

area, % paths and roadside 

area & street connectivity 

(number of three-legged 

junctions). Street audit tool 

Scottish Walkability audit 

tool (SWAT) resulted in 56 

variables (from 81) after 

factor analysis measuring 

footpath quality, traffic and 

personal safety, views and 

access to facilities. 

12 months 

post-

intervention 

significant environmental 

factors were predictors of 

step counts: dangerous & 

busy roads factor (at 

baseline & 3 months), 

commercial & residential 

land use mix factor, 

dangerous & busy roads 

factor, traffic signals & 

pedestrian signage factor & 

indoor fitness facilities & 

traffic calming features 

factor (at 6 months) & green 

space & recreational 

facilities factor (at 12 

months). 

PA=Physical activity. MVPA=Moderate to vigorous physical activity. NEWS=Neighbourhood Environment Walkability Scale. 
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Chapter 4 

 

Context and Background 

 

4.1 INTRODUCTION 

The previous chapters described the rationale for undergoing this research. This chapter 

outlines the backgrounds to the three mass media led campaigns investigated in this thesis. It 

begins with background on the geographical areas where the three campaigns took place. The 

campaigns are then described including their origins, target groups, media and other campaign 

outputs, evaluations designs, response rates and survey instruments. 

 

4.2 FIND THIRTY EVERY DAY 

4.2.1 Study area and background to the campaign 

Study area 

The Find Thirty every day campaign was conducted in Western Australia (WA). This state has a 

land mass of 2.5 million km2 with 74% of its population of approximately 2,346,410 residing in 

the capital city Perth (Australian Bureau of Statistics  2012). Perth is located on the coast in the 

south-west corner of the State and has a Mediterranean climate. There was no comparison 

community for the Find Thirty campaign evaluation. 

 

Campaign background 

The Premier’s Physical Activity Taskforce Tracking Survey 

In Western Australia between 2001 and 2012, a whole of community approach to physical 

activity was overseen by the Premier’s Physical Activity Taskforce (PATF). The taskforce was 

established with the purpose of linking government and community agencies, conducting 

research, providing strategic direction and policy input, supporting community programs and 

environmental strategies to increase opportunities for physical activity. One key project 

undertaken by the taskforce was the State-wide Adult Physical Activity Survey. This tool was 

developed to provide representative data on physical activity levels across Western Australia. 
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Findings from the 2002 survey suggested the need for physical activity campaigns promoting 

the national guidelines of 30 minutes of moderate intensity physical activity a day that can be 

accumulated throughout the day (McCormack et al.  2003). 

 

The Find Thirty® campaign 

After the establishment of the Premier’s Physical Activity Task Force in 2001, the Department 

of Health in Western Australia delivered a state-wide physical activity campaign known as the 

‘Find Thirty® campaign’, from 2002-2005. Find thirty. It’s not a big exercise which focussed on 

fitting 30 minutes of moderate physical activity into daily life. Campaign techniques included a 

mass media component, with television and supporting media (print, radio and online), public 

relations and communications, promotional resources and merchandise, and links with 

community programs.  

In 2006, the Premier’s Physical Activity Taskforce state-wide survey showed that 40% of 

Western Australians still could not identify the recommended level of physical activity and 41% 

were not adhering to it (Milligan et al.  2007). The physical activity social marketing campaign 

was subsequently outsourced in 2008 to the Heart Foundation (WA Division).  The Heart 

Foundation developed a new campaign “Find Thirty every day®” building on the original 

campaign.  

Thus, the new campaign, delivered between 2008 and 2010, emphasised a strong core 

message, to increase the probability of recall, namely, “doing thirty minutes of daily physical 

activity is beneficial for good health”. Specifically, the Find Thirty campaign was an individually 

focused mass media campaign that was designed to create awareness, an increased level of 

knowledge and behavioural change in individuals: as opposed to a broader health promotion 

approach including “socio-political, environmental or structural change”.  

 

4.2.2 The Find Thirty every day campaign advertisements 

Each 15- and 30-second television advertisements comprised several scenarios of adults 

engaging in various moderate- and vigorous-intensity physical activities including transport 

walking to work, recreational walking in the neighbourhood, walking in a group, cycling, 

playing team sport, dancing, gardening and swimming. Most activities were recreational. The 

social benefits of physical activity were a strong focus of the campaign, encouraging being 

active with others (i.e., a spouse, a dog or children). 
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4.2.3 Theoretical basis 

The campaign was underpinned by social cognitive theory, with a particular focus on the 

concepts of reciprocal determinism, self-efficacy and outcome expectancy in the campaign 

messages. Through the television advertisements themselves self-efficacy was addressed by 

presenting everyday adults engaging in activities easily incorporated into everyday life 

including gardening, playing ball with a dog in the park after work and neighbourhood walking. 

Outcome expectancy was depicted through written statements appearing on the 

advertisements linked to the campaign brand by use of the word ‘finding’, for example 

“Finding better health” and “Finding a way into last year’s jeans”. The emphasis on the social 

benefits of physical activity, demonstrates reciprocal determinism by emphasising how social 

environments can support the behaviour and the behaviour can benefit your social 

environment. For example, a father and son playing football with the words “Finding quality 

time with the kids” appearing on a score board and a couple walking together and the words 

“Finding time to talk” written on their tee-shirts. 

 

4.2.4 Target groups and campaign aims 

The campaign’s primary target group was adults aged 25-54 years. The secondary target 

groups were indigenous adults, older adults, parents and adults who are sufficiently active but 

at risk of relapse. Adults with lower socio-economic status and adults from regional areas were 

priority groups. The campaign also had professional target groups of Department of Health 

Area Health Service staff and other physical activity professionals in Western Australia to 

support the Heart Foundation in delivering the campaign, particularly in regional areas. 

The overall aim of the campaign was to increase the number of Western Australians who are 

sufficiently active for good health. The specific objectives were: 

 To increase awareness of the frequency and type of physical activity required for good 

health; 

 To increase awareness of the specific benefits of physical activity in relation to chronic 

disease and general health (physical, mental, social); 

 To demonstrate how people who are insufficiently active can overcome perceived 

barriers to participation in physical activity; and 

 To congratulate people who are already active. 
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4.2.5 Formative evaluation  

A ten stage formative process was employed, that included an epidemiological review, the 

application of theory (predominantly social cognitive theory), message and concept testing of 

ideas and materials using focus groups, strategic channel selection and campaign 

implementation (Shilton & Maitland  2009).  

The main findings from the formative evaluation are summarised below: 

 The perception of not having time is the key barrier to physical activity; 

 Negative health effects of inactivity are not motivating; 

 Emotional and mental health benefits are interesting and believable; 

 What does and doesn’t count as physical activity needs to be clarified; and 

 The 30 minute message is well-known but there is confusion around how often. 

 

4.2.6 Campaign strategy 

The campaign used television and radio advertisements, a website, billboards and print 

material to promote specific activities to the broader adult community. These included 

gardening (raking leaves), walking to work, playing basketball, playing ball with a dog and with 

children, cycling, dancing and swimming. The campaign was aired across the Perth 

metropolitan area and regional Western Australian television networks. Radio commercials 

including one targeted at indigenous Australians were aired on regional radio networks. Print 

advertisements were printed in the state-wide Sunday newspaper (the Sunday Times) and 17 

different community newspapers. Outdoor billboards were placed in sites either in the city 

because of high traffic volumes or in suburbs where people of lower SES demographic live. The 

media doses are summarised in Table 4.1. The main unit of measure are TARPs (Target 

Audience Rating Points) which indicate on average how many times someone in the target 

group have viewed a television program, during which the advertisement was aired (Cavill & 

Bauman  2004). TARPs are the same as Gross Rating Points (GRPs) used in the US calculated as 

the proportion of the population who were watching times the number of times the 

advertisement is shown. They are a measure of investment in the campaign where more 

TARPs will produce more of the population exposed to the message. Achieved TARPs were not 

available for regional television. In addition to the mass media, public relations activities such 

as the campaign launch, media releases and competitions, took place to generate unpaid 

media. The unpaid media coverage data collected during the campaign included coverage 
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related to all Heart Foundation physical activity-related programs, so those specific to Find 

Thirty every day® could not be disaggregated.  

 

Table 4.1  Media achieved by the Find Thirty every day campaign 

Media advertising Output 

Metropolitan television  

Wave 1 TARPs = 1465 

Wave 2 TARPs = 1156 

Wave 3 TARPs = 916 

Wave 4 TARPs = 581 

Wave 5 TARPs = 558 

Wave 6 TARPs = 409 

Wave 7 TARPs = 874 

Regional radio  

Thirty-second spots 350 spots 

Thirty-second live reads 140 live reads 

Print  

Weekly Sunday newspaper (Sunday Times) 44 placements 

Community newspapers 21 placements (17 different newspapers) 

Outdoor  

Billboards 30 sites 

Online  

Banners on online news site (Perth Now)  249,054 impressions 

Website 3837 average monthly unique visitors 

e-news 1285 subscribers 

 

 

4.2.7 Evaluation design  

An evaluation design incorporating three serial cross-sectional surveys and a cohort study with 

four collection points was employed. Figure 4.1 outlines the timing of media waves and 

periods of data collection (adapted from Leavy et al.  2013). 
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Figure 4.1 Overall Find Thirty every day evaluation model (adapted from Leavy et al. 

2013) 

 

4.2.8 Recruitment and response rates 

The Survey Research Centre at Edith Cowan University randomly selected participants from the 

electronic White Pages (Household) telephone directory. Eligible participants were English 

speaking adults aged 20 to 54 years who were not suffering from a disease or disability that 

would prevent them from doing moderate intensity physical activity. The sampling protocol 

required equal numbers of males and females and one quarter of the sample to be from 

regional Western Australia. The response rates for each survey are presented in Table 4.2. 

Computer-Assisted Telephone Interviewing (CATI) was used to collect data during 20 minute 

telephone interview. Calls were made between 10:00am and 8:30pm weekdays and 10:00am 

and 4:30pm weekend days. Call backs outside these times were made if requested by 

respondents. The methods of data collection were approved by the University of Western 

Australia’s Human Research Ethics Committee (RA/4/1/4098). 

 

Table 4.2 Response rates for the Find Thirty every day evaluation 

Survey  Response rate 

Cross-sectional survey 1 / Cohort survey 1 77% of eligible contacts 

Cross-sectional survey 2 79% of eligible contacts 

Cross-sectional survey 3 89% of eligible contacts 

Cohort survey 2 88% of those who completed Cohort survey 1 

Cohort survey 3 87% of those who completed Cohort survey 2 

Cohort survey 4 80% of those who completed Cohort survey 3 

Intervention    

Media 

wave 

1 

 

27 

May-

28 Jun 

08 

   

Media 

waves 2-3 

 

July/Aug/ 

Sep/Oct / 

Nov 08; 1 – 

21 Mar 09 

   

Media 

wave 

4 

 

10-23 

May, 

09 

 

 

  

Media 

waves 

5-7 

Aug/Sep 

09; 

Oct/Nov 

09;  

7-27 Feb 

2010 

 

  

Evaluation  

Data 

collection 

point 1  

 

BASELINE 

27 APRIL- 

24 MAY 

2008 

   

Data 

collection 

point 2 

 

POST 

WAVE 1 

29 June – 

2 Aug, 08  

   

 

Data 

collection 

point 3 

 

POST 

WAVE 3 

17 Mar – 3 

Apr, 09  

 

  

 

Data 

collection 

point 4 

 

POST 

WAVE 4 

25 May – 

Jun, 09  

 

 

  

Data 

collection 

point 5 

 

POST 

WAVE 7 

Feb/Mar 

2010 

                   

 

Cross 

Sectional 

Surveys 
 

 

CROSS 

SECTIONAL 

(1) 

n =1005 

       

CROSS 

SECTIONAL 

(2) 

n = 1002 

  

 

 

 

 

 
CROSS 

SECTIONAL 

(3) 

n =1001 

  
Agreed to 

cohort                 

Cohort 

Surveys 
 

 

COHORT 

(1)  

n=803 

 

 

  

COHORT 

(2)  

n = 696  

 

     

  

COHORT 

(3)  

n=566 

 

 

 

  

COHORT  

(4)  

n = 452  
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4.2.9 Survey instruments 

Serial cross-sectional surveys  

The cross-sectional surveys consisted of an average of 75 items collecting information on 

responses to the campaign including campaign awareness, acceptance and believability of the 

message, intentions to change behaviour as a result of the campaign and actions taken. Some 

of the information collected varied from survey to survey. Physical activity behaviour was 

collected using standard items from the PATF (Rosenberg et al.  2010) and Active Australia 

(Australian Institute of Health and Welfare  2003) surveys on the frequency and duration of 

walking trips for transport, walking trips for transport or recreation (overall) and cycling trips 

for transport, that were 10 minutes or more; moderate activity other than walking; and 

vigorous activity. Demographic characteristics, diet and smoking behaviour, timing of physical 

activity during daylight savings time in WA, individual factors of respondents’ self-efficacy, 

knowledge and beliefs about physical activity and social support factors on encouragement by 

others to be active and doing physical activity with others, were also included.  

 

Cohort survey 

In addition to the items included in the cross-sectional surveys described above, the cohort 

survey collected information on perceptions of the neighbourhood built environment around 

opportunities to be active and safety. 

 

4.3 WV WALKS & BC WALKS 

4.3.1 Study areas and background to the campaigns  

Study area 

The intervention community for West Virginia (WV) Walks was the North-Central part of West 

Virginia while Broome County or BC Walks was conducted in Broome County, New York State. 

West Virginia is located in the Appalachian Mountain Range in eastern North America and has 

a humid sub-tropical climate. It covers an area of approximately 62,754 km2 with a population 

of approximately 1,802,200. The majority of community activities for WV Walks were held in 

Morgantown.   
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Broome County (BC) is located in the south-central part of the state of New York with a 

population of approximately 200,536, across an area of 1,851.8 km2, and a humid continental 

climate.  

Comparison communities for both of these campaigns were selected based on being in the 

same region as the intervention community, with similar demographics, physical activity levels 

and walkability but with a defined and separate mass media market. This was to prevent 

contamination from exposure to the mass media messages, in both studies. Since much of the 

paid media was sent through highly watched local cable channels, this media market 

separation was possible. Therefore Cabell County, West Virginia, was selected as the 

comparison community for WV Walks and Chautauqua County, New York, which is located 346 

kilometres from Broome County was selected for BC Walks. 

 

Campaign backgrounds  

Replication of the Wheeling Walks campaign 

Both WV Walks and BC Walks were designed to replicate an earlier Wheeling Walks campaign, 

which was a mass media led community campaign that ran for eight weeks in 2001 in West 

Virginia (Reger-Nash et al.  2005; Reger et al.  2002). The level of insufficient activity among 

West-Virginian adults at the time was 70% and WV research indicated that walking was the 

activity of preference among sedentary West Virginians. The campaign targeted sedentary or 

irregularly active adults middle-aged aged 50 to 65 years, in the town of Wheeling, to walk for 

at least 30 minutes at moderate intensity daily. Evaluation of this campaign was confined to 

the city of Wheeling where awareness of the campaign was 80% and change in walking from 

non-active walker (< 10 minutes walking per day) to active walker (30 minutes a day, at least 5 

days a week) at 12 months was 14% of surveyed respondents. Given these reported 

improvements, this local community campaign model was replicated in North-Central West 

Virginia in 2005 and Broome County in New York in 2003.  

 

4.3.2 Theoretical basis 

The campaigns were underpinned by the theory of planned behaviour. The television 

advertisements used personal stories and voice-overs to change individual’s attitudes towards 

regular walking, beliefs about other’s expectations around walking (subjective norm) and 

perceived behavioural control over regular walking. For example, the advertisements 

encouraged starting with 10 minute walks and working up to 30 minutes a day and also 
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compared the 30 minute daily walking duration to the length of one television program to 

address perceived barriers to walking of lack of time and energy. 

 

4.3.3 Target groups and campaign aims 

The WV Walks and BC Walks campaigns promoted 30 minutes of daily moderate intensity 

walking among insufficiently active adults, aged 40 to 65 years, from North-Central West 

Virginia and Broome County, New York respectively. This expanded the age range from the 

Wheeling Walks campaign and in WV Walks also expanded the geographical area and socio-

economic diversity of the target population, compared to the Wheeling campaign. In addition, 

adopting a social-ecological approach, the WV Walks social marketing campaign also targeted 

policy makers to make the community more activity-friendly. The aim of the campaigns was to 

increase walking in those regions by replicating the community-wide mass media led campaign 

Wheeling Walks.  

 

4.3.4 Formative evaluation  

In WV Walks, a Participatory Planning Model was used to identify key methods for the 

intervention. Over a 12-week participatory planning phase stakeholders contributed to a needs 

assessment of resources required and planning around the design, implementation and 

evaluation of the campaign. Participants, while trying to lead a healthy lifestyle, identified 

needs, barriers, benefits, enablers and resources in order to address sedentary behaviour. A 

Community Advisory Board was developed who met monthly to plan the campaign and 

develop resources. The main findings from the formative evaluation were that the age range 

be expanded to include 40-49 year olds and the message should promote the 

recommendation of 30 minutes daily walking. 

In BC Walks, although a participatory planning phase was not included as with WV Walks, 

existing physical activity coalitions assisted program advocates with formative testing and 

needs assessment in Broome County. The results of the formative evaluation indicated a 

preference that the target group be 40-65 year old BC residents and that emphasis be put on 

walking at least 10 minutes a day. There was also feedback indicating a need for ethnic 

diversity in the advertising, and as such, one print advertisement used African American actors, 

reflecting the population in this small city in upstate New York. 
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4.3.5 Campaign strategy 

Prime-time media, media relations and community activities were used to promote the WV 

Walks campaign. Prime-time ads were bought on two network stations, three radio stations 

and a daily newspaper with coverage over the whole intervention region. The campaign also 

attracted news coverage through public relations activities, such as the Mayor’s Walking Cup 

and the Intergenerational Walk, and maintained an interactive website where participants 

could log their walking minutes. The majority of additional activities were held in Morgantown, 

the region’s largest city. Gross Rating Points (GRPs) estimate media dose by multiplying the 

proportion of the target audience who were watching/listening and the number of times the 

message was aired (Bauman et al.  2006). Details of the media achieved are quantified in Table 

4.3. In addition to the mass media, environmental and policy changes were implemented to 

increase walkability in the community, however these did not occur until 12-18 months after 

the mass media campaign. County commissioners and city officials increased funding for trail 

maintenance and city sidewalk construction. A specific walkability project was implemented on 

the West Virginia University’s Health Sciences campus, improving pedestrian infrastructure on 

and around the campus. Given these additional campaign strategies, WV Walks is referred to 

in this thesis as a Social Marketing Campaign, as it uses all elements of the marketing mix or 

four ‘P’s’ described in Chapter 1, including adequately addressing ‘place’. Place refers to where 

the decision is made to walk, and while an individual may make a plan to walk in the future, 

the ‘product’ is really about doing the behaviour (Andreasen  1994) in order to receive the 

promoted benefits and the ‘place’ is therefore where they do the behaviour. However, the 

environmental and policy elements did not occur before follow-up data collection for this 

study and will therefore not have affected evaluation results. 

To promote walking, the BC Walks mass media campaign used paid media and public relations 

such as a speakers’ bureau, as well as community health activities designed to foster social 

networks, provide social support and reinforce the campaign message. The media achieved for 

BC Walks is outlined in Table 4.3. 
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Table 4.3 Media achieved by the WV Walks & BC Walks campaigns 

Media advertising Output 

Television WV Walks BC Walks 

Network GRPs = 3016 GRPs = 4835  

Cable GRPs = 1859 GRPs not available 

Radio   

Sixty-second advertisements GRPs = 1876 GRPs = 3245 

Print   

Daily newspaper ⅛ page ads 39 ads 10 ads 

Generated media   

Television  1143 news reports 28 news reports 

Radio  167 news reports 5 news reports 

Print  104 news reports 10 news reports 

Online   

Interactive website 5400 residents enrolled 961 residents enrolled 

 

4.3.6 Evaluation design  

A cohort design was used with a random sample recruited, and telephone surveys conducted 

one month before and one month after the 8-week mass media campaign component in 

intervention and comparison communities. 

 

4.3.7 Recruitment and response rates 

Random digit dialling was used to recruit respondents pre-campaign in both campaigns. This 

was the same method as was used in Wheeling Walks. Recruitment was completed by the 

Survey Research Centre at the University of North Texas in WV Walks and by TNS Intersearch 

Corporation (Westchester III) in BC Walks. In BC Walks respondents were first screened for 

whether they met physical activity recommendations and only those insufficiently active were 

interviewed. Telephone interviews were used to collect data pre- and post-campaign. The 

response rates for each survey in the intervention and comparison communities are 

summarised in Table 4.4. Ethical approval was granted by the West Virginia University 

Institutional Research Review Board for WV Walks and the Institutional Research Board for the 

Protection of Human Subjects of United Health Services Hospitals for BC Walks. 

 

Table 4.4 Response rates for WV Walks & BC Walks campaign evaluations 

 Intervention 
Community 

Comparison 
Community 

 WV 
Walks 

BC 
Walks 

WV 
Walks 

BC 
Walks 

Pre-campaign survey (% of eligible contacted residents) 57 68 46 68 

Post-campaign survey (% of pre-campaign respondents) 73 68 70 55 
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4.3.8 Survey instruments 

The WV Walks survey collected demographic information, campaign awareness, and 

perceptions of the neighbourhood environment as well as physical activity beliefs, stages of 

change, and social support. Walking and moderate and vigorous physical activity were 

collected using standard items from the Behavioural Risk Factor Surveillance System. 

The BC Walks survey included 56 questions pre-campaign and 48 questions post-campaign 

collecting information on demographic characteristics, walking behaviour, moderate and 

vigorous physical activity, campaign exposure and perceptions of the environment. As with WV 

Walks, standard items from the Behavioural Risk Factor Surveillance System were used to 

assess physical activity behaviours and similar items to Wheeling Walks, were used to collect 

information on exposure to the campaign. 

 

4.4 CONCLUSION 

This chapter described the background and delivery of three mass media led campaigns 

encouraging the community to be regularly active in the three regions of Western Australia, 

West Virginia and Broome County (New York State). It provided the context for each of the 

three campaigns investigated in this thesis including the target group, marketing strategies 

used and overall evaluation design. The following two chapters introduce and describe the 

three neighbourhood environment studies undertaken in this thesis and explain the methods 

used and report and discuss the results. 
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Chapter 5 

 

A Western Australian Physical Activity Campaign 

 

Material from this chapter has been published (see Appendix 2): 

Barnes, R., Giles Corti, B., Bauman, A., Rosenberg, M., Bull, F. C. & Leavy, J.E . Does 

Neighbourhood Walkability Moderate the Effects of Mass Media Communication Strategies to 

Promote Regular Physical Activity?  Annals of Behavioral Medicine, vol. 45, no. 1, pp. S86-S94. 

 

5.1 INTRODUCTION 

This chapter examines whether environmental neighbourhood characteristics moderate 

cognitive and behavioural campaign impacts, from pre- to post-campaign, in a Western 

Australian context. It includes a cross-sectional study comparing data from two time points to 

identify any moderation of campaign correlates, and a cohort study, over two time points to 

examine whether within individual changes were moderated by these features. The research 

methods are structured so that all variables across the two studies are described before the 

statistical methods and results are reported separately for the cross-sectional and cohort 

studies. Objectively measured walkability and mix of destinations were examined in both the 

cross-sectional and cohort studies; however environmental perceptions were included in the 

cohort study only. 

 

5.2 OBJECTIVES 

The overall aim of this chapter was to investigate the extent to which the built environment is 

a moderator of the impact of a mass media campaign designed to increase physical activity 

amongst Western Australian adults. It addressed the following specific objectives: 

 To examine the moderating influences of objectively measured neighbourhood 

walkability and destinations mix on cognitive and behavioural impacts of the Find 

Thirty every day campaign (cross-sectional); 

 To examine whether changes in the cognitive and behavioural impacts of the Find 

Thirty every day campaign were moderated by objective neighbourhood walkability 

and destinations mix (cohort); and 
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 To examine if changes in cognitive and behavioural impact were associated with 

perceptions of neighbourhood safety and access to opportunities to be active (cohort). 

 

5.3 METHODS 

5.3.1 Neighbourhood environment study design and samples 

Only those respondents with street address data, located in the Perth metropolitan area, were 

included in this study. This reduced the cross-sectional pre-campaign sample of 1005 by 52% 

and post-campaign sample of 1002 by 63%. Cohort study respondents were sourced from the 

pre-campaign cross-sectional sample which reduced by 64% when confined to metropolitan 

residents with street address data who completed both cohort surveys. Only objective 

environmental variables were formally tested for significant interaction with campaign effects. 

 

Cross-sectional study 

A pre- and post-campaign cross-sectional study design was used sourcing demographic 

characteristics and outcome data from cross-sectional surveys 1 (n=484) and 2 (n=370), which 

were collected approximately 10 months apart.  

 

Cohort study 

Demographic, outcome and environmental perceptions data used in the cohort study were 

sourced from the pre-campaign cohort survey 1 and (post-media wave 4) cohort survey 3. A 

total of 363 respondents completed both surveys, collected approximately 12 months apart. 

 

5.3.2 Outcome variables 

Cognitive impact 

Cognitive impact measures were calculated in a hierarchy based on McGuire’s hierarchy of 

effects model (McGuire  1981). Figure 5.1 shows a hypothetical portrayal of the model 

highlighting that approximately half the population at each stage of the hierarchy will progress 

to the next stage. 
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Figure 5.1 Example of McGuire’s hierarchy of effects model 

 

Awareness 

Respondents to each survey were asked if they had seen a physical activity advertisement in 

the past three months, and if so, were asked to describe it. Those who described any of the 

Find Thirty every day advertisement scenarios were categorised as having unprompted 

awareness. Respondents were subsequently read a description of Find Thirty advertisement 

scenarios, and if they reported having seen it, they were categorised as having prompted 

recognition. Respondents with unprompted awareness or prompted recognition were 

combined to create a ‘total awareness’ group.  

 

Comprehension 

Those who were aware of the campaign were asked what they understood the message to 

mean and those with responses related to undertaking regular physical activity were 

categorised as having ‘comprehended’ the campaign messages.  

 

Acceptance 

Respondents who comprehended the message were asked how personally acceptable they 

found it, on a four point likert scale from ‘very acceptable’ to ‘not at all acceptable’. 
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Respondents who answered ‘very acceptable’ and ‘somewhat acceptable’ were categorised as 

‘accepting’ the message.  

 

Intention 

Respondents who accepted the campaign message were asked what thoughts they had, if any, 

about doing something related to the message. Those who expressed an intention about 

physical activity participation or who were taking preliminary steps, such as seeking further 

information or purchasing sports equipment, were categorised as having formed an intention.  

 

Action 

Finally, those with relevant intentions were asked what they actually did, if anything. 

Respondents who reported undertaking some physical activity were categorised as having 

taken action.  

 

Cognitive impact change variables for the cohort study 

Binary (yes/no) cognitive impact variables (awareness, comprehension, acceptance, intention 

and action), were used to create change variables with four categories of change: 

1. ‘Yes’ both pre- and post-campaign (no change – always yes) 

2. ‘No’ both pre- and post-campaign (no change – never yes) 

3. ‘Yes’ pre-campaign but ‘no’ post-campaign (decrease) 

4. ‘Yes’ post-campaign but ‘no’ pre-campaign (increase) 

 

Physical activity  

The frequency and duration of participating in at least 10 minutes of transport walking, overall 

walking, moderate activity (not including walking) and vigorous activity in the last seven days, 

were measured using  standard items from the adult state-wide physical activity (Rosenberg et 

al.  2010) and Active Australia (Australian Institute of Health and Welfare  2003) surveys.  

These are shown to have adequate reliability and validity (Brown et al.  2002; Brown et al.  

2004). Total weekly minutes were calculated by multiplying the frequency and duration of 

activity. Total physical activity minutes combined total walking, moderate- and vigorous-
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intensity activity minutes. Vigorous activity minutes were doubled to account for additional 

benefits of vigorous-intensity activity (Australian Institute of Health and Welfare  2003).  

 

Binary variables for cross-sectional study 

‘Any’ transport walking, overall walking and physical activity were dichotomised at none and 

>0 total minutes. Binary variables for ‘sufficient’ transport walking (yes/no), overall walking 

(yes/no) and physical activity (yes/no) were created by dichotomising the total minutes for 

that behaviour into ≥150 minutes and <150 minutes.  

 

Cohort study variables  

Continuous variables of change in days and minutes transport walking, sessions and minutes 

overall walking and minutes of total physical activity were created by subtracting pre-

campaign data from post-campaign data. Categorical change variables were then also created 

from these. A recent systematic review found that successful interventions increased walking 

for transport by up to 15-30 minutes and overall walking by up to 30-60 minutes (Ogilvie et al.  

2007). Based on this, and after examining the data, a minimum change of 30 and 60 minutes 

transport walking and 60 minutes overall walking were used as well as 60 minutes total 

physical activity in order to maintain adequate group sizes. The following categories were 

used: 

1. Those who increased their transport walking by 30 minutes (increase) 

2. Those who decreased their transport walking by 30 minutes (decrease) 

3. Those who changed their transport walking by less than 30 minutes (little to no 

change) 

4. Those who did no transport walking pre- or post-campaign (remained inactive) 

The same categories were created for overall walking and total physical activity using a 60 

minute change. 

 

5.3.3 Independent and moderator variables 

GIS variables 

Only environmental measures found to be consistently associated with physical activity or 

walking were investigated i.e., walkability and destination mix. Figure 5.2 summarises the 
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stages involved in preparing the objective environmental (GIS) variables. Using the 2009 Perth 

metropolitan area road network, provided by the Department of Transport, respondents’ 

homes were geocoded (i.e, spatially located) using their street address data. The list of 

addresses underwent a substantial cleaning stage to correct spelling and suffix abbreviations 

before the addresses could be geocoded using the GIS software geocode tool. Two walkability 

indices were created: a transport walkability index and recreational walkability index. Two 

destination mix scores were also created: one including only utilitarian destinations and one 

including both utilitarian and recreational (i.e., a ‘general destinations score’). Walkability and 

destination mix were measured at two scales, within a five minute walk (up to 400 metres) and 

within a 15 minute walk (up to 1600 metres) of home. The details of these variables are 

described in the next two sections.   

 

 

Figure 5.2 GIS environmental variables development stages  
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Walkability 

Walkability was calculated as the sum of the z-scores for dwelling density, street connectivity 

and land use mix, based on methodology by Frank et al. (2005). These three components were 

generated using an automated script tool in ArcGIS, version 9.3, developed by the GIS team at 

the Centre for the Built Environment and Health (CBEH) at The University of Western Australia. 

These components were measured at neighbourhood scales of 400m and 1600m street 

network distance from home based on other Western Australian studies (Christian et al.  2011; 

Giles-Corti et al.  2013; McCormack et al.  2008b). Dwelling density was measured as the 

number of dwellings per residential area. Street connectivity was measured as the number of 

three or more way intersections (nodes) using the road network (2009). Land use mix 

(heterogeneity of land uses in the area) and dwelling density were measured using a 2009 land 

use layer, created by a GIS analyst from two sources provided by the Western Australian Land 

Use Authority Landgate: (1) land tenure (taxation records) from the Valuer General’s Office; 

and (2) reserve vesting information.  Land use mix was calculated using the equation:   

                  n 

H = -1(∑ pi * ln(pi)) / ln(n) 
                                 i=1 

 

Where H is land use mix, pi is the proportion of the area covered by land use i as a proportion 

of the summed area for land use classes of interest (including i), n is the number of land use 

classes of interest. Two types of land use mix were considered, based on work by Christian and 

colleagues (2011) to create walking for transport and walking for recreation indices. The first 

included land use classes regarded as utilitarian in addition to residential land use, i.e., retail, 

offices, health/welfare/community and entertainment/culture/recreation. When combined 

with dwelling density and connectivity, this created a transport walkability index (Christian et 

al.  2011). The second type of land use mix variable included all land use classes from the 

transport walkability index with the addition of public open space and sporting infrastructure, 

which were regarded as recreational land uses. When combined with dwelling density and 

connectivity the resulting index is a recreational walkability index. The recreational index was 

selected for final analysis because greater emphasis was placed on recreational walking in the 

campaign. Due to issues of low environmental variability identified in previous studies (Sallis et 

al.  2009), the walkability index was dichotomised into quartiles so that high and low 

walkability could be compared, so quartile one was compared to quartiles two to four and 

quartile four was compared to quartiles one to three, in addition to splitting the data at the 

median. Categorical variables were chosen because the relationship between environmental 

features and some physical activities is not necessarily linear (Van Dyck et al.  2012) and 

therefore categorical variables are more appropriate. 
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Mix of destinations 

The second objective environmental measure examined was mix of destinations. This was 

measured by the number of various different types of destinations within the neighbourhood. 

Twelve utilitarian destination groups were created from selected destinations sourced from 

two databases developed by the GIS team at CBEH. The first was a database of destinations, 

2009, with initial data sourced from commercial listings purchased from Sensis Pty. Ltd which is 

responsible for the Yellow Pages telephone directory. The second was a database of Public 

Transport Stops (train, bus, ferry), cleaned and updated to 2009. Selection of destinations for 

this study was based on destinations identified in the literature to be associated with walking 

either individually or in a destination mix score i.e., convenience stores, grocery stores, 

newsagents, banks, shopping centres, post offices, child care centres, schools, fast food 

outlets, restaurants/public bars, train stations and bus stops (Cerin et al.  2007; Hoehner et al.  

2005; Lee & Moudon  2006a; Lee & Moudon  2006b; McCormack et al.  2008b; Moudon et al.  

2007). Much of the literature on destinations and walking is from the US and so equivalent 

destinations for the Perth context needed to be used. For example, in Perth there are few 

traditional convenience stores. Rather, petrol (gas) station shops and some general stores and 

delicatessens primarily serve this purpose. Appendix 3 summarises the recoding strategy 

applied to the destinations.  

The destination points were overlaid with the participants’ 400m and 1600m neighbourhood 

polygons, generated previously using the script tool for walkability. Spatial joins were applied 

to obtain counts of the number of each destination within the neighbourhood buffers. 

Destination variables were then merged with the survey data. For each destination, 

respondents were awarded a ‘1’ if the destination was present in the neighbourhood and ‘0’ if 

it was not. These 12 variables were then summed to calculate a utilitarian destinations score 

with a possible range of 0 to 12 destinations, for each buffer size. Utilitarian destinations were 

dichotomised at the median in the cross-sectional study and into tertiles in the cohort study. 

A general destinations score with up to 14 destinations was also created. The destinations 

included were based on the Leyden Walkability Instrument (Bias et al.  2010; Leyden  2003) 

used in the WV Walks survey (Chapter 6). Recreational destinations of parks (sourced from the 

CBEH GIS database) and community/recreation centres (from the Sensis data) were included 

as well as some utilitarian destinations. The Leyden Walkability Instrument also includes 

workplace as a fifteenth possible destination; however work address information was not 

collected in the Find Thirty survey in order to geocode. The different destinations included in 
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the utilitarian and general destination scores are listed in Table 5.1. General destination mix 

scores were dichotomised at the median.  

 

Table 5.1 Destinations included in utilitarian and general destination scores 

 Utilitarian destinations mix score General destinations mix score 
 

1. Bus stop 1. Place of worship 

2. Transit station 2. Parks 

3. Newsagent 3. Community / Recreation centre 

4. Grocery store 4. Grocery store 

5. Convenience store 5. Convenience store 

6. Shopping centre 6. Cinema 

7. Post office 7. Post office 

8. Bank 8. Bank 

9. School 9. School 

10. Child care centre 10. Child care centre 

11. Restaurant/Public bar 11. Café / restaurant 

12. Fast food outlet 12. Hotel / tavern 

 13. Library 

 14. Pharmacy 

 

Perceptions of the neighbourhood environment 

The Find Thirty every day survey measured a number of perceptions of the neighbourhood 

environment for physical activity sourced from the WA state-wide survey (Rosenberg et al.  

2010) and these are listed in Table 5.2. Each was asked with a five-point scale from strongly 

agree to strongly disagree. The responses of “Strongly disagree” and “Disagree” were 

categorised into “Disagree” and responses of “Strongly agree”, “Agree” and “Neutral” were 

categorised into “Agree”.  

 

Table 5.2 Neighbourhood environment perceptions items 

Survey item 

There aren’t many places nearby where I can be active 

I don’t know very much about the recreation facilities that are available near where I live 

I don’t know very much about the kinds of sporting clubs I could join in the area where I live 

I feel unsafe walking in my neighbourhood during the day 

I feel unsafe walking in my neighbourhood at night 

 

5.3.4 Statistical analyses 

All statistical analyses were conducted using Statistical Package for the Social Sciences (SPSS) 

version 17. Due to intermittent missing values on particular variables used, the number of 

respondents in the analyses varied a little in order to maximise sample sizes.  



 

66 
 

Cross-sectional study 

Chi-square tests were used to compare the demographic characteristics, cognitive impacts and 

behavioural impacts of respondents with and without address data.  Chi-square tests were also 

used to compare pre- and post-campaign data among respondents in the different categories 

for walkability, utilitarian destinations mix and general destination mix. Forced logistic 

regression was then used to examine pre- and post-campaign cognitive and behavioural 

impacts adjusting for socio-demographic factors and also test for significant interaction. An 

interaction term between time (pre- to post-campaign) and each of the GIS derived variables 

was tested for significance in an overall model for each outcome before a stratified approach 

was taken. The samples were stratified by environmental variables and the relationship 

between campaign impact and each of the 11 outcome variables was assessed in each 

stratum.  

 

Cohort study 

Those who changed from pre- to post-campaign were compared across groups for walkability, 

utilitarian destination mix, and neighbourhood environment perceptions using chi square 

tests. In a secondary analysis, chi-square tests were repeated for walkability among those 

insufficiently active (<150 minutes total physical activity) pre-campaign.  

Repeated measures general linear models were used to identify significant changes in days or 

sessions and minutes transport and overall walking. T-tests were used to identify significant 

differences across the general destination groups in pre-campaign mean days and minutes 

transport and overall walking and change in mean days and minutes walked, among the whole 

sample and specifically among those insufficiently walking pre-campaign. This analysis was 

done to make comparisons with findings for the destinations mix score in Chapter 6. 

Objective environmental measures (i.e., walkability and utilitarian and general destinations 

mix) were tested for significant interaction with campaign effect over time, on changes in days 

and minutes of transport walking and sessions and minutes of overall walking, using general 

linear models with repeated measures adjusting for gender, age and education. 
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5.4 RESULTS 

5.4.1 Cross-sectional study 

Differences between those with and without street address data 

Compared with others, respondents with street address data were more likely to live in a high 

SES area (in both pre- and post-campaign samples) and to have a combined household income 

of more than $100,000 (in the post-campaign sample only); however, there were no 

differences by gender, age group or education (Appendix 4). Of the cognitive impacts, post-

campaign awareness, comprehension and intention were significantly higher among those 

with, rather than without, address data but there were no significant differences for 

behavioural impacts. 

 

Sample characteristics 

Apart from household income, which was significantly higher among post-campaign 

respondents, there were no significant differences between pre- and post-campaign cross-

sectional samples (Table 5.3).  
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Table 5.3 Cross-sectional sample characteristics  

Characteristic Pre 
n=484 

% 

Post 
n=370 

% 

Gender   
Male 50.6 50.5 
Female 49.4 49.5 

   
Age group   

20-34 years 26.1 21.6 
35-45 years 36.4 40.0 
46-54 years 37.5 38.4 

   
Education   

Less than TEE 24.0 21.1 
TEE/Diploma 41.3 42.2 
University 34.7 36.8 

   
Socio-economic status (area level)   

Low 17.8 16.2 
Medium 33.3 30.8 
High 48.9 53.0 
   

Household income*   
Less than $50,000 22.7 14.1 
$50,000 - $100,000 39.0 41.1 
$100,001 or more 28.7 36.2 
Refused 9.5 8.6 
   

Walkability within 400m   
Lower 75.0 75.1 
High 25.0 24.9 
   

Walkability within 1600m   
Lower 75.0 75.1 
High 25.0 24.9 
   

Mix of different utilitarian  
destinations within 400m 

  

One or less 30.2 33.8 
Two or more 69.8 66.2 
   

Mix of different utilitarian  
destinations within 1600m 

  

Seven or less 50.0 53.0 
Eight or more 50.0 47.0 
   

Mix of different general  
destinations within 400m 

  

One or less 70.7 71.1 
Two or more 29.3 28.9 
   

Mix of different general  
destinations within 1600m 

  

Seven or less 46.7 50.8 
Eight or more 53.3 49.2 

*p<0.05 
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Cognitive impacts 

About half the sample was aware of the campaign at post-test, 40% both comprehended and 

accepted the campaign message, 20% formed a relevant intention and nearly 13% took action 

(Table 5.4). In the overall samples, the proportions showing campaign awareness, message 

comprehension and acceptance, behavioural intention to act and action were significantly 

higher (p<0.05) post-campaign than pre-campaign. 

 

Moderation 

Table 5.4 shows the unadjusted cognitive impact results stratified by walkability, utilitarian 

destination mix and general destination mix and Table 5.5 shows the stratified results adjusted 

for gender, age and education as well as the interaction p-values from the overall adjusted 

models. In the 1600m neighbourhood buffer the cognitive impact odds ratios were 

consistently higher among adults living in high walkable (OR range = 2.79-4.31) compared with 

lower walkable (OR range = 2.00-2.45) neighbourhoods, however the difference was not 

significant, as indicated by the interaction term p-value (Table 5.5, page 71). Notably, the odds 

of comprehending the message and taking action post-campaign were around four times 

higher than pre-campaign, among those in high walkable neighbourhoods, and only twice as 

high among those in lower walkable neighbourhoods. In the 400m neighbourhood buffer, 

cognitive impact odds ratios for high and lower walkability were similar. 

Cognitive impact adjusted odds ratios were consistently higher among those with one or less 

different utilitarian destinations within 400m of home compared with those with two or more 

and this difference was significant for acceptance of the campaign message (Table 5.5, page 

71). However, cognitive impact was similar in those with eight or more compared with those 

with seven or less utilitarian destinations within 1600m. 

While for the other cognitive impacts, odds ratios were similar between those with a mix of 

two or more versus one or less general destinations within 400m, the odds ratio for action was 

nearly six times significantly larger (interaction term p-value = 0.002). Results were similar for 

general destinations within 1600m but the difference between destination groups for action 

was not as large and not significant (Table 5.5, page 72). 
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     Table 5.4 Unadjusted cognitive impacts  

 Awareness Comprehension Acceptance Intention Action 

 Pre Post p Pre Post p Pre Post p Pre Post p Pre Post p 

 n=484 n=370  n=484 n=370  n=484 n=370  n=484 n=370  n=484 n=370  
 % %  % %  % %  % %  % %  

Overall 32.6 50.5 <0.001 24.0 41.9 <0.001 23.6 40.8 <0.001 11.6 22.2 <0.001 5.2 12.7 <0.001 

Walkability within 400m                
Lower 33.3 49.6 <0.001 24.5 42.1 <0.001 24.0 41.0 <0.001 12.7 23.0 0.001 5.0 12.9 <0.001 
High 30.6 53.3   0.001 22.3 41.3   0.003 22.3 40.2   0.005 8.3 19.6 0.016 5.8 12.0   0.109 
p-value 0.576 0.547  0.623 0.895  0.711 0.894  0.189 0.489  0.722 0.804  

Walkability within 1600m                
Lower 34.4 50.4 <0.001 25.9 41.4 <0.001 25.3 40.6 <0.001 12.9 23.4 0.001 5.5 12.2 0.002 
High 27.3 51.1 <0.001 18.2 43.5 <0.001 18.2 41.3 <0.001 7.4 18.5 0.015 4.1 14.1 0.009 
p-value 0.146 0.904  0.085 0.722  0.108 0.912  0.101 0.326  0.553 0.635  

Mix of different utilitarian  
destinations within 400m  

               

One or less 28.8 52.8 <0.001 19.2 44.8 <0.001 18.5 44.8 <0.001 7.5 21.2 <0.001 3.4 16.8 <0.001 
Two or more 34.3 49.4 <0.001 26.0 40.4 <0.001 25.7 38.8   0.001 13.3 24.0 0.011 5.9 10.6   0.038 
p-value  0.232 0.535  0.105 0.418  0.085 0.265  0.068 0.543  0.255 0.091  

Mix of different utilitarian  
destinations within 1600m 

               

Seven or less 33.5 51.5 <0.001 24.4 42.3 <0.001 23.6 40.8 <0.001 11.2 23.0 0.001 3.3 12.8 <0.001 
Eight or more 31.8 49.4 <0.001 23.6 41.4 <0.001 23.6 40.8 <0.001 12.0 21.3 0.011 7.0 12.6 0.052 
p-value 0.698 0.686  0.831 0.851  1.00 0.998  0.776 0.695  0.065 0.974  

Mix of different general 
destinations within 400m 

               

One or less 30.1 50.2 <0.001 21.9 42.6 <0.001 21.3 41.4 <0.001 9.9 23.2 <0.001 3.2 14.4 <0.001 
Two or more 38.7 51.4   0.046 28.9 40.2   0.062 28.9 39.3   0.085 15.5 19.6   0.393 9.9 8.4   0.696 
p-value 0.066 0.833  0.103 0.672  0.076 0.697  0.082 0.454  0.003 0.114  

Mix of different general 
destinations within 1600m 

               

Seven or less 34.1 51.6 <0.001 24.3 42.6 <0.001 23.9 41.0 <0.001 11.5 22.9 0.002 4.4 13.8 0.001 
Eight or more 31.4 49.5 <0.001 23.6 41.2 <0.001 23.3 40.7 <0.001 11.6 21.4 0.005 5.8 11.5 0.031 
p-value 0.531 0.680  0.859 0.793  0.869 0.953  0.966 0.738  0.491 0.508  

     Bolded values indicate p<0.05. 
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Table 5.5 Adjusted odds ratios for cognitive impacts 

  Awareness  Comprehension  Acceptance  Intention  Action 

  Pre Post   Pre Post   Pre Post   Pre Post   Pre Post  

  OR  Interaction  

p-value  

OR (95% CI) 

p  OR Interaction  

p-value  

OR (95% CI) 

p  OR Interaction  

p-value  

OR (95% CI) 

p  OR Interaction  

p-value  

OR (95% CI) 

p  OR Interaction  

p-value  

OR (95% CI) 

p 

Walkability 

within 400m 

  

p=0.422 

    

p=0.834 

    

p=0.895 

    

p=0.615 

    
p=0.619 

 

Lower  1.00 2.05 
(1.48,2.84) 

<0.001  1.00 2.30 
(1.63,3.23) 

<0.001  1.00 2.26 
(1.60,3.18) 

<0.001  1.00 2.16 
(1.41,3.29) 

<0.001  1.00 2.89 
(1.60,5.23) 

<0.001 

High  1.00 2.68 
(1.51,4.75) 

0.001  1.00 2.47 
(1.35,4.52) 

0.003  1.00 2.37 
(1.29,4.34) 

0.005  1.00 2.66 
(1.14,6.20) 

0.023  1.00 2.15 
(0.78,5.90) 

0.138 

Walkability 

within 1600m 

  
p=0.262 

    
p=0.134 

    
p=0.219 

    
p=0.583 

    
p=0.450 

 

Lower  1.00 2.00 
(1.45,2.77) 

<0.001  1.00 2.06 
(1.47,2.90) 

<0.001  1.00 2.06 
(1.47,2.90) 

<0.001  1.00 2.16 
(1.42,3.29) 

<0.001  1.00 2.45 
(1.37,4.38) 

0.003 

High  1.00 3.05 
(1.69,5.53) 

<0.001  1.00 3.96 
(2.07,7.59) 

<0.001  1.00 3.52 
(1.85,6.71) 

<0.001  1.00 2.79 
(1.17,6.67) 

<0.001  1.00 4.31 
(1.44,12.90) 

0.009 

Utilitarian 

destinations 

within 400m 

   

 

p=0.192 

    

 

p=0.079 

    

 

p=0.043 

    

 

p=0.066 

    
 

p=0.057 

 

One or less 1.00 3.08  
(1.83,5.20) 

<0.001  1.00 3.66 
(2.09,6.40) 

<0.001  1.00 3.85 
(2.19,6.77) 

<0.001  1.00 4.06 
(1.91,8.63) 

<0.001  1.00 6.21 
(2.23,17.35) 

<0.001 

Two or more 1.00 1.93  
(1.37,2.71) 

<0.001  1.00 1.96 
(1.37,2.80) 

<0.001  1.00 1.86 
(1.30,2.66) 

0.001  1.00 1.78 
(1.14,2.78) 

0.011  1.00 1.87 
(1.02,3.45) 

0.044 

Utilitarian 

destinations 

within 1600m 

  
 

p=0.781 

    
 

p=0.863 

    
 

p=0.860 

    
 

p=0.520 

    
 

p=0.112 

 

Seven or less 1.00 2.22 
(1.49,3.30) 

<0.001  1.00 2.33 
(1.54,3.53) 

<0.001  1.00 2.28 
(1.50,3.46) 

<0.001  1.00 2.60 
(1.52,4.44) 

0.001  1.00 4.45 
(1.94,10.24) 

<0.001 

Eight or more 1.00 2.08 
(1.38,3.12) 

<0.001  1.00 2.25 
(1.46,3.46) 

<0.001  1.00 2.20 
(1.43,3.38) 

<0.001  1.00 1.92 
(1.12,3.28) 

0.018  1.00 1.82 
(0.93,3.57) 

 0.082 
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Table 5.5 Continued                

  Awareness  Comprehension  Acceptance  Intention  Action 

  Pre Post   Pre Post   Pre Post   Pre Post   Pre Post  

  OR  Interaction  

p-value  

OR (95% CI) 

p  OR Interaction  

p-value  

OR (95% CI) 

p  OR Interaction  

p-value  

OR (95% CI) 

p  OR Interaction  

p-value  

OR (95% CI) 

p  OR Interaction  

p-value  

OR (95% CI) 

p 

General 
destinations 
within 400m 

  
 

p=0.352 

    
 

p=0.206 

    
 

p=0.184 

    
 

p=0.126 

    
 

p=0.002 

 

One or less 1.00 2.43 
(1.73,3.41) 

<0.001  1.00 2.66 
(1.86,3.80) 

<0.001  1.00 2.62 
(1.83,3.75) 

<0.001  1.00 2.77 
(1.75,4.38) 

<0.001  1.00 5.25 
(2.62,10.53) 

<0.001 

Two or more 1.00 1.76 
(1.04,2.96) 

0.034  1.00 1.74 
(1.01,2.99) 

0.046  1.00 1.69 
(0.98,2.91) 

0.061  1.00 1.49 
(0.75,2.93) 

0.253  1.00 0.88 
(0.36,2.16) 

0.781 

General 

destinations 

within 1600m 

 
 
 

p=0.981 

   
 
 

p=0.878 

   
 
 

p=0.996 

   
 
 

p=0.743 

   
 
 

p=0.303 

 

Seven or less 1.00 2.16 
(1.44,3.24) 

<0.001  1.00 2.33 
(1.53,3.57) 

<0.001  1.00 2.24 
(1.46,3.43) 

<0.001  1.00 2.45 
(1.42,4.23) 

0.001  1.00 3.64 
(1.69,7.84) 

0.001 

Eight or more 1.00 2.13 
(1.43,3.16) 

<0.001  1.00 2.25 
(1.48,3.42) 

<0.001  1.00 2.25 
(1.48,3.43) 

<0.001  1.00 2.05 
(1.21,3.47) 

0.008  1.00 2.03 
(1.01,4.09) 

0.048 

      Odds ratio and 95% confidence interval are adjusted for gender, age group and education. Bolded values indicate p<0.05. 
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Behavioural impacts 

In overall samples, post-campaign, most respondents reported doing some transport walking 

(67%), overall walking (85%) and total physical activity (90%) (Table 5.6). A total of 33% met 

Australian guidelines for physical activity through transport walking and 45% through overall 

walking post-campaign. Generally, fewer respondents participated in transport walking (any or 

sufficient), overall walking and total physical activity post-campaign than pre-campaign. 

However, achieving sufficient levels of activity through total physical activity were significantly 

higher post-campaign.  

 

Moderation 

As shown in the unadjusted results in Table 5.6, among respondents in lower-walkable 

neighbourhoods within 1600m, the proportion participating in any transport walking was 

significantly higher pre-campaign than post-campaign; while participating in sufficient physical 

activity was significantly higher post-campaign. No significant differences between pre- and 

post-campaign were observed among respondents in high walkable neighbourhoods (Table 

5.6) and these relationships remained after adjustment (Table 5.7). Results for walkability 

within 400m were similar but only the positive association between sufficient physical activity 

and time among the lower walkable group was significant (Tables 5.6 and 5.7). 

Two significant interaction terms were observed between time and destination mix within 

1600m (Table 5.7). Utilitarian destination mix and general destination mix within 1600m 

significantly negatively interacted with time, on the relationship with sufficient overall walking 

(Table 5.7, pages 75 and 76). While the positive odds ratio for campaign effect on sufficient 

physical activity was only significant in respondents with a mix of seven or less utilitarian or 

general destinations within 1600m (Table 5.7, pages 75 and 76), it was only significant in 

respondents with a mix of two or more utilitarian destinations within 400m (Table 5.7, page 

75).  
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Table 5.6 Unadjusted behavioural impacts 

  Any transport walking Sufficient transport 
walking 

Any overall walking Sufficient overall 
walking 

Any total physical 
activity 

Sufficient total 
physical activity 

  Pre Post p Pre Post p Pre Post p Pre Post p Pre Post p Pre Post p 

  n=468 n=361  n=468 n=361  n=483 n=336  n=483 n=366  n=484 n=370  n=484 n=370  
  % %  % %  % %  % %  % %  % %  

Overall  73.7 67.3 0.044 36.1 33.0 0.345 87.2 84.7 0.304 39.8 44.8 0.139 93.0 90.5 0.196 62.2 70.3 0.014 

Walkability within 400m                   
Lower  73.4 67.6 0.118 36.5 33.8 0.481 87.1 84.3 0.325 40.2 46.4 0.122 93.1 89.9 0.147 62.0 71.6 0.011 
High  74.8 66.3 0.185 34.8 30.3 0.503 87.5 85.9 0.728 38.3 40.2 0.781 92.6 92.4 0.963 62.8 66.3 0.598 
p-value  0.765 0.813  0.733 0.544  0.899 0.719  0.714 0.306  0.837 0.484  0.871 0.337  

Walkability within 1600m                   
Lower  74.6 67.3 0.046 36.6 33.5 0.420 87.6 84.8 0.310 39.8 43.1 0.396 92.8 91.0 0.396 62.0 69.8 0.040 
High  71.2 67.4 0.559 34.7 31.5 0.620 86.0 84.4 0.760 39.7 50.0 0.135 93.4 89.1 0.268 62.8 71.7 0.171 
p-value  0.470 0.981  0.721 0.728  0.645 0.938  0.983 0.254  0.837 0.594  0.871 0.722  

Mix of different utilitarian  
destination within 400m  

                  

One or less  72.7 66.4 0.263 40.6 32.0 0.148 86.2 88.0 0.662 40.0 44.8 0.426 93.2 92.8 0.910 65.1 69.6 0.428 
Two or more  74.2 67.8 0.098 34.2 33.5 0.866 87.6 83.0 0.121 39.6 44.8 0.214 92.9 89.4 0.135 60.9 70.6 0.016 
p-value   0.747 0.790  0.184 0.773  0.681 0.207  0.942 0.998  0.921 0.289  0.391 0.840  

Mix of different utilitarian  
destinations within 1600m 

                  

Seven or less  73.8 65.4 0.061 32.2 35.1 0.530 86.3 83.5 0.415 33.6 46.9 0.005 93.0 89.3 0.173 57.0 68.9 0.011 
Eight or more  73.6 69.4 0.353 40.0 30.6 0.052 88.0 86.0 0.554 45.9 42.4 0.489 93.0 92.0 0.696 67.4 71.8 0.328 
p-value  0.960 0.423  0.079 0.365  0.574 0.500  0.006 0.391  1.00 0.381  0.019 0.534  

Mix of different general 
destinations within 400m  

                  

One or less  73.5 68.1 0.151 34.3 33.5 0.824 86.5 84.7 0.524 39.9 46.0 0.134 92.4 90.9 0.500 62.0 68.8 0.081 
Two or more  74.3 65.4 0.135 40.4 31.7 0.165 88.7 84.8 0.358 39.4 41.9 0.696 94.4 89.7 0.172 62.7 73.8 0.063 
p-value  0.863 0.619  0.212 0.751  0.506 0.983  0.927 0.479  0.440 0.731  0.887 0.339  

Mix of different general 
destinations within 1600m 

                  

Seven or less  74.1 65.0 0.048 33.2 36.1 0.544 85.3 83.4 0.594 32.0 46.0 0.004 92.0 89.4 0.348 54.4 69.1 0.002 
Eight or more  73.4 69.7 0.399 38.7 29.8 0.057 88.8 86.0 0.394 46.5 43.6 0.544 93.8 91.8 0.410 69.0 71.4 0.583 
p-value  0.863 0.348  0.214 0.204  0.261 0.488  0.001 0.643  0.449 0.431  0.001 0.631  

Bolded values indicate p<0.05.
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Table 5.7 Adjusted odds ratios for behavioural impacts 

  Any transport walking  Sufficient transport 
walking 

 Any overall walking  Sufficient overall walking  Any total physical activity  Sufficient total physical 
activity 

  Pre Post   Pre Post   Pre Post   Pre Post   Pre Post   Pre Post  

  OR Interaction  

p-value  

OR (95%CI) 

p  OR Interaction  

p-value  

OR (95%CI) 

p  OR Interaction 

     p-value 

OR (95%CI) 

p  OR Interaction  

p-value  

OR (95%CI) 

p  OR Interaction  

p-value  

OR (95%CI) 

p  OR Interaction  

p-value  

OR (95%CI) 

p 

Walkability
 

within 400m 
  

p=0.636 
    

p=0.846 
    

p=0.905 
    

p=0.627 
    

p=0.566 
    

p=0.367 
 

Lower  1.00 0.77 
(0.54,1.09) 

0.140  1.00 0.88 
(0.63,1.24) 

0.470  1.00 0.80 
(0.51,1.26) 

0.328  1.00 1.29 
(0.94,1.78) 

0.116  1.00 0.67 
(0.38,1.18) 

0.162  1.00 1.60 
(1.14,2.26) 

0.007 

High  1.00 0.55 
(0.29,1.05) 

0.070  1.00 0.77 
(0.42,1.41) 

0.396  1.00 0.86 
(0.39,1.94) 

0.723  1.00 1.162 
(0.66,2.05) 

0.606  1.00 0.96 
(0.34,2.70) 

0.934  1.00 1.18 
(0.66,2.10) 

0.579 

Walkability 
within 1600m 

  
p=0.616 

    
p=0.892 

    
p=0.916 

    
p=0.473 

    
p=0.580 

    
p=0.949 

 

Lower  1.00 0.69 
(0.49,0.99) 

0.041  1.00 0.87 
(0.62,1.22) 

0.428  1.00 0.80 
(0.50,1.27) 

0.341  1.00 1.17 
(0.85,1.61) 

0.346  1.00 0.76 
(0.43,1.34) 

0.342  1.00 1.46 
(1.04,2.05) 

0.027 

High  1.00 0.82 
(0.44,1.51) 

0.516  1.00 0.86 
(0.48,1.56) 

0.624  1.00 0.80 
(0.36,1.76) 

0.574  1.00 1.56 
(0.89,2.76) 

0.122  1.00 0.58 
(0.21,1.62) 

0.297  1.00 1.54 
(0.84,2.82) 

0.163 

Utilitarian 
destinations 
within 400m 

  
 

p=0.913 

    
 

p=0.263 

    
 

p=0.214 

    
 

p=0.961 

    
 

p=0.449 

    
 

p=0.521 

 

One or less  1.00 0.77 
(0.45,1.32) 

0.340  1.00 0.66 
(0.39,1.10) 

0.110  1.00 1.18 
(0.57,2.46) 

0.657  1.00 1.28 
(0.78,2.09) 

0.333  1.00 1.02 
(0.40,2.64) 

0.961  1.00 1.32 
(0.78,2.23) 

0.308 

Two or more 1.00 0.72 
(0.50,1.05) 

0.084  1.00 0.97 
(0.68,1.38) 

0.867  1.00 0.677 
(0.421,1.09) 

0.109  1.00 1.25 
(0.89,1.74) 

0.203  1.00 0.63 
(0.35,1.14) 

0.127  1.00 1.56 
(1.09,2.23) 

0.015 

Utilitarian 
destinations 
within 1600m 

  
 

p=0.615 

    
 

p=0.079 

    
 

p=0.940 

    
 

p=0.020 

    
 

p=0.542 

    
 

p=0.427 

 

Seven or less 1.00 0.68 
(0.45,1.04) 

0.077  1.00 1.12 
(0.75,1.69) 

0.581  1.00 0.80 
(0.47,1.37) 

0.417  1.00   1.75 
(1.18,2.59) 

0.005  1.00 0.63 
(0.32,1.25) 

0.185  1.00 1.67 
(1.11,2.50) 

0.013 

Eight or more 1.00 0.78 
(0.50,1.22) 

0.283  1.00 0.67 
(0.44,1.03) 

0.066  1.00 0.82 
(0.45,1.49) 

0.507  1.00  0.90 
(0.61,1.35) 

0.617  1.00 0.85 
(0.40,1.79) 

0.665  1.00 1.34 
(0.87,2.08) 

0.186 
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Table 5.7 Continued                      

 Any transport walking  Sufficient transport 
walking 

 Any overall walking  Sufficient overall walking  Any total physical 
activity 

 Sufficient total physical 
activity 

Pre Post   Pre Post   Pre Post   Pre Post   Pre Post   Pre Post  

OR Interaction  

p-value  

OR (95%CI) 

p  OR Interaction 

p-value 

OR (95%CI) 

p  OR Interaction  

p-value  

OR (95%CI) 

p  OR Interaction  

p-value  

OR (95%CI) 

p  OR Interaction  

p-value  

OR (95%CI) 

p  OR Interaction  

p-value  

OR (95%CI) 

p 

General 
destinations 
within 400m 

  
 

p=0.706 

    
 

p=0.276 

    
 

p=0.903 

    
 

p=0.661 

    
 

p=0.514 

    
 

p=0.525 

 

One or less 1.00 0.76 
(0.53,1.09) 

0.138  1.00 0.95 
(0.67,1.35) 

0.788  1.00 0.83 
(0.52,1.33) 

0.439  1.00 1.29 
(0.93,1.80) 

0.125  1.00 0.82 
(0.46,1.47) 

0.501  1.00 1.40 
(0.99,1.98) 

0.059 

Two or more 1.00 0.66 
(0.37,1.16) 

0.149  1.00 0.66 
(0.38,1.13) 

0.129  1.00 0.79 
(0.36,1.72) 

0.550  1.00 1.10 
(0.65,1.86) 

0.714  1.00 0.50 
(0.19,1.34) 

0.169  1.00 1.75 
(0.99,3.09) 

0.053 

General 
destinations 
within 1600m 

  
 

p=0.503 

    
 

p=0.089 

    
 

p=0.802 

    
 

p=0.017 

    
 

p=0.996 

    
 

p=0.096 

 

Seven or less 1.00 0.66 
(0.43,1.01) 

0.055  1.00 1.12 
(0.74,1.69) 

0.606  1.00 0.87 
(0.51,1.49) 

0.612  1.00 1.83 
(1.22,2.75) 

0.004  1.00 0.75 
(0.38,1.48) 

0.402  1.00 1.94 
(1.28,2.94) 

0.002 

Eight or more 1.00 0.80 
(0.52,1.23) 

0.310  1.00 0.69 
(0.45,1.04) 

0.074  1.00 0.77 
(0.43,1.40) 

0.397  1.00 0.92 
(0.63,1.36) 

0.684  1.00 0.72 
(0.34,1.51) 

0.384  1.00 1.16 
(0.76,1.78) 

0.483 

Odds ratio and 95% confidence interval are adjusted for gender, age group and education. Bolded values indicate p<0.05.  
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5.4.2 Cohort study 

Cohort sample demographic characteristics 

The sample consisted of equal numbers of males and females and over 75% were adults over 

35 years of age (Table 5.8). More than one third of respondents had a university education and 

about one half lived in a high socio-economic area. About 20% of the sample had a household 

income below $50,000. 

 

Table 5.8 Cohort samples demographic characteristics  

Characteristic n=363 
% 

Gender  
Male 49.6 
Female 50.4 

  
Age group  

20-34 years 19.6 
35-45 years 37.7 
46-54 years 42.7 

  
Education  

Less than TEE 22.3 
TEE/Diploma 39.7 
University 38.0 

  
Socio-economic status (area level)  

Low 17.4 
Medium 32.5 
High 50.1 
  

Household income  
Less than $50,000 19.3 
$50,000 - $100,000 38.8 
$100,001 or more 33.9 
Refused 8.0 

 

Cognitive and behavioural impacts 

Approximately 22% of cohort study respondents became aware of Find Thirty every day from 

pre- to post-campaign, and also comprehended and accepted the campaign message (Table 

5.9). About half this proportion (12%) formed a relevant intention and 5% took action. 

Overall, Find Thirty respondents walked for transport an average of 3.2 days and 188 minutes 

and walked for any purpose an average of 5.7 times and 174 minutes pre-campaign (Table 

5.9). On average respondents did not increase the number days walked for transport (mean 

change = 0.01 days) and change in minutes decreased non-significantly among the overall 
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sample (mean change = -26 minutes). Those insufficiently walking pre-campaign increased 

their walking by 0.4 days and by six minutes (not significant). Overall walking increased non-

significantly by 0.1 sessions but significantly by 30 minutes among the overall sample and 

significantly by 1.2 days and by 90 minutes among those insufficiently walking pre-campaign. 

 

Moderation 

There were few significant differences in change in campaign cognitive or behavioural impact 

from pre- to post-campaign across walkability, utilitarian destination mix and perceptions of 

the environment (Appendix 5 – 17). Sample size meant that for most chi-square tests that 

identified significant differences, there were cell sizes less than five, thereby violating the chi-

square test requirement. The one exception to this was for walkability and a 60 minute 

increase in transport walking (Appendix 7) where significantly more of the ‘non-changers’ (a 

change of less than 60 minutes) were in the higher walkability group .   

Tables 5.10 and 5.11 show the results of means tests conducted on continuous outcome 

variables for the general destinations score. There were few statistically significant differences 

in walking outcomes across destination categories. While the number of days walked pre-

campaign was significantly higher in those with two or more compared with one or less 

general destinations within 400m, change in days walked among insufficient walkers was non-

significantly higher for those with fewer destinations (Table 5.10). Similarly, while pre-

campaign minutes of overall walking were non-significantly higher in those with two or more 

general destinations within 400m, insufficient walkers with one or less general destinations 

increased their minutes of overall walking significantly more. This pattern was also observed in 

comparisons of minutes of overall walking between respondents with eight or more and seven 

or less general destinations within 1600m, though the differences were not significant (Table 

5.11). The interaction terms between campaign effect over time and objective environmental 

variables of walkability and destinations mix (both utilitarian and general) were not significant 

in any of the overall general linear models. 
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Table 5.9 Cognitive and behavioural impacts 

Characteristic n=363 
% / Mean (SD) 

Total awareness  
Always aware 17.1 
Never aware 45.2 
Aware pre- but not post-campaign 15.2 
Aware post- but not pre-campaign 22.6 

  
Comprehension  

Comprehended at both time points 12.4 
Did not comprehend at either time point 54.3 
Comprehended pre- but not post-campaign 11.0 
Comprehended post- but not pre-campaign 22.3 

  
Acceptance  

Accepted message at both time points 12.1 
Did not accept at either time point 54.5 
Accepted pre- but not post-campaign 11.0 
Accepted post- but not pre-campaign 22.3 

  
Intention  

Intention at both time points 3.6 
No intention at either time point 76.6 
Intention pre- but not post-campaign 7.7 
Intention post- but not pre-campaign 12.1 
  

Action  
Took action at both time points 1.4 
Took no action at either time point 89.0 
Took action pre- but not post-campaign 4.1 
Took action post- but not pre-campaign 5.5 
  

Pre-campaign days transport walking 3.2 (2.6) 
  
Pre-campaign minutes transport walking 187.5 (257.3) 
  
Change in days transport walking 0.01 (3.10) 
  
Change in minutes transport walking -26.3 (316.88) 
  
Change in days transport walking among those 
insufficiently walking pre-campaign 

0.35 (3.07) 

  
Change in minutes transport walking among 
those insufficiently walking pre-campaign 

6.4 (262.2) 

  
Change of 30 minute transport walking   

Increase of 30 minutes or more  33.6 
Decrease of 30 minutes  or more  38.3 
A change of less than 30 minutes 16.0 
No participation at either time point 12.1 

  
Change of 60 minute transport walking  

Increase of 60 minutes or more  28.7 
Decrease of 60 minutes  or more  32.0 
A change of less than 60 minutes 27.3 
No participation at either time point 12.1 
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Characteristic n=363 
% / Mean (SD) 

Pre-campaign sessions overall walking 5.7 (6.4) 
  
Pre-campaign minutes overall walking 173.8 (205.4) 
  
Change in sessions overall walking 0.06 (7.3) 
  
Change in minutes overall walking 28.8 (236.4) 
  
Change in sessions overall walking among those 
insufficiently walking pre-campaign 

1.2 (5.6) 

  
Change in minutes transport walking among 
those insufficiently walking pre-campaign 

91.8 (177.3) 

  
Change of 60 minute overall walking  

Increase of 60 minutes or more  36.6 
Decrease of 60 minutes  or more  24.5 
A change of less than 60 minutes 35.3 
No participation at either time point 2.8 

  
Change of 60 minute total physical activity  

Increase of 60 minutes or more  46.6 
Decrease of 60 minutes  or more  36.1 
A change of less than 60 minutes 16.5 
No participation at either time point 0.8 
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Table 5.10 Find Thirty every day sessions and minutes transport and overall walking by 

general destinations mix score (within 400m neighbourhood) 

  Mix of different general destinations within 400m neighbourhood  

  One or less Two or more   

  n Mean (SD) n Mean (SD)  p 

Days transport walking        
        
Pre-campaign days transport 
walking 

 261 2.97 (2.54) 99 3.70 (2.58)  0.016 

Change in days transport 
walking 

 260 0.17 (2.99) 98 -0.39 (3.34)  0.132 

Change in days transport 
walking among those 
insufficiently walking  pre-
campaign 

 166 0.47 (3.12) 58 0.02 (2.93)  0.335 

        
Minutes transport walking        
        
Pre-campaign transport 
walking minutes 

 264 175.81 (258.71) 99 218.79 (252.13)  0.157 

Change in transport walking 
minutes 

 264 -6.48 (317.39) 99 -79.14 (310.95)  0.052 

Change in transport walking 
minutes among those 
insufficiently walking pre-
campaign 

 168 19.29 (267.93) 58 -31.03 (243.40)  0.208 

        
Sessions overall walking        
        
Pre-campaign sessions overall 
walking  

 263 5.70 (6.58) 99 5.67 (6.10)  0.969 

Change in sessions overall  
walking 

 262 -0.01 (7.47) 98 0.24 (7.00)  0.768 

Change in sessions overall 
walking among those 
insufficiently walking pre-
campaign 

 167 1.16 (5.81) 57 1.35 (4.93)  0.826 

        
Minutes overall walking        
        
Pre-campaign overall walking 
minutes 

 263 167.22 (207.69) 99 191.11 (199.22)  0.325 

Change in overall walking 
minutes 

 262 34.83 (246.39) 98 12.81 (207.83)  0.432 

Change in overall walking 
minutes among those 
insufficiently walking pre-
campaign 

 167 103.77 (196.92) 57 56.84 (92.72)  0.017 

Bolded values indicate p<0.05 between destinations groups. 
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Table 5.11 Find Thirty every day sessions and minutes transport and overall walking by 

general destinations mix score (within 1600m neighbourhood) 

  Mix of different general destinations within 1600m neighbourhood  

  Seven or less Eight or more   

  n Mean (SD) n Mean (SD)  p 

Days transport walking        
        
Pre-campaign days transport 
walking 

 162 3.06 (2.52) 198 3.25 (2.61)  0.484 

Change in days transport 
walking 

 162 -0.10 (3.08) 196 0.11 (3.12)  0.532 

Change in days transport 
walking among those 
insufficiently walking  pre-
campaign 

 112 0.09 (3.09) 112 0.62 (3.04)  0.200 

        
Minutes transport walking        
        
Pre-campaign transport 
walking minutes 

 163 184.85 (268.39) 200 189.72 (248.55)  0.858 

Change in transport walking 
minutes 

 163 -32.10 (319.48) 200 -21.57 (315.47)  0.753 

Change in transport walking 
minutes among those 
insufficiently walking pre-
campaign 

 112 1.71 (273.48) 114 10.96 (251.85)  0.792 

        
Sessions overall walking        
        
Pre-campaign sessions overall 
walking  

 162 5.62 (7.16) 200 5.74 (5.81)  0.864 

Change in sessions overall  
walking 

 162 0.01 (9.12) 198 0.10 (5.49)  0.903 

Change in sessions overall 
walking among those 
insufficiently walking pre-
campaign 

 112 1.19 (6.86) 112 1.23 (3.98)  0.953 

        
Minutes overall walking        
        
Pre-campaign overall walking 
minutes 

 163 153.89 (195.23) 200 189.85 (212.40)  0.098 

Change in overall walking 
minutes 

 162 45.12 (238.68) 198 15.51 (234.35)  0.238 

Change in overall walking 
minutes among those 
insufficiently walking pre-
campaign 

 112 107.05 (198.72) 112 76.61 (152.37)  0.200 
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5.5 ASSESSING WALKING OUTCOME VARIABLES USING ANOTHER PERTH 

DATASET: THE RESIDE STUDY 

 

5.5.1 Introduction 

The analysis of the Find Thirty every day self-reported walking variables showed a lack of 

consistent association with the environmental data, which is in contrast to much of the literature 

(Saelens & Handy  2008). Two explanations for this were considered. First, the walking survey 

items specify a 10 minute minimum trip duration for walking which may exclude short walking 

trips. This is particularly relevant for transport walking for individuals with nearby destinations. 

The second explanation is that because the items did not specify walking in the neighbourhood we 

captured walking in other contexts (for example, near the workplace) and therefore 

neighbourhood walkability is not relevant to that walking. To investigate both of these 

possibilities, self-reported walking data linked with objectively measured walkability were sought 

from the RESIDential Environments project (RESIDE) (Giles-Corti et al.  2007; Giles-Corti et al.  

2008). The longitudinal RESIDE survey uses the Neighbourhood Physical Activity Questionnaire 

(NPAQ) walking items (Giles-Corti et al.  2006) which ask the frequency and duration of transport 

and recreational walking in a usual week, without specifying a 10 minute minimum trip duration, 

in the separate contexts of in and outside the neighbourhood. Although using a different sample, 

the specific behavioural data available allowed for exploration of the research questions. The aim 

of this chapter section was to adapt RESIDE baseline survey walking data in order to compare the 

associations with walkability for: 

1. Any walking including trips less than 10 minutes versus any walking for at least 10 

minutes; and  

2. Any walking ‘in the neighbourhood’ versus any walking ‘in or outside the neighbourhood’  

 

5.5.2 Research question 

Two research questions were addressed, i.e., do the associations between walking and walkability 

change when RESIDE variables are recoded to more closely resemble those of Find Thirty in terms 

of: 

1) Exclusions of short walks (<10 minutes); and 

2) Neighbourhood context? 
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5.5.3 Methods 

Outcome variables of any transport walking (yes/no) and any overall walking (yes/no) in the 

neighbourhood were created using the RESIDE baseline (T1) self-reported walking survey items. 

As the available RESIDE data only included total minutes and frequency of walking it was not 

possible to determine for each respondent if any walking trips of at least 10 minutes were 

reported as in the Find Thirty every day survey walking items.  Therefore, five definitions of any 

walking trips of at least 10 minutes were used (Table 5.12). Definitions one and two simply used 

total minutes of walking >0 and ≥ 10 respectively.  Definitions three, four and five used total 

minutes ≥ 10  and average minutes per trip (total minutes divided by number of trips) of ≥ 5, ≥ 7.5 

and ≥ 10 respectively. The higher numbered definitions are more restrictive and the proportion 

doing any walking will decrease from definition one to definition five.  Lower numbered 

definitions are likely to over-estimate the true proportion doing any walking trips of at least 10 

minutes whereas the higher numbered definitions are likely to under-estimate the true 

proportion doing any walking trips of at least 10 minutes. Transport and recreational walking 

were combined to create an ‘overall walking’ variable so that both transport and overall walking 

could be assessed as in Find Thirty. Similarly, to assess walking that is not specified to the 

neighbourhood, walking ‘in’ and ‘outside’ the neighbourhood were combined. These 20 walking 

variables formed the outcome variables for logistic regression analysis with recreational 

walkability (Christian et al.  2011) entered as an independent variable and gender, age and 

education entered as covariates. The odds ratios across the different definitions of each type of 

walking were compared. 

 

Table 5.12 Definitions of ‘any’ transport walking and overall walking 

Walking variable Definitions of ‘any walking’ 

Any transport walking
a
  

1 If total minutes transport walking > 0 

2 If total minutes transport walking ≥ 10 

3 If total minutes transport walking ≥ 10 & average minutes per trip ≥ 5 

4 If total minutes transport walking ≥ 10 & average minutes per trip ≥ 7.5 

5 If total minutes transport walking ≥ 10 & average minutes per trip ≥ 10 

Any overall walking
a 

 

1 If total minutes overall walking > 0 

2 If total minutes overall walking ≥ 10 

3 If total minutes overall walking ≥ 10 & average minutes per trip ≥ 5 

4 If total minutes overall walking ≥ 10 & average minutes per trip ≥ 7.5 

5 If total minutes overall walking ≥ 10 & average minutes per trip ≥ 10 
aSeparate variables for ‘in the neighbourhood’ and ‘in or outside the neighbourhood’ 
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5.5.4 Results 

Table 5.13 presents the proportions of respondents classified as having done any transport or 

overall walking using the different definitions described above. There was little difference 

between the proportions of respondents classified as doing ‘any’ walking across definitions of 

transport and overall walking, in the neighbourhood and overall (in and outside the 

neighbourhood).  

 

Table 5.13 Prevalence of walking using different measures 

Walking in the neighbourhood Walking in or outside the neighbourhood 
Measure n (%) Measure n (%) 

Transport walking  

Any transport walking 1 Any transport walking 1 
No 1132 (62.4) No 1064 (58.7) 
Yes 647 (35.7) Yes 745 (41.1) 

Any transport walking 2 Any transport walking 2 
No 1139 (62.8) No 1071 (59.1) 
Yes 640 (35.3) Yes 738 (40.7) 

Any transport walking 3 Any transport walking 3 
No 1156 (63.8) No 1079 (59.5) 
Yes 623 (34.4) Yes 730 (40.3) 

Any transport walking 4 Any transport walking 4 
No 1203 (66.4) No 1120 (61.8) 
Yes 576 (31.8) Yes 689 (38.0) 

Any transport walking 5 Any transport walking 5 
No 1218 (67.2) No 1141 (62.9) 
Yes 561 (30.9) Yes 668 (36.8) 

Overall walking  

Any overall walking 1 Any overall walking 1 
No 689 (38.0) No 570 (31.4) 
Yes 1115 (61.5) Yes 1241 (68.5) 

Any overall walking 2 Any overall walking 2 
No 694 (38.3) No 575 (31.7) 
Yes 1110 (61.2) Yes 1236 (68.2) 

Any overall walking 3 Any overall walking 3 
No 704 (38.8) No 579 (31.9) 
Yes 1100 (60.7) Yes 1232 (68.0) 

Any overall walking 4 Any overall walking 4 
No 734 (40.5) No 605 (33.4) 
Yes 1070 (59.0) Yes 1206 (66.5) 

Any overall walking 5 Any overall walking 5 
No 745 (41.1) No 618 (34.1) 
Yes 1059 (58.4) Yes 1193 (65.8) 

 

Table 5.14 presents the multivariate model odds ratios for the association between walkability 

and transport and overall walking in the neighbourhood. The odds of doing any transport walking 

in the neighbourhood generally increased with each walkability quartile and were significant for 

quartile 4. Overall walking in the neighbourhood was not significantly associated with walkability 
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however odds of walking was 25% higher among those in the fourth quartile compared with those 

in the first quartile.  

Table 5.15 reports the results of multivariate models for the association between walkability and 

transport and overall walking in and outside the neighbourhood. Again, odds ratios generally 

increased for every one quartile increase in walkability with odds ratios for quartiles 3 and 4 

significant for transport walking only.  

There was little difference between odds ratios across transport walking definitions one through 

to five and overall walking one through to five irrespective of whether activity was limited to that 

done ‘in the neighbourhood’ or not. However, the effect sizes for walkability quartile 4 were 

slightly larger and p-values lower for transport walking in the neighbourhood than for transport 

walking in or outside the neighbourhood (Table 5.14 compared with Table 5.15). 
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Table 5.14 Adjusted odds ratios for recreational walkability index quartiles in the neighbourhood 

  Quartile 1 Quartile 2 Quartile 3 Quartile 4 

  OR  OR  95% CI p OR  95% CI p OR  95% CI p 

Any transport 
walking in the 
neighbourhood 

1 1.00  1.23 0.93-1.62 0.153 1.29 0.97-1.71 0.077 1.50 1.13-1.98 0.004 
2 1.00 1.24 0.93-1.64 0.138 1.31 0.99-1.73 0.061 1.49 1.12-1.97 0.005 
3 1.00 1.26 0.95-1.68 0.108 1.37 1.03-1.82 0.031 1.53 1.16-2.03 0.003 
4 1.00 1.19 0.89-1.59 0.246 1.25 0.94-1.67 0.129 1.48 1.11-1.97 0.007 

 5 1.00 1.25 0.93-1.67 0.141 1.31 0.98-1.76 0.068 1.57 1.18-2.10 0.002 

Any overall 
walking in the 
neighbourhood 

1 1.00 1.01 0.77-1.32 0.938 0.99 0.75-1.30 0.931 1.26 0.96-1.66 0.098 
2 1.00 1.02 0.78-1.34 0.880 1.01 0.77-1.32 0.952 1.26 0.96-1.66 0.096 
3 1.00 1.04 0.80-1.36 0.775 1.04 0.79-1.36 0.795 1.27 0.97-1.67 0.085 
4 1.00 1.00 0.76-1.30 0.974 1.02 0.78-1.34 0.870 1.25 0.96-1.64 0.104 

 5 1.00 1.01 0.78-1.32 0.927 1.04 0.80-1.36 0.769 1.26 0.96-1.65 0.091 

Odds ratio and 95% confidence interval are adjusted for gender, age and education. Bolded values indicate p<0.05. 

 

 

Table 5.15 Adjusted odds ratios for recreational walkability index quartiles in and outside the neighbourhood 

  Quartile 1 Quartile 2 Quartile 3 Quartile 4 

  OR  OR  95% CI p OR  95% CI p OR  95% CI p 

Any transport 
walking in and 
outside the 
neighbourhood 

1 1.00  1.17 0.89-1.53 0.269 1.32 1.01-1.73 0.045 1.41 1.08-1.85 0.012 
2 1.00 1.18 0.90-1.55 0.236 1.35 1.03-1.76 0.031 1.39 1.06-1.82 0.016 
3 1.00 1.17 0.89-1.53 0.265 1.36 1.04-1.78 0.026 1.40 1.06-1.83 0.016 
4 1.00 1.20 0.91-1.58 0.197 1.33 1.01-1.74 0.044 1.39 1.06-1.82 0.019 

 5 1.00 1.24 0.94-1.64 0.127 1.33 1.01-1.75 0.045 1.47 1.12-1.94 0.006 

Any overall 
walking in and 
outside the 
neighbourhood 

1 1.00 1.01 0.76-1.33 0.958 1.09 0.82-1.45 0.539 1.29 0.97-1.72 0.086 
2 1.00 1.02 0.77-1.35 0.898 1.12 0.84-1.48 0.444 1.29 0.97-1.72 0.084 
3 1.00 1.00 0.76-1.32 0.987 1.12 0.84-1.48 0.442 1.26 0.95-1.68 0.112 
4 1.00 1.00 0.76-1.32 0.996 1.14 0.86-1.51 0.347 1.28 0.96-1.69 0.092 

 5 1.00 1.00 0.76-1.32 0.991 1.13 0.86-1.50 0.380 1.28 0.96-1.69 0.090 

Odds ratio and 95% confidence interval are adjusted for gender, age and education. Bolded values indicate p<0.05.  
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5.6 DISCUSSION 

Overall, the campaign positively affected cognitive outcomes of awareness of the campaign, 

comprehension and acceptance of the message, intention to act on the message and taking 

action. In addition, behavioural outcomes suggested that the campaign had positive effects on 

achieving sufficient overall walking and total physical activity. However, the campaign did not 

appear to positively affect the odds of doing any transport or overall walking, any physical 

activity or sufficient transport walking. Although the campaign included advert scenes 

promoting transport walking, this was not the major focus of the campaign and, in any event, 

representative state-wide data suggests that most Western Australians walk for recreational 

purposes (Rosenberg et al.  2010). This may help explain the unexpected transport walking 

results. In addition, the pre-campaign sample was quite active in terms of doing ‘any’ of the 

behaviours, causing a possible ceiling affect for improvements.  

Pre-campaign ‘awareness’ was around 30%. This relatively high prevalence could be due in 

part to the ongoing health promotion efforts in Western Australia. In particular, the 

continuation of the ‘Find Thirty’ brand from the previous campaign, and similarities between 

the two campaigns’ advertisements, may have influenced responses to the ‘new’ campaign. 

Four significant interaction terms were identified. However, these were all negative. The mix 

of utilitarian destinations within 400m of home significantly negatively moderated the effect of 

the campaign on acceptance of the Find Thirty every day Campaign message. Similarly, the mix 

of general destinations within 400m negatively moderated the effect of the campaign on 

taking action. Moreover, the mix of utilitarian and general destinations within 1600m 

negatively moderated the campaign effect on achieving sufficient overall walking. The cohort 

study partly supported these results in that the change in mean overall walking minutes was 

higher among those with fewer general destinations within 400m. One reason for this is that 

because the campaign advertisements featured mostly residential environments including 

residential streets, residential gardens (for promoting gardening) and local parks (as opposed 

to large regional parks), rather than busy inner city areas with lots of destinations, those in 

environments with a mix of fewer different destinations found the campaign more relevant. 

Another plausible explanation is that having a variety of destinations nearby alone, may not 

moderate an individual’s response to a campaign. Recent research shows, for example, that 

having nearby parks that are large and attractive is associated with increased walking but not 

distance alone (Giles-Corti et al.  2005a). If nearby destinations are not attractive, then having 

them nearby may not affect cognitive responses to a campaign encouraging walking. However, 

negative interactions between intervention and environment and also between individual 
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factors and environments are emerging in other physical activity studies (Ding et al.  2012; Kerr 

et al.  2010; Merom et al.  2009). While generally a positive interaction between interventions 

(or individual factors) and environment has been hypothesised, a new hypothesis seems to be 

emerging, where an intervention compensates for an unsupportive environment for activity, 

and vice versa. Residents with more destinations for example, may already feel supported and 

do not take note of a campaign, whereas campaigns help residents overcome a lack of places 

to walk to. This is particularly likely if individuals have self-selected their environment because 

there were many local destinations. However, too few studies explicitly testing for such 

interactions exist to be conclusive.  

Cognitive impacts were consistently, but not significantly, larger among respondents in high 

compared with lower walkable neighbourhoods within 1600m. This suggests that residents of 

compact higher density neighbourhoods characterised by a variety of land uses and higher 

street connectivity providing more walking routes may have found the scenarios advertised 

more relevant and attended more to the campaign messages. This is in contrast to the 

negative moderating effect of destination mix on campaign effects. Although the walkability 

component land use mix represents a similar factor to destination mix, that is, having different 

non-residential destinations to walk to, the measures are quite different. Land use was based 

on government zoning data whereas destinations were sourced from a commercial database, 

which has some validation issues (Hooper et al.  2012). In addition, as walkability includes 

three environmental features consistently associated with walking, it may be a more 

comprehensive picture of a supportive environment for walking, whereas destinations per se 

captures a feature in isolation from other environmental factors.  

There was no evidence of the campaign having any behavioural impact for those living in a 

more walkable neighbourhood. This finding is consistent with four other studies that found no 

significant moderating effect of walkability (Gebel et al.  2011; Merom et al.  2009; Michael & 

Carlson  2009; Zenk et al.  2009), but is in contrast to one other study (Kerr et al.  2010). Kerr 

and colleagues (2010) found that, contrary to expectations, overweight males in the 

intervention group living in low walkable neighbourhoods versus high walkable 

neighbourhoods, increased their walking significantly more following a lifestyle intervention. 

The authors concluded that the intervention may have helped overcome inequalities in the 

environment. This did not appear to be the case in the current study where the intervention 

involved mass media. In this study, higher cognitive impacts were observed in higher rather 

than lower walkable neighbourhoods, suggesting that the mass media intervention effects 

were consistent with our hypothesis that those in high walkable neighbourhoods would 

respond better to the campaign. Thus in this study the campaign had not helped overcome 
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environmental inequalities. This may be because the lifestyle intervention evaluated by Kerr 

and colleagues specifically included phone counselling, where participants could report 

environmental and other barriers they encountered and receive advice about how to 

overcome these barriers (Kerr et al.  2010). This did not occur in the Find Thirty every day 

campaign. 

There were few significant findings for perceptions of the environment. Having places nearby 

to be active and daytime safety were negatively associated with some campaign impacts, 

supporting the negative moderation findings for destination mix. However, due to very few 

respondents reporting unsupportive environments, these results must be viewed with caution. 

The perception measures are a limitation to this study as there were only a limited number of 

items included and they were not based on an established scale (Rosenberg et al.  2010). 

Notably, in this study, the environment was not consistently associated with behaviour which 

is in contrast to much of the literature examining this relationship (McCormack et al.  2004; 

Owen et al.  2004; Saelens & Handy  2008). This could be due to measurement issues. One 

concern was that the specification of the 10 minute minimum walking trip duration excluded 

short walks (less than 10 minutes). In addition, prior research has suggested that in walking 

studies measuring the environment, walking measures should specify the walking done in that 

environment (Owen et al.  2004). There was an opportunity to investigate these potential 

explanations for the findings using another Perth study dataset, RESIDE. While not providing 

corroborative evidence that the omission of short walking trips were responsible for not 

observing the usual associations with walkability and destinations in Find Thirty every day, the 

analyses did support the premise that specifying ‘in the neighbourhood’ might have better 

captured the association with the neighbourhood environment. This is because stronger 

associations were observed with walkability for transport walking ‘in the neighbourhood’ 

compared with ‘in or outside the neighbourhood’. Nevertheless, the additional analyses were 

limited by the fact that an overall walking measure was not available and transport and 

recreational walking data had to be combined, and similarly, a single measure of walking in or 

outside the neighbourhood was not available and measures of walking in and outside the 

neighbourhood had to be combined. This did not fully replicate the measures used in Find 

Thirty every day. 

The current study may also be limited by the sampling method adopted as this was not 

designed to maximise the environmental variability, but rather, involved a random selection 

via telephone numbers listed in the telephone directory with a pre-determined quota of 50% 

males and 25% regional Western Australians. Using the telephone directory may have 
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introduced bias, by excluding those who register for a private number. However, both mobiles 

and landlines can now be listed in the Western Australian White Pages. In studies examining 

moderation by the environment, greater environmental variability in recruited survey samples 

may be required to better detect an effect (Gebel et al.  2011). In addition, although the 

objective environmental data was subject to substantial cleaning it was not validated to assess 

for accuracy. Issues related to those that participated may also be relevant. For example, there 

may be environmental and other differences between those that did and did not agree to 

participate in the study. Finally, the sample appeared to be relatively affluent and not 

representative of the Western Australian population for annual household income with 26%-

38% earning more than $100,000. Considerably fewer Western Australians have household 

incomes greater than $88, 000 (derived from Australian Bureau of Statistics 2006 weekly 

family income data). 

The exploration of moderation of campaign effects by the built environment is an emerging 

area of study, and the most appropriate study designs and measures to be used are not yet 

fully understood. Future studies of moderation by neighbourhood environment may need to 

use walking measures that specify ‘walking in the neighbourhood’ to detect moderating effects 

(Giles-Corti et al.  2006). In addition, measures specific to the campaign may show more 

consistent post-campaign results. Nevertheless, this is the first study to test for moderation of  

cognitive campaign effects, which precede behavioural effects, using the Hierarchy of Effects 

model (McGuire  1981). Given the study’s limitations, further exploration is warranted. The 

impact of walking campaigns may be more likely to be enhanced by walkability than more 

general physical activity campaigns. Although one study did examine a walking-specific 

campaign and did not find a significant moderating effect by walkability (Gebel et al.  2011), 

only self-reported walkability was measured, without objective verification which is 

recommended for environmental studies on walking (Owen et al.  2004). More studies on 

moderation are needed to understand if the measures and/or study designs have contributed 

to unexpected or null findings in the evidence to date. 

This study provides some evidence that mix of local destinations and the walkability of 

individuals’ local areas may affect who responds to mass media campaigns. However, due to 

the paucity of significant interactions identified in this study and also in other studies testing 

for interactions, it is premature to make conclusions as to whether the environment 

moderates campaign effects. If the environment negatively moderates campaign effects, as 

suggested by the significant negative interactions for destinations mix in this study, then  

campaigns may not widen the gap in physical activity behaviour between individuals living in 

more and less supportive environments for physical activity (McCormack et al.  2004; Saelens 



 

92 
 

& Handy  2008). Indeed, as demonstrated by Kerr and colleagues (2010) and the current study, 

the reverse may be true. Mass media remains an attractive strategy for reminding and 

encouraging large numbers of individuals to achieve regular physical activity. However, as 

evidence to date is limited, and mixed in the direction of possible moderating effects, better 

designed studies testing this research question in different samples are required.  
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Chapter 6  

 

North American Walking Campaigns 

 

Material from this chapter has been submitted for publication: 

Barnes, R., Bauman, A. E., Giles Corti, B., Knuiman, M. W., Rosenberg, M., Leyden, K. M., 

Abildso, C. G. and Reger-Nash, B. Motivated to Walk but Nowhere to Walk to: Differential 

Effect of a Mass Media Campaign by Mix of Local Destinations. American Journal of Public 

Health.  

 

6.1 INTRODUCTION 

The previous chapter investigated whether objectively measured and perceived 

neighbourhood environments moderated responses to Find Thirty every day, a physical activity 

campaign in Western Australia. It identified significant negative moderating effects of 

destinations mix on some cognitive and behavioural impacts and non-significant positive 

moderating effects of walkability on cognitive impacts. The current chapter explores the same 

question using perceived neighbourhood environmental data from two North American 

walking campaigns, West Virginia Walks (WV Walks) and Broome County Walks (BC Walks). 

Destinations mix is examined again here, however this time using a perceived measure. The 

same destinations that formed the objective general destinations mix measure in Chapter 5 

form the perceived destinations mix measure in this chapter, and the findings for the two 

measures are compared in Chapter 7. Other neighbourhood perceptions are examined for 

evidence of associations with campaign effects in this chapter. In addition, destinations mix is 

examined for moderating effects on the relationship between awareness and walking. 

  

6.2 OBJECTIVES 

The overall aim of this chapter was to investigate the extent to which the built environment is 

a moderator of the impact of mass media-led campaigns designed to increase walking amongst 

North American adults. It addressed the following specific objectives: 

 To examine whether changes in the cognitive and behavioural impacts of the WV 

Walks and BC Walks campaigns were associated with perceptions of the local 

environment (cohort); 
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 To examine whether changes in the cognitive and behavioural impacts of the WV 

Walks campaign were moderated by destinations mix (cohort); and 

 To examine the moderating effect of perceptions of the local environment on the 

relationship between cognitive and behavioural effects of the WV Walks campaign 

(cohort). 

 

6.3 METHODS 

6.3.1 Neighbourhood environment study design and samples 

This chapter examines data from the two US community-level media campaigns; one in West 

Virginia (WV Walks) and the other in Binghamton, BC in upstate New York (BC Walks). Both 

WV Walks and BC Walks used a quasi-experimental design, with pre- and post-campaign 

(cohort) surveys. In WV Walks, pre- and post-campaign telephone surveys were conducted on 

887 respondents in the intervention community of North-Central West Virginia and 426 

respondents in the comparison community Cabell County. In BC Walks, 390 respondents from 

the intervention community Broome County and 204 respondents from the comparison 

community were surveyed both pre- and post-campaign. As noted earlier in Chapter 4, the 

surveying strategy used in BC Walks was designed to recruit people insufficiently active. 

Telephone interviewers screened BC Walks respondents by first asking about their moderate 

and vigorous physical activity, and subsequently interviewed only those not meeting the CDC 

and Surgeon General recommendations of 30 minutes moderate intensity physical activity, five 

times a week, or 20 minutes vigorous intensity physical activity, three times a week (this 

included all activities not just walking). As such, the proportion of the original sample that was 

used for the repeated analysis among insufficient walkers was higher for BC Walks (70%) than 

WV Walks (50%). 

 

6.3.2 Outcome variables 

Awareness change 

Respondents from both campaigns were first asked if they had seen or heard any ads or 

messages about walking (yes/no). Subsequently, respondents were asked specifically if they 

had heard about the campaign (WV Walks or BC Walks) (yes/no). Awareness of the specific 

WV Walks campaign was also used as an independent variable for addressing the third 
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objective of this chapter, investigating moderation of the relationship between cognitive and 

behavioural campaign impact. 

 

Walking change 

Validated items from the Behavioral Risk Factor Surveillance System (BRFSS) (Jones et al.  

1999) were used to assess the number of days and duration of walking for at least 10 minutes, 

in the last week, collected pre- and post-campaign. Two continuous walking change variables 

were created for each campaign. Change in number of days walked was calculated by taking 

days walked pre-campaign from days walked post-campaign. Change in total minutes walked 

was calculated by multiplying frequency and duration of walking together for each time point 

and then taking total minutes walked pre-campaign from total minutes walked at post-

campaign. To separately examine the target group of insufficient walkers, those walking less 

than 150 minutes were selected for a secondary analysis. 

 

6.3.3 Independent variables 

Neighbourhood environment 

Table 6.1 outlines the Neighbourhood Environment Walkability Score (NEWS) items that were 

included in the WV walks and BC Walks surveys, using a four point scale from strongly disagree 

to strongly agree. These items have acceptable reliability and validity (De Bourdeaudhuij et al.  

2003; Leslie et al.  2005; Saelens et al.  2003a). The particular items included in the surveys 

measure neighbourhood environment features of aesthetics, crime and traffic safety, walking 

and cycling facilities and land use mix (access to services) (Saelens et al.  2003a). Firstly, 

responses of ‘strongly agree’ and ‘agree’ were combined into an ‘agree’ category and 

responses of ‘strongly disagree’ and ‘disagree’ into a ‘disagree’ category, for each NEWS item. 

Secondly, a scale was created by awarding a ‘1’ to responses indicating a walking supportive 

environmental feature is present, and ‘0’ to responses indicating that it is not, and summing 

these new variables together to create a ‘score’. This new neighbourhood environment ‘score’ 

was then dichotomised at the median into ‘high’ (4 or more supportive features) and ‘low’ (3 

or less supportive features) for analysis. 
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Table 6.1 Neighbourhood environment perceptions items 

WV Walks 

Neighbourhood Environment Walkability Score items 

The streets in my neighborhood are hilly making walking there difficult
a 

There are sidewalks on most of the streets in my neighborhood 

Surroundings are attractive while walking in my neighborhood 

My neighborhood streets are well lit at night 

So much traffic difficult/unpleasant to walk in neighborhood
a
 

Speed of traffic on most nearby streets is usually slow 

Crosswalks and pedestrian signals help walkers cross busy streets 

Overall rating of area for walking 

How would you rate your city or area for walking? 

BC Walks 

Neighbourhood Environment Walkability Score items 

I can do most of my shopping in my local area 

There are many shops within easy walking distance of my home 

There are many places to go within easy walking distance of my home 

There is tree cover or canopy along the footpaths in my local area 

There are trees along the streets in my local area 

There are many interesting things to look at while walking in my local area 
aReversed for calculation of NEWS scale 

 

Mix of destinations 

Neighbourhood destinations information was not collected in the BC Walks campaign. The 

Leyden Walkability Instrument was used to collect information on destinations in WV Walks. 

Respondents were asked if they could walk to 15 specified destinations (corner convenience 

store, place of worship, park or playing field, local school, community/recreation centre, child 

care facility, drug store, bar or pub, restaurant or coffee shop, grocery store, movie theatre, 

library, bank, post office and their workplace) from home (yes/no). A composite destination 

mix score with a range of 0 to 15 destinations was created, and dichotomised at the median 

into a low score (3 or less destinations) and a high score (4 or more destinations). 

 

Overall rating of area for walking 

Again, overall rating of the city or area for walking was not asked in BC Walks. In WV Walks 

Respondents rated their city or area for walking on a four point scale from ‘Poor’ to ‘Excellent’ 

(Table 6.1). ‘Poor’ and ‘fair’ ratings were combined into one group and ‘good’ and ‘excellent’ 

ratings into another. 
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6.3.4 Statistical analyses 

Statistical tests were done in SPSS version 19. The numbers of respondents included in each 

analysis varied, by the availability of outcome, independent and control variable data, in order 

to maximise sample sizes.   

 

Cognitive and behavioural impacts 

In both campaigns, all independent variables were initially assessed for associations with 

outcomes in bivariate tests. Chi square tests were used to assess if change in awareness was 

related to individual NEWS items, the composite NEWS score, destinations mix and overall 

rating of the area for walking.  

Behavioural tests were conducted on the whole sample and specifically among those 

insufficiently walking pre-campaign (minutes < 150). Repeated measures general linear models 

were used to identify significant changes in days and minutes walking. T-tests were used to 

identify significant differences in mean pre-campaign days and minutes walking and mean 

change in days and minutes walking, between the following groups: 

(i) intervention and control communities;  

(ii) ‘agree’ and ‘disagree’ groups for individual NEWS items;  

(iii) high and low groups for the composite NEWS score;  

(iv) high and low groups for destinations mix (WV Walks only); and 

(v) good/excellant vs. poor/fair overall rating of area for walking (WV Walks only). 

 

In WV Walks, an interaction term between intervention (intervention or comparison 

community) and destinations mix was tested in a model predicting change in days walking 

adjusting for gender, age and education using forced entry linear regression. The sample was 

then stratified into intervention and comparison communities and linear regression models 

were run separately to test if the environment was associated with change in days walking in 

each stratum, adjusted for gender, age and education.  

 

Relationship between cognitive and behavioural impact 

Data from the intervention community was used to examine if the environment moderated 

the relationship between awareness and walking. A t-test was used to compare change in days 

walking between respondents who were and were not aware of WV Walks post-campaign. 
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Number of days walking was then entered into a linear regression model as the outcome 

variable, awareness of the campaign, destinations score and the interaction term between 

awareness and the destinations score as independent variables, and gender, age and 

household income were included as covariates. Subsequently, the data were stratified by 

awareness post-campaign and t-tests were used to examine the difference in change in mean 

number of days walking between those with high and low destinations mix scores. Linear 

regression was then used to compare the effects of high and low destination mix on mean 

change in days walking, among those aware and not aware adjusted for gender, age and 

household income. 

 

6.4 RESULTS 

6.4.1 Demographic characteristics 

Over two thirds of the WV Walks and BC Walks samples were female and the average age was 

around 53 years (Table 6.2). Significant differences were observed between intervention and 

comparison groups for household income in both campaigns and for highest level of education 

in WV Walks only. 

 

Table 6.2 Demographic characteristics 

Characteristic WV Walks BC Walks 

 Intervention Comparison Intervention Comparison 
 n=887 n=426 n=393 n=207 

Gender (%)     
Male 33.5 31.5 29.8 30.9 
Female 66.5 68.5 70.2 69.1 

     
Years of age (Mean, SD) 53.0, 6.9 53.8, 7.1 52.2, 8.3 52.2, 7.0 
     
Education (%)*     

Less than high school graduate 7.0 9.9 7.9 6.3 
High school/GED certificate 48.9 55.4 58.5 58.0 
College graduate 43.7 34.3 33.6 35.7 

     
Household income (%)*^     

Less than $35,000 31.3 38.0 34.9 47.8 
$35,000 to less than $50,000 18.7 16.4 21.4 17.9 
$50,000 or more 38.7 31.2 32.3 27.5 
Refused 11.3 14.3 11.5 6.8 

*p<0.05 between intervention and comparison communities for WV Walks 

^p<0.05 between intervention and comparison communities for BC Walks 
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6.4.2 Cognitive impacts 

Irrespective of whether or not WV Walks respondents indicated having walking supportive 

environmental features, over half (57-68%) reported being aware of a media message about 

walking or being more active in the last four weeks (not specific to any campaign), both pre- 

and post-campaign (Table 6.3). Slightly fewer respondents were aware of a non-specific 

walking or physical activity media message pre- and post-campaign in BC Walks (44-52%). 

About 43% of respondents became aware of WV Walks, and 49% became aware of BC Walks, 

in the intervention communities. 

Overall, there was little evidence of differential cognitive responses to the WV Walks campaign 

by environment (Tables 6.4 and 6.5).  In BC Walks, there was a significant overall p-value 

amongst the comparison community, indicating that significantly more of those with 

interesting things to look at in their neighbourhood, than those without, were not aware of 

any non-specific messages pre- or post-campaign (Table 6.6). 
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Table 6.3 Cognitive and behavioural impacts 

Characteristic WV Walks BC Walks 

 Intervention Comparison Intervention Comparison 
 n=887 n=426 n=393 n=207 

Aware of non-specific message (%)*^     
Always aware 68.1 57.3 52.5 44.1 
Never aware 7.7 13.6 9.8 26.2 
Aware pre- but not post-campaign 7.8 17.0 9.0 17.8 
Aware post- but not pre-campaign 16.4 12.1 28.8 11.9 

     
Aware of the campaign (%)*^     

Always aware 34.3 24.3 28.8 9.2 
Never aware 19.8 42.5 15.3 73.8 
Aware pre- but not post-campaign 2.2 5.7 7.0 9.7 
Aware post- but not pre-campaign 43.7 27.5 48.9 7.3 

     
Pre-campaign days walking  
(Mean (SD))* 

4.0 (2.7) 3.6 (2.7) 3.2 (2.5) 2.7 (2.3) 

     
Pre-campaign minutes walking 
(Mean (SD))* 

249.5 (283.9) 196.0 (246.2) 153.3 (233.8) 144.3 (235.7) 

     
Change in days walking (Mean (SD)) 0.3 (2.5) 0.2 (2.6) 0.4 (2.6) 0.2 (2.4) 
     
Change in minutes walking  
(Mean (SD)) 

12.7 (267.6) 19.4 (236.2) -6.5 (232.3) -15.3 (222.8) 

 n=417 n=229 n=265 n=149 

Change in days walking among those 
insufficiently walking pre-campaign  
(Mean (SD)) 

1.3 (2.6) 0.9 (2.6) 0.9 (2.5) 0.6 (2.3) 

     
Change in minutes walking among 
those insufficiently walking pre-
campaign (Mean (SD))^ 

105.4 (200.8) 76.0 (176.8) 61.7 (137.1) 36.0 (132.2) 

*p<0.05 between intervention and comparison communities for WV Walks 

^p<0.05 between intervention and comparison communities for BC Walks 
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Table 6.4 WV Walks: Awareness of non-specific media message 

  Intervention group (North-Central West Virginia)   Comparison group (Cabell County) 

 n Aware pre- 
and post- 
campaign 

Not aware  
pre- or post-

campaign 

Aware pre- but 
not post-
campaign 

Aware post- 
but not pre- 

campaign 

 n Aware pre- 
and post- 
campaign 

Not aware  
pre- or post-

campaign 

Aware pre- but 
not post-
campaign 

Aware post- 
but not pre- 

campaign 

  % % % %   % % % % 

Streets in my neighbourhood are 
hilly making walking there difficult 

           

Disagree (facilitatory) 371 64.7 7.0 16.5 18.9  236 56.8 13.6 16.5 13.1 
Agree 465 71.4 8.0 17.5 14.0  166 57.8 13.9 17.5 10.8 

Sidewalks on most of the streets in 
my neighbourhood 

           

Agree (facilitatory) 186 60.2 10.8 9.1 19.9  205 57.6 13.7 18.0 10.7 
Disagree 666 70.6 6.8 7.4 15.3  194 56.7 13.9 16.5 12.9 

Surroundings are attractive while 
walking in my neighbourhood 

           

Agree (facilitatory) 710 69.9 7.5 7.3 15.4  299 56.5 13.0 17.1 13.4 
Disagree 144 59.0 9.0 10.4 21.5  100 61.0 16.0 15.0 8.0 

Neighbourhood streets are well lit 
at night 

           

Agree (facilitatory) 292 65.8 10.6 7.2 16.4  199 55.8 14.6 16.1 13.6 
Disagree 554 69.3 6.3 7.9 16.4  198 58.6 12.6 17.7 11.1 

So much traffic makes it difficult 
or unpleasant to walk in my 
neighbourhood 

           

Disagree (facilitatory) 270 67.0 8.2 7.6 17.2  270 58.1 13.3 17.0 11.5 
Agree 131 70.1 7.0 8.1 14.8  131 56.5 14.5 16.0 13.0 

Speed of traffic on most nearby 
streets is usually slow  

           

Agree (facilitatory) 481 66.3 9.4 8.9 15.4  207 58.0 15.0 16.4 10.6 
Disagree 370 71.1 5.4 6.2 17.3  197 56.3 12.2 17.8 13.7 

Crosswalks and pedestrian signals 
help walkers cross busy streets 

           

Agree (facilitatory) 113 65.5 9.7 9.7 15.0  98 55.1 17.3 17.3 10.2 
Disagree 727 68.6 7.3 7.4 16.6  306 57.8 12.4 17.0 12.7 
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Table 6.4 Continued 

  Intervention group (North-Central West Virginia)   Comparison group (Cabell County) 

 n Aware pre- 
and post- 
campaign 

Not aware  
pre- or post-

campaign 

Aware pre- but 
not post-
campaign 

Aware post- 
but not pre- 

campaign 

 n Aware pre- 
and post- 
campaign 

Not aware  
pre- or post-

campaign 

Aware pre- but 
not post-
campaign 

Aware post- 
but not pre- 

campaign 

  % % % %   % % % % 

Composite NEWS score            
High (Scores 4 or more) 340 66.5 10.3 8.8 14.4  229 58.5 14.4 15.7 11.4 
Low (Scores 3 or less) 517 69.2 6.0 7.2 17.6  176 55.7 12.5 18.8 13.1 

Composite destinations mix score            
High (Scores 4 or more) 403 67.5 7.7 8.9 15.9  255 56.9 16.5 15.3 11.4 
Low (Scores 3 or less) 455 68.6 7.7 6.8 16.9  150 58.0 8.7 20.0 13.3 

Overall rating for walking            
Good/excellent 468 67.1 8.8 6.8 17.3  241 57.3 13.3 16.2 13.3 
Poor/fair 376 69.7 6.1 9.3 14.9  157 57.3 13.4 18.5 10.8 

*p<0.05 between Agree and Disagree, High and Low and Good/excellent and Poor/fair groups
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Table 6.5 WV Walks: Awareness of WV Walks campaign 

  Intervention group (North-Central West Virginia)  Comparison group (Cabell County) 

 n Aware pre- 
and post- 
campaign 

Not aware  
pre- or post-

campaign 

Aware pre- but 
not post-
campaign 

Aware post- but 
not pre- 

campaign 

n Aware pre- 
and post- 
campaign 

Not aware  
pre- or post-

campaign 

Aware pre- but 
not post-
campaign 

Aware post- 
but not pre- 

campaign 

  % % % %  % % % % 

Streets in my neighbourhood are 
hilly making walking there difficult 

          

Disagree (facilitatory) 360 30.3 22.2 2.8 44.7 240 22.1 41.3 7.1 29.6 
Agree 447 38.3 17.4 1.6 42.7 164 28.0 44.5 3.7 23.8 

Sidewalks on most of the streets 
in my neighbourhood 

          

Agree (facilitatory) 183 39.3 20.2 2.2 38.3 204 24.0 41.2 7.8 27.0 
Disagree 638 32.8 19.7 2.0 45.5 197 24.4 43.7 3.6 28.4 

Surroundings are attractive while 
walking in my neighbourhood 

          

Agree (facilitatory) 682 35.0 18.9 2.2 43.8 296 22.6 42.6 5.1 29.7 
Disagree 141 31.2 24.8 2.1 41.8 105 30.5 41.0 6.7 21.9 

Neighbourhood streets are well 
lit at night 

          

Agree (facilitatory) 283 39.9 16.6 2.1 41.3 195 24.6 41.5 6.7 27.2 
Disagree 536 31.5 21.5 2.2 44.8 203 23.6 43.8 4.9 27.6 

So much traffic makes it difficult 
or unpleasant to walk in my 
neighbourhood 

          

Disagree (facilitatory) 530 34.9 19.8 2.1 43.2 266 24.1 42.9 6.0 27.1 
Agree 291 33.3 19.9 2.4 44.3 137 24.8 40.9 5.1 29.2 

Speed of traffic on most nearby 
streets is usually slow  

          

Agree (facilitatory) 461 34.7 20.2 1.5 43.6 203 25.6 45.3 5.4 23.6 
Disagree 361 33.5 19.4 3.0 44.0 203 23.2 39.9 5.9 31.0 

Crosswalks and pedestrian signals 
help walkers cross busy streets 

          

Agree (facilitatory) 110 39.1 14.5 1.8 44.5 97 23.7 43.3 7.2 25.8 
Disagree 701 33.4 20.7 2.3 43.7 309 24.6 42.1 5.2 28.2 

*p<0.05 between Agree and Disagree, High and Low and Good/excellent and Poor/fair groups 
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Table 6.5 Continued 

  Intervention group (North-Central West Virginia)  Comparison group (Cabell County) 

 n Aware pre- 
and post- 
campaign 

Not aware  
pre- or post-

campaign 

Aware pre- 
but not post-

campaign 

Aware post- but 
not pre- 

campaign 

n Aware pre- 
and post- 
campaign 

Not aware  
pre- or post-

campaign 

Aware pre- 
but not post-

campaign 

Aware post- 
but not pre- 

campaign 

  % % % %  % % % % 

Composite NEWS score           
High (Scores 4 or more) 329 35.9 20.4 1.8 41.9 223 23.8 41.7 6.7 27.8 
Low (Scores 3 or less) 498 33.1 19.5 2.4 45.0 184 25.0 43.5 4.3 27.2 

Composite destinations mix score           
High (Scores 4 or more) 386 39.1 15.5 1.3 44.0 256 25.4 41.0 6.6 27.0 
Low (Scores 3 or less) 442 30.1 23.5 2.9 43.4 151 22.5 45.0 4.0 28.5 

Overall rating for walking           
Good/excellent 451 33.9 19.1 2.2 44.8 241 24.9 41.9 5.4 27.8 
Poor/fair 366 35.5 20.5 2.2 41.8 160 24.4 42.5 6.3 26.9 

*p<0.05 between Agree and Disagree, High and Low and Good/excellent and Poor/fair groups 
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Table 6.6 BC Walks: Awareness of non-specific media message 

 Intervention group (Broome County)  Comparison group (Chautauqua County) 

 n Aware pre- 
and post- 
campaign 

Not aware  
pre- or post-

campaign 

Aware pre- but 
not post-
campaign 

Aware post- 
but not pre- 

campaign 

 n Aware pre- 
and post- 
campaign 

Not aware  
pre- or post-

campaign 

Aware pre- but 
not post-
campaign 

Aware post- 
but not pre- 

campaign 

  % % % %   % % % % 

I can do most of my shopping 
at local stores 

           

Agree (facilitatory) 252 52.8 10.3 7.5 29.4  132 46.2 24.2 18.2 11.4 
Disagree 123 52.8 8.1 11.4 27.6  69 40.6 29.0 17.4 13.0 

There are many shops within 
easy walking distance of my 
home 

           

Agree (facilitatory) 108 53.7 9.3 5.6 31.5  48 41.7 29.2 16.7 12.5 
Disagree 270 52.2 10.0 10.4 27.4  154 44.8 25.3 18.2 11.7 

There are many places to go 
within easy walking distance 
of my home 

           

Agree (facilitatory) 146 57.5 11.0 4.8 26.7  72 41.7 25.0 20.8 12.5 
Disagree 231 49.4 9.1 11.3 30.3  129 45.0 27.1 16.3 11.6 

There is tree cover or canopy 
along the footpaths in my 
local area 

           

Agree (facilitatory) 139 56.8 9.4 7.9 25.9  93 45.2 26.9 16.1 11.8 
Disagree 232 50.0 9.9 9.5 30.6  105 42.9 25.7 20.0 11.4 

There are trees along the 
streets in my local area 

           

Agree (facilitatory) 319 53.0 8.8 8.5 29.8  181 44.8 26.0 17.1 12.2 
Disagree 60 50.0 15.0 11.7 23.3  21 38.1 28.6 23.8 9.5 

There are many interesting 
things to look at while walking  

           

Agree (facilitatory) 261 52.9 8.8 9.2 29.1  151   50.3* 20.5 18.5 10.6 
Disagree 114 51.8 10.5 8.8 28.9  51 25.5 43.1 15.7 15.7 

Composite NEWS score            
High (Scores 4 or more) 169 57.4 10.1 5.9 26.6  91 48.4 23.1 18.7 9.9 
Low (Scores 3 or less) 210 48.6 9.5 11.4 30.5  111 40.5 28.8 17.1 13.5 

*p<0.05 between Agree/Disagree or High/Low groups
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Table 6.7 BC Walks: Awareness of BC Walks campaign 

  Intervention group (Broome County)  Comparison group (Chautauqua County) 

 n Aware pre- 
and post- 
campaign 

Not aware  
pre- or post-

campaign 

Aware pre- but 
not post-
campaign 

Aware post- 
but not pre- 

campaign 

n Aware pre- 
and post- 
campaign 

Not aware  
pre- or post-

campaign 

Aware pre- but 
not post-
campaign 

Aware post- 
but not pre- 

campaign 

  % % % %  % % % % 

I can do most of my shopping 
at local stores 

          

Agree (facilitatory) 248 27.0 16.5 6.9 49.6 136 8.8 75.7 8.8 6.6 
Disagree 120 33.3 12.5 6.7 47.5 69 10.1 71.0 11.6 7.2 

There are many shops within 
easy walking distance of my 
home 

          

Agree (facilitatory) 106 23.6 15.1 6.6 54.7 50 4.0 82.0 6.0 8.0 
Disagree 265 30.9 15.5 7.2 46.4 156 10.9 71.2 10.9 7.1 

There are many places to go 
within easy walking distance of 
my home 

          

Agree (facilitatory) 143 30.1 11.2 7.7 51.0 76 10.5 73.7 6.6 9.2 
Disagree 227 27.8 17.6 6.6 48.0 129 8.5 73.6 11.6 6.2 

There is tree cover or canopy 
along the footpaths in my local 
area 

          

Agree (facilitatory) 138 27.5 19.6 3.6 49.3 93 9.7 77.4 8.6 4.3 
Disagree 225 29.8 12.4 8.9 48.9 109 9.2 70.6 10.1 10.1 

There are trees along the 
streets in my local area 

          

Agree (facilitatory) 312 29.5 15.1 6.7 48.7 185 9.7 74.1 9.2 7.0 
Disagree 60 25.0 16.7 8.3 50.0 21 4.8 71.4 14.3 9.5 

There are many interesting 
things to look at while walking  

          

Agree (facilitatory) 251 27.1 14.7 5.2 53.0 152 9.2 75.0 8.6 7.2 
Disagree 116 33.6 17.2 9.5 39.7 54 9.3 70.4 13.0 7.4 

Composite NEWS score           
High (Scores 4 or more) 164 25.6 16.5 5.5 52.4 93 9.7 76.3 9.7 4.3 
Low (Scores 3 or less) 208 31.3 14.4 8.2 46.2 113 8.8 71.7 9.7 9.7 

*p<0.05 between Agree/Disagree or High/Low groups 
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6.4.3 Behavioural impacts 

Pre-campaign weekly walking 

Overall, WV Walks respondents’ walked an average of four days and 250 minutes, in the 

intervention community, and 3.6 days and 196 minutes in the comparison community pre-

campaign (Table 6.3). BC Walks pre-campaign walking was lower than that of WV Walks, with 

respondents walking an average of 3.2 days and 153 minutes in the intervention community 

and 2.7 days and 144 minutes in the comparison community. 

 

Neighbourhood environment 

Pre-campaign associations between the NEWS measures and walking behaviour for WV Walks 

were mixed in both intervention and comparison communities, leaving no evidence of an 

association (Tables 6.8 and 6.9). Only one item was significantly (and negatively) associated 

with minutes walking (street lighting, Table 6.9) and none were significantly associated with 

days walking (Table 6.8). 

In BC Walks, mean pre-campaign days and minutes walking were consistently higher among 

those reporting having walking supportive NEWS features and the difference was significant in 

the intervention community for ‘tree cover or canopy along footpaths’ and ‘interesting things 

to look at’ (Table 6.10). Although the results for individual NEWS items were similar in the 

intervention and comparison communities, the non-significant association between the 

composite NEWS score and minutes walking was negative in the comparison community for BC 

Walks, unlike in the intervention community. 

 

Mix of destinations and overall rating for walking 

Among WV Walks respondents in neighbourhoods with a high mix of destinations, those in the 

intervention community were walking significantly more days pre-campaign than those in the 

comparison community (Table 6.8). In the comparison community, respondents walked 

significantly more days if they rated their city or area for walking as good/excellent, compared 

with poor/fair (Table 6.8). No differences were observed for minutes walking (Table 6.9). 
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Change in weekly walking 

In WV Walks, respondents increased their walking non-significantly by 0.3 days and 13 minutes 

in the intervention community, and 0.2 days and 19 minutes in the comparison community 

(Table 6.3). Among those insufficiently walking pre-campaign, WV Walks respondents 

increased their walking significantly by 1.3 days and 105 minutes in the intervention 

community and 0.9 days and 75 minutes in the comparison community. In BC Walks, days 

walking increased non-significantly by 0.4 in the intervention community and 0.2 in the 

comparison community, but minutes walking decreased non-significantly by seven in the 

intervention community and 15 in the comparison community. Among those insufficiently 

walking pre-campaign, BC Walks respondents increased their walking significantly by 0.9 days 

and 62 minutes in the intervention community and 0.6 days and 36 minutes in the comparison 

community. Although greater increases among insufficient walkers were observed in the 

intervention communities compared with the comparison communities, the difference was 

only significant for change in minutes walking in BC Walks. 

 

Neighbourhood environment 

Associations between neighbourhood perceptions and changes in days and minutes walking, 

both among the whole sample and among those insufficiently walking pre-campaign, were 

mixed for both WV Walks and BC Walks (Tables 6.8 to 6.11). Three individual items (slow 

traffic speed, well-lit streets and presence of cross-walks and pedestrian signals) were 

significantly negatively associated with change in days or minutes walking in the comparison 

community in WV Walks (Tables 6.8 and 6.9). One item (interesting things to look at while 

walking) was significantly (positively) associated with change in (days) walking in BC Walks 

(Table 6.10). 

 

Mix of destinations and overall rating for walking 

Among those with a high destinations mix score, mean pre-campaign days walking, and mean 

increase in days walking among those insufficiently walking pre-campaign, were significantly 

greater in those in the intervention than in the comparison community (Table 6.8). Mean 

increase in days walked among insufficient walkers in the intervention community was 

significantly greater in those in the top half of the destinations score (mean=1.65), compared 

with the lower half (mean = 0.95). In the multivariate models, insufficient walkers in the top 

half of the destinations variable increased their walking 0.64 days more than insufficient 



 

109 
 

walkers in the bottom half (p<0.05) (Table 6.12). No significant differences in days walking by 

destinations mix were observed within the comparison community. Again, no differences in 

change in minutes walking were observed by mix of destinations or overall rating (Table 6.9). 
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     Table 6.8 WV Walks: Bivariate associations between environmental measures and days walking 

 Pre-campaign days walking  Change in days walking  Change in days walking among those 
insufficiently walking pre-campaign 

 Intervention group 
(North-Central West 

Virginia) 

Comparison group  
(Cabell County) 

Intervention group 
(North-Central West 

Virginia) 

Comparison group  
(Cabell County) 

Intervention group 
(North-Central West 

Virginia) 

Comparison group  
(Cabell County) 

 n=873 n=421 n=863 n=417 n=410 n=226 
 Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Streets in my neighbourhood are hilly 
making walking there difficult 

      

Disagree (facilitatory) 4.09 (2.65) 3.56 (2.69) 0.31 (2.57) 0.36 (2.54) 1.17 (2.75) 1.09 (2.59) 
Agree 3.95 (2.66) 3.54 (2.65) 0.31 (2.48) 0.07 (2.70) 1.30 (2.58) 0.64 (2.71) 

Sidewalks on most of the streets in my 
neighbourhood 

      

Agree (facilitatory) 3.95 (2.65) 3.40 (2.74) 0.25 (2.83) 0.19 (2.42) 1.25 (2.89) 0.82 (2.25) 
Disagree 4.03 (2.66) 3.69 (2.60) 0.34 (2.42) 0.28 (2.73) 2.25 (2.58) 0.92 (2.97) 

Surroundings are attractive while 
walking in my neighbourhood 

      

Agree (facilitatory) 4.04 (2.65) 3.52 (2.72) 0.34 (2.49) 0.24 (2.60) 1.28 (2.66) 0.93 (2.62) 
Disagree 3.94 (2.71) 3.75 (2.54) 0.22 (2.58) 0.17 (2.46) 1.10 (2.62) 0.63 (2.51) 

Neighbourhood streets are well lit at 
night 

      

Agree (facilitatory) 4.20 (2.57) 3.49 (2.63) 0.16 (2.58) 0.17 (2.25) 1.07 (2.84)   0.59 (2.23)* 
Disagree 3.97 (2.69) 3.65 (2.71) 0.36 (2.47) 0.34 (2.87) 1.31 (2.56) 1.31 (3.01) 

So much traffic makes it difficult or 
unpleasant to walk in my 
neighbourhood 

      

Disagree (facilitatory) 3.99 (2.67) 3.72 (2.65) 0.38 (2.56) 0.12 (2.61) 1.34 (2.72) 0.85 (2.61) 
Agree 4.12 (2.63) 3.28 (2.72) 0.18 (2.41) 0.46 (2.60) 1.05 (2.46) 1.03 (2.74) 

Speed of traffic on most nearby 
streets is usually slow  

      

Agree (facilitatory) 4.05 (2.65) 3.78 (2.68) 0.39 (2.41)   -0.09 (2.59)* 1.31 (2.60)   0.45 (2.65)* 
Disagree 3.98 (2.67) 3.33 (2.67) 0.25 (2.59) 0.59 (2.57) 1.31 (2.60) 1.36 (2.54) 

Crosswalks and pedestrian signals 
help walkers cross busy streets 

      

Agree (facilitatory) 4.32 (2.62) 3.34 (2.57) 0.03 (2.52) 0.12 (2.62) 1.16 (2.58) 0.40 (2.87) 
Disagree 3.98 (2.66) 3.64 (2.70) 0.38 (2.49) 0.28 (2.59) 1.30 (2.66) 1.10 (2.53) 
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     Table 6.8 Continued   

 Pre-campaign days walking  Change in days walking  Change in days walking among those 
insufficiently walking pre-campaign 

 Intervention group 
(North-Central West 

Virginia) 

Comparison group  
(Cabell County) 

Intervention group 
(North-Central West 

Virginia) 

Comparison group  
(Cabell County) 

Intervention group 
(North-Central West 

Virginia) 

Comparison group  
(Cabell County) 

 n=873 n=421 n=863 n=417 n=410 n=226 
 Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Composite NEWS score       
High (Scores 4 or more) 4.07 (2.64) 3.56 (2.67) 0.30 (2.67) 0.23 (2.52) 1.31 (2.84) 0.90 (2.46) 
Low (Scores 3 or less) 

Composite destinations mix score 
High (Scores 4 or more) 
Low (Scores 3 or less) 

Overall rating for walking 
Good/excellent 
Poor/fair 

3.98 (2.67) 3.55 (2.69) 0.33 (2.41) 0.26 (2.70) 1.22 (2.52) 0.92 (2.86) 

 
  4.16 (2.62)^ 

3.89 (2.69) 
 

4.06 (2.65) 
4.01 (2.65) 

 
3.62 (2.69) 
3.43 (2.65) 

 
    3.81 (2.66)* 

  3.25 (2.66) 

 
0.47 (2.56) 
0.18 (2.47) 

 
0.44 (2.53) 
0.19 (2.49) 

 
0.21 (2.47) 
0.29 (2.81) 

 
0.15 (2.52) 
0.34 (2.71) 

 
    1.65 (2.81)*^ 

0.95 (2.48) 
 

1.45 (2.65) 
1.04 (2.64) 

 
0.94 (2.32) 
0.85 (3.09) 

 
0.73 (2.73) 
1.18 (2.53) 

     *p<0.05 between Agree and Disagree, High and Low and Good/excellent and poor/fair groups 

     ^p<0.05 between intervention and comparison communities
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     Table 6.9 WV Walks: Bivariate associations between environmental measures and minutes walking 

 Pre-campaign walking minutes Change in walking minutes Change in walking minutes among those 
insufficiently walking pre-campaign 

 Intervention group 
(North-Central West 

Virginia) 

Comparison group  
(Cabell County) 

Intervention group 
(North-Central West 

Virginia) 

Comparison group  
(Cabell County) 

Intervention group 
(North-Central West 

Virginia) 

Comparison group  
(Cabell County) 

 n=838 n=405 n=786 n=389 n=389 n=220 
 Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Streets in my neighbourhood are hilly 
making walking there difficult 

      

Disagree (facilitatory) 250.18 (280.28) 182.03 (227.82) 21.44 (266.22) 32.13 (227.93) 97.88 (196.73) 86.10 (191.44) 
Agree 247.31 (286.63) 214.30 (267.65) 4.09 (270.01) 0.94 (248.81) 108.34 (197.05) 61.47 (152.78) 

Sidewalks on most of the streets in my 
neighbourhood 

      

Agree (facilitatory) 253.07 (298.87) 174.47 (228.13) 3.91 (291.24) 2.30 (221.67) 116.41 (215.44) 55.58 (141.42) 
Disagree 247.54 (278.91) 215.66 (261.43) 15.14 (262.87) 29.72 (240.60) 102.60 (197.12) 85.92 (189.49) 

Surroundings are attractive while 
walking in my neighbourhood 

      

Agree (facilitatory) 248.64 (281.25) 194.99 (247.47) 15.51 (266.74) 11.14 (226.74) 107.01 (199.87) 69.31 (161.41) 
Disagree 248.40 (292.96) 204.15 (247.40) -4.20 (280.92) 47.60 (263.41) 99.61 (211.48) 95.09 (220.58) 

Neighbourhood streets are well lit at 
night 

      

Agree (facilitatory) 258.20 (284.22)   172.74 (224.23)* -7.99 (268.69) 26.78 (229.21) 99.38 (195.80) 74.79 (180.86) 
Disagree 244.05 (281.34) 221.27 (263.11) 22.14 (268.04) 11.80 (246.22) 107.77 (201.01) 80.08 (176.38) 

So much traffic makes it difficult or 
unpleasant to walk in my 
neighbourhood 

      

Disagree (facilitatory) 246.45 (284.82) 189.18 (229.98) 13.46 (263.54) 27.70 (245.49) 105.69 (198.29) 79.76 (175.02) 
Agree 249.69 (276.51) 211.94 (276.77) 10.40 (280.75) -0.06 (219.06) 106 (209.78) 68.89 (184.43) 

Speed of traffic on most nearby 
streets is usually slow  

      

Agree (facilitatory) 255.98 (288.55) 204.12 (245.29) 0.54 (263.20) 9.02 (231.07) 93.61 (180.55) 62.86 (166.85) 
Disagree 237.82 (274.83) 187.78 (248.16) 28.34 (272.13) 30.27 (242.16) 117.43 (218.56) 89.07 (186.07) 

Crosswalks and pedestrian signals 
help walkers cross busy streets 

      

Agree (facilitatory) 290.23 (299.37) 164.01 (216.39) 7.14 (305.69) -4.49 (214.28) 143.29 (262.54)   37.92 (133.75)* 
Disagree 243.61 (280.40) 207.35 (254.96) 14.17 (264.75) 27.55 (243.46) 103.20 (195.00) 90.68 (189.38) 
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Table 6.9 Continued 

 Pre-campaign walking minutes Change in walking minutes Change in walking minutes among those 
insufficiently walking pre-campaign

 

 Intervention group 
(North-Central 
West Virginia) 

Comparison group  
(Cabell County) 

Intervention group 
(North-Central 
West Virginia) 

Intervention group 
(North-Central 
West Virginia) 

Comparison group  
(Cabell County) 

Intervention group 
(North-Central 
West Virginia) 

 n=838 n=405 n=786 n=838 n=405 n=786 
 Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Composite NEWS score       
High (Scores 4 or more) 251.90 (285.39) 174.49 (222.11) -0.11 (271.27) 23.13 (235.50) 104.10 (196.93) 75.24 (172.27) 
Low (Scores 3 or less) 

Composite destinations mix score 
High (Scores 4 or more) 
Low (Scores 3 or less) 

Overall rating for walking 
Good/excellent 
Poor/fair 

245.06 (281.30) 223.50 (272.11) 21.05 (266.74) 14.54 (237.70) 106.50 (204.14) 76.97 (183.76) 

 
263.57 (289.50) 
233.39 (275.90) 

 
268.41 (295.45) 
227.21 (267.47) 

 
199.64 (244.07) 
189.70 (250.71) 

 
194.90 (238.18) 
201.90 (260.49) 

 
1.71 (260.65) 

22.45 (275.58) 
 

9.94 (265.25) 
17.19 (270.71) 

 
22.58 (243.64) 
13.80 (223.40) 

 
18.08 (222.12) 
20.15 (258.58) 

 
111.95 (187.85) 
100.59 (210.94) 

 
109.90 (207.71) 
104.28 (195.27) 

 
78.33 (181.18) 
72.14 (170.49) 

 
69.00 (159.42) 
87.91 (200.51) 

     *p<0.05 between Agree and Disagree, High and Low and Good/excellent and poor/fair groups 

     ^p<0.05 between intervention and comparison communities 
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     Table 6.10 BC Walks: Bivariate associations between environmental measures and days walking 

 Pre-campaign days walking Change in days walking Change in days walking among those 
insufficiently walking pre-campaign 

 Broome  
County 

Chautauqua 
County 

Broome  
County 

Chautauqua 
County 

Broome  
County 

Chautauqua 
County 

 n=390 n=204 n=389 n=201 n=263 n=146 
 Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

I can do most of my shopping at 
local stores 

      

Agree (facilitatory) 3.32 (2.45) 2.76 (2.25) 0.40 (2.53) 0.29 (2.37) 0.85 (2.49) 0.62 (0.61) 
Disagree 2.89 (2.53) 2.69 (2.55) 0.56 (2.66) 0.16 (2.54) 1.14 (2.69) 0.61 (2.38) 

There are many shops within easy 
walking distance of my home 

      

Agree (facilitatory) 3.33 (2.57) 2.74 (2.15) 0.61 (2.73) 0.08 (2.38) 0.96 (2.82) 0.57 (1.69) 
Disagree 3.08 (2.45) 2.74 (2.41) 0.41 (2.46) 0.30 (2.45) 0.96 (2.39) 0.63 (2.45) 

There are many places to go within 
easy walking distance of my home 

      

Agree (facilitatory) 3.33 (2.53) 2.83 (2.38) 0.45 (2.49) 0.04 (2.67) 0.92 (2.49) 0.63 (2.32) 
Disagree 3.07 (2.45) 2.69 (2.34) 0.45 (2.62) 0.36 (2.28) 0.96 (2.59) 0.62 (2.29) 

There is tree cover or canopy along 
the footpaths in my local area 

      

Agree (facilitatory)   3.51 (2.43)* 2.99 (2.16) 0.47 (2.37) 0.12 (2.51) 1.11 (2.25) 0.58 (2.18) 
Disagree 3.01 (2.49) 2.60 (2.50) 0.44 (2.64) 0.33 (2.36) 0.89 (2.63) 0.64 (2.39) 

There are trees along the streets in 
my local area 

      

Agree (facilitatory) 3.21 (2.48) 2.85 (2.34) 0.38 (2.57) 0.24 (2.46) 0.86 (2.57) 0.67 (2.30) 
Disagree 2.87 (2.52) 1.81 (2.25) 0.79 (2.47) 0.29 (2.15) 1.28 (2.37) 0.25 (2.20) 

There are many interesting things to 
look at while walking  

      

Agree (facilitatory)   3.34 (2.42)* 2.77 (2.23) 0.46 (2.44) 0.32 (2.57) 1.04 (2.37)   0.76 (2.36)* 
Disagree 2.74 (2.59) 2.67 (2.66) 0.41 (2.87) 0.04 (1.98) 0.76 (2.88) 0.23 (2.06) 

Composite NEWS score       
High (Scores 4 or more) 3.34 (2.43) 2.74 (2.17) 0.61 (2.42) 0.12 (2.53) 1.04 (2.30) 0.55 (2.17) 
Low (Scores 3 or less) 3.00 (2.52) 2.74 (2.49) 0.32 (2.66) 0.34 (2.34) 0.86 (2.71) 0.67 (2.39) 

     *p<0.05 between Agree and Disagree and High and Low groups 



 

 

1
1

5
 

     Table 6.11 BC Walks: Bivariate associations between environmental measures and minutes walking 

 Pre-campaign walking minutes Change in walking minutes Change in walking minutes among those 
insufficiently walking pre-campaign

 

 Broome  
County 

Chautauqua 
County 

Broome  
County 

Chautauqua 
County 

Broome  
County 

Chautauqua 
County 

 n=370 n=200 n=370 n=200 n=265 n=149 
 Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

I can do most of my shopping at 
local stores 

      

Agree (facilitatory) 160.40 (236.24) 162.29 (254.01) -0.84 (224.08) -13.12 (247.77) 57.30 (119.51) 42.45 (153.65) 
Disagree 143.45 (231.48) 108.58 (191.22) -19.50 (252.55) -19.57 (163.98) 72.21 (169.93) 25.00 (83.80) 

There are many shops within easy 
walking distance of my home 

      

Agree (facilitatory) 172.64 (255.46) 171.63 (267.72) -3.74 (233.89) -68.47 (265.04) 48.27 (94.10) 32.86 (142.53) 
Disagree 145.74 (224.89) 135.43 (224.65) -7.37 (232.53) 1.98 (205.34) 67.58 (150.18) 36.97 (129.47) 

There are many places to go within 
easy walking distance of my home 

      

Agree (facilitatory) 162.54 (240.75) 147.33 (242.37) -6.11 (231.91) -41.44 (213.97) 53.99 (118.63) 33.46 (122.55) 
Disagree 148.85 (230.23) 143.21 (233.61) -6.88 (234.14) -0.13 (228.11) 67.58 (150.18) 37.92 (138.26) 

There is tree cover or canopy along 
the footpaths in my local area 

      

Agree (facilitatory)   190.79 (254.69)* 147.33 (233.07) -30.20 (256.51) -17.39 (231.59) 63.59 (132.74) 30.81 (116.60) 
Disagree 137.15 (222.84) 146.23 (242.22) 6.72 (221.65) -13.88 (220.37) 64.26 (141.91) 42.73 (147.62) 

There are trees along the streets in 
my local area 

      

Agree (facilitatory) 148.53 (222.53) 151.87 (240.50) -10.79 (232.32) -16.88 (234.02) 57.09 (137.42) 40.93 (138.34) 
Disagree 177.46 (284.84) 79.76 (182.41) 14.92 (233.16) -1.67 (79.71) 83.48 (135.22) 4.25 (76.90) 

There are many interesting things to 
look at while walking  

      

Agree (facilitatory)   166.33 (235.52)* 142.33 (226.70) -8.19 (231.76) -23.45 (235.28) 64.72 (138.52) 39.36 (132.39) 
Disagree 126.62 (232.02) 149.90 (262.04) -7.59 (235.51) 7.96 (182.84) 54.44 (133.28) 26.87 (132.79) 

Composite NEWS score       
High (Scores 4 or more) 167.71 (240.14) 133.17 (221.15) -14.35 (240.36) -22.39 (232.53) 59.67 (117.31) 34.62 (146.15) 
Low (Scores 3 or less) 141.82 (228.48) 153.41 (247.67) -0.34 (226.14) -9.46 (215.44) 63.18 (150.77) 37.11 (120.80) 

     *p<0.05 between Agree and Disagree and High and Low groups 
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Table 6.12 WV Walks: Effect of living in a neighbourhood with a high, compared with a 

low destinations score, on change in days walked 

 Change in days walked Change in days walked among 
those insufficiently walking pre-

campaign
1
 

 Intervention 
community 

(North-Central 
West Virginia) 

Comparison 
community  

(Cabell County) 

Intervention 
community 

(North-Central 
West Virginia) 

Comparison 
community  

(Cabell County) 

 n=777 n=388 n=386 n=220 
 β (95% CI) β (95% CI) β (95% CI)

 
β (95% CI)

 

Composite destinations 
mix score 

    

High vs. Low
 

0.258  
(-0.09,0.60) 

-0.017  
(-0.54,0.50) 

  0.639* 
(0.13,1.18) 

0.231  
(-0.48,0.94) 

Models adjusted for gender, age and education. CI = Confidence interval. 
1
Insufficiently walking based on walking < 150 minutes per week 

*p<0.05 between High and Low groups 

 

6.4.4 Relationship between cognitive and behavioural impacts 

As the destinations mix score was the only environmental measure associated with walking, 

specifically days walking, the measure was used to identify any moderating effects of the 

association between awareness and days walking. Overall, change in days walking was higher 

among those aware than those not aware of the campaign, however not significantly (Table 

6.13). There was also little evidence that mix of destinations moderated the relationship 

between awareness and change in days walking. In the overall linear model, the interaction 

term between destinations score and awareness of WV Walks was not significant. However, 

among those insufficiently walking pre-campaign and aware of WV Walks post-campaign, 

mean change in days walking was significantly higher among those living in a neighbourhood 

with high, compared with low, mix of destinations (Table 6.13). Those with high destinations 

mix scores increased their walking 0.64 days more than those with low destinations mix scores 

if they were aware (p<0.05), and by 0.71 days (not significant) if they were not (Table 6.14). 
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Table 6.13 WV Walks: Mean change in days walking among the intervention community 
 Change in days walking Change in days walking among 

those insufficiently walking  
pre-campaign

1
 

 Aware Not aware Aware Not aware 
 n=664 n=181 n=316 n=87 
 Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Overall  0.37 (2.49) 0.08 (2.65) 1.33 (2.67) 0.95 (2.56) 
     

Composite destinations 
mix score 

    

High (4-15 destinations) 0.49 (2.55) 0.30 (2.61)   1.69 (2.84)* 1.32 (2.66) 
Low (0-3 destinations) 0.22 (2.44) 0.04 (2.63) 1.03 (2.49) 0.73 (2.51) 

‘Aware’ and ‘Not aware’ refers to post-campaign awareness. SD = Standard deviation.  
1
Insufficiently walking based on walking < 150 minutes per week 

*p<0.05 between high and low destination mix 

 

Table 6.14 WV Walks: Adjusted effect of living in a neighbourhood with a high, 

compared with a low, mix of destinations, on change in days walked among 

the intervention community 

 Change in days walking Change in days walking among 
those insufficiently walking  

pre-campaign
1
 

 Aware Not aware Aware Not aware 
 n=661 n=177 n=316 n=87 
 β (95% CI) β (95% CI) β (95% CI)

 
β (95% CI)

 

Composite destinations 
mix score 

    

High vs. Low
 

0.250  
(-0.14,0.64) 

0.240  
(-0.60,1.08) 

 0.640* 
(0.04,1.24) 

0.706  
(-0.46,1.87) 

Models adjusted for gender, age and household income. ‘Aware’ and ‘Not aware’ refers to post-
campaign awareness. CI = Confidence interval.  
1
Insufficiently walking based on walking < 150 minutes per week 

*p<0.05 between High and Low destinations mix  

 

6.5 DISCUSSION 

The overall campaign walking results showed that BC Walks respondents did less walking pre-

campaign than WV Walks respondents. This may be due to the BC Walks sampling strategy 

recruiting insufficiently active adults (based on doing <30 minutes of moderate-intensity 

physical activity five times per week or 20 minutes vigorous activity three time per week). WV 

Walks appeared to have a larger effect on walking than BC Walks however awareness of the 

campaigns were similar, with 44-49% of respondents being aware of the specific campaign. 

Modest evidence was found in WV Walks that perceptions of the local environment 

moderated the behavioural impacts of a walking social marketing campaign. Among 

insufficiently active walkers, significantly larger effects on days walking in the intervention 
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community were observed in respondents with a higher mix of different local destinations 

when compared with those with a lower mix. This suggests that living in a neighbourhood with 

a greater mix of local destinations may increase the behavioural response to a mass-media 

walking-focused campaign among insufficiently active adults. Nevertheless, the interaction 

terms between intervention effect and environmental measures were not significant. In 

addition, mix of destinations did not moderate the relationship between awareness and 

behaviour. There was also no evidence of moderation for any of the single measures of: overall 

rating of the local area for walking, aesthetics, safety, walking/cycling facilities or access to 

services or the scores combining these neighbourhood attitudes. 

Proximity to destinations has been more consistently associated with walking in the literature 

than these other features (Saelens & Handy  2008) which was reflected in this study’s findings 

on moderation of campaign effect by destinations. This study’s findings on positive moderation 

of campaign behavioural effects by destinations support that of one other US study based on 

data from a women’s walking program in Chicago (Zenk et al.  2009). Zenk and colleagues 

(2009) found that having one or two indoor walking facilities (recreation centres and shopping 

malls) within the neighbourhood was positively associated with meeting intervention walking 

targets. However, others who used cumulative destination or land use mix scores did not find 

it moderated campaign effects (Kerr et al.  2010). In the current study, the finding was only 

among the insufficiently active group whereas no other studies examining a destinations 

measure stratified their sample by baseline physical activity level. This may be an important 

distinction indicating that there is a three-way interaction between physical activity level at 

baseline, the environment and intervention effect.  

Overall, there were no such findings in the current study for NEWS individual items or NEWS 

composite scores in either campaign. This is in contrast to previous intervention studies (King 

et al.  2006b; Merom et al.  2009). In the current study, a collection of NEWS items were asked 

but not all items within the environmental scales. Using individual NEWS items intended to be 

part of a scale, may not have adequately measured the features of interest. On the other hand, 

an Australian intervention study that used individual NEWS items found differential campaign 

responses by presence of streetlights, perceived safety and aesthetics in (Merom et al.  2009). 

As some items may show higher levels of reliability and validity in certain samples, to maximise 

the effectiveness of survey tools for capturing environmental features, future studies may 

need to include full scales of tools they are using. 

This study did not find any evidence that perceptions of the environment (NEWS individual 

items or scale, destination mix and overall rating of area for walking) moderated awareness of 
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mass media walking campaigns. Only one other study investigated moderation of campaign 

awareness, and did find a difference in campaign awareness by objectively measured 

proximity to the trail. However, this particular media campaign included specific promotion of 

the trail, so awareness among those closer to the trail was highly likely. For a general 

community mass media campaign, it may be that the presence of several neighbourhood 

features or the neighbourhood environment as a whole, moderates campaign awareness. A 

composite measure of environmental variables such as walkability may therefore be necessary 

as was done in Find Thirty (Chapter 5). That study appeared to be underpowered to detect 

significant interactions between campaign effect and walkability but showed substantial 

differences in effect on awareness between high and lower walkability. Unfortunately, street 

addresses were not asked in WV Walks or BC Walks and objective environmental data for the 

areas were not available. 

No evidence was found to suggest that the built environment moderated the relationship 

between awareness and days walking. The unadjusted results showed that among those 

aware, change in days walking was significantly higher in respondents with a high compared 

with a low mix of destinations. The difference among those not aware was smaller and not 

significant. However in the adjusted results, the interaction term between awareness and 

destinations mix was not significant. Furthermore, in the adjusted stratified results the 

difference in campaign effect on days walking, between those with a high compared with a low 

mix of destinations,  was only significant among those aware but the effect sizes were similar 

among those aware and not aware. It is likely therefore, that the effect was significant among 

those aware because of the larger group size.  

There are a number of limitations of the current study. First, self-reported walking was used as 

the outcome, which can be over reported (Australian Institute of Health and Welfare  2003).  

Second, the walking measure was an overall walking item and previous studies have suggested 

that walking trips for transport and recreation should be measured separately when assessing 

relationships with environmental features (Owen et al.  2004). Third, the walking measure was 

not specific to the neighbourhood environment, whereas the environmental measures were, 

and this mismatch may have resulted in weaker or attenuated associations (Giles-Corti et al.  

2005b). Finally, the environment was also measured using self-reported survey items. There 

has been a call for more use of objective measures of the environment, with verification using 

self-reported measures (Saelens & Handy  2008).  

Despite these limitations, this is the first study to investigate behavioural response to a social 

marketing campaign by perceived mix of local destinations and takes the next logical step for 
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intervention research concerned with increasing physical activity, and building on the 

longitudinal evidence that the environment is associated with changing physical activity 

behaviour. It raises study and measurement design issues which are discussed in the final 

chapter which follows. This study’s findings suggest that living in a neighbourhood with a 

greater mix of local destinations may increase the behavioural response to a mass-media 

walking campaign among insufficient walkers. However, given the limited and mixed findings 

in the literature on this topic to date, final conclusions cannot be made on whether the 

environment moderates mass media campaign impact and if so, in what direction.  
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Chapter 7 

 

Discussion 

 

7.1 INTRODUCTION 

This thesis sought to answer the question: are the effects of mass media led physical activity 

campaigns moderated by an individual’s neighbourhood environment? It investigated whether 

environmental supports enhance mass media communication efforts aimed at individual 

cognitions. The research question and study design were based on a social ecological 

framework suggesting there are multiple levels of influence on behaviour.  Data were sourced 

from three mass media led campaigns, each promoting 30 minutes of daily activity to adults. 

Both self-reported and objectively measured environmental features were examined for 

interaction with the campaigns’ effects on cognitive and behavioural outcomes. 

This chapter summarises the main findings, makes comparisons across the three campaigns 

and then discusses these findings in the context of existing knowledge. The strengths and 

limitations are then described followed by discussion of the implications for future research. 

 

7.2 SUMMARY OF KEY FINDINGS 

The underlying hypothesis for this study was that the environment positively moderates 

cognitive campaign impacts, behavioural impacts, and the relationship between cognitive and 

behavioural impacts. Findings are compared across the three studies in Table 7.1 and the key 

findings are summarised here. Overall, there was little evidence of moderation and the few 

significant findings observed were mixed. Thus, the thesis hypothesis was rejected.  

A specific aim of the analyses of Find Thirty every day was to examine objectively measured 

walkability and destinations mix to assess if there was moderation of cognitive and 

behavioural campaign effects by these environmental factors. In addition, neighbourhood 

perceptions of access to places to be active, knowledge of recreational facilities and sporting 

clubs and neighbourhood safety were examined for associations with cognitive campaign 

effects. Contrary to expectations, significant interactions were found suggesting that the mix 

of destinations negatively moderated some cognitive campaign impacts (Chapter 5, pages 69-

72). Those with a mix of fewer destinations were more likely to accept the campaign message 
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and take action than those with a greater mix. Environmental perceptions were not associated 

with cognitive campaign effects. In terms of behaviour, again significant negative interactions 

were found whereby the mix of destinations negatively moderated the likelihood of achieving 

sufficient levels of overall walking (but no other behavioural effects): i.e., people living in 

neighbourhoods with a greater mix of destinations, did less walking (Chapter 5, pages 73-76). 

Neither neighbourhood walkability nor neighbourhood perceptions moderated campaign 

behavioural impacts.  

Due to the unexpected moderating effects observed in the Find Thirty campaign, a number of 

diagnostic tests were undertaken.  First, an investigation was conducted to assess whether the 

behavioural measures used in the Find Thirty campaign may have accounted for the results 

i.e., the Find Thirty campaign only measured walking trips in excess of 10 minutes that were 

not specific to the neighbourhood context.  Thus, another Perth dataset was used to assess if 

relationships between neighbourhood walkability and walking variables were stronger when 

using specific neighbourhood transport and overall walking measures, and those that did not 

restrict walks to a 10 minute or more trip duration. Some evidence was found that context-

specific measures of walking (i.e., walking in the neighbourhood) were more strongly 

associated with walkability than overall measures (Chapter 5, pages 85-87). However, there 

was no evidence that the 10 minute minimum trip duration was responsible for weaker 

associations between walking and neighbourhood walkability. 

In WV Walks, conducted in North-Central West Virginia, somewhat different results were 

observed. This study examined the extent to which perceptions of general destinations mix, 

access to services, access to walking and cycling facilities, crime and traffic safety, aesthetics 

and an overall rating of the local area for walking are associated with awareness and 

behavioural campaign effects. In addition, general destinations mix was examined for 

interaction with campaign effects on change in days walked only. No significant associations 

with campaign awareness were identified. For behaviour, among the intervention community, 

those with a greater mix of destinations increased their days walking significantly more than 

those with a lower mix of destinations (Chapter 6, pages 108-109, 111 and 116). While the 

interaction term testing this difference did not reach statistical significance, no such 

association was observed in the comparison community. The results therefore suggested a 

positive moderating effect of the environment on behavioural campaign impact, which was 

consistent with the hypothesis.  These results were in contrast to the findings of Find Thirty. 

No other environmental perceptions moderated this relationship in the WV Walks campaign, 

nor was there any evidence that the environment moderated campaign awareness or the 

relationship between awareness and behavioural impacts.  
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In the BC Walks campaign undertaken in Broome County, New York State, only a limited 

number of environmental variables were available. Perceptions of access to services and 

aesthetics were examined for associations with campaign awareness and behavioural impacts, 

but there was no evidence of any moderating effects.  

These findings are presented in Figure 7.1. 

 

Table 7.1 Summary of thesis findings across the three campaigns examined 

 Find Thirty every day WV Walks BC Walks 

Cognitive impacts    

Non-specific 
campaign awareness 

N/A No differences No differences  

Campaign awareness No differences No differences No differences 

Comprehension No differences N/A N/A 

Acceptance Significant negative 
interaction where 
those with a low mix of 
different destinations 
were more likely to 
accept the campaign 
message than those 
with a high mix 

N/A N/A 

Intention No differences N/A N/A 

Action Significant negative 
interaction where 
those with a low mix of 
different destinations 
were more likely to 
take action than those 
with a high mix 

N/A N/A 

Behavioural impacts    

Transport walking  No differences N/A N/A 

Overall walking Significant negative 
interaction where 
those with a low mix of 
different destinations 
were less likely to 
achieve sufficient 
overall walking than 
those with a high mix 

Significant differences 
between those with high 
and low mix of local 
destinations among 
insufficient walkers. 
Relationship not present 
in comparison 
community 

No differences  

Total physical activity No differences  N/A N/A 

The relationship between cognitive and behavioural impacts 

Awareness and 
overall walking 

N/A Significantly higher 
change in days walking 
for those aware if high 
(compared with low) 
destination mix. 
However, effect size for 
those Not Aware was 
higher than for those 
Aware but not significant  

N/A 
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Figure 7.1 Conceptual model presenting moderation analyses tested and resulting 

evidence 

(+) Denotes evidence of a positive moderating effect, (-) denotes evidence of a negative moderating 

effect, (0) denotes no evidence found 

 

7.3 DISCUSSION OF KEY FINDINGS 

This is the first study to identify access to a mix of destinations as a potential moderator of 

physical activity mass-reach intervention effects. Destination mix was explored in two 

campaigns, Find Thirty every day and WV Walks. However, contrary to the current study’s 

hypothesis, in the Find Thirty campaign a negative moderating effect was observed, whereby 

those with a greater mix of destinations were less likely to accept the campaign message, take 

action and achieve sufficient activity through walking. The literature consistently reports 

positive associations between land use or destinations mix and thus it was expected that those 

exposed to the campaign with a mix of more destinations would walk more. Another study 

that examined destinations mix for moderating effect on campaign outcomes found no 

evidence of moderation (Kerr et al. 2010). As discussed in Chapter 5, there are several 

plausible explanations for the findings observed in the current study. First, the television and 

print Find Thirty campaign advertisements featured predominantly residential low density 

neighbourhoods and were not focussed on walking to a destination. It is possible, that these 

advertisements were not salient to respondents with access to many different local 

destinations. Second, it could be that simply measuring the ‘mix’ of local destinations did not 
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adequately capture salient attributes of destinations (e.g., quality) that might make them 

appealing for walking beyond merely distance from home. Third, others have found that 

relationships between some environmental features and transport walking were not linear but 

a threshold had to be met and a positive association was present only at higher levels of the 

environmental features (Van Dyck et al.  2012). In the current study there may have been 

limited variation in the environment and the quantum of destinations required to positively 

moderate walking may not have been met. 

However, the focus of the current study was the interaction between the neighbourhood 

environment and mass media campaign effects, rather than simply associations between the 

built environment and walking. Thus, it is plausible that the negative interactions observed, 

suggests that the campaign may have helped to narrow the gap in walking between residents 

with high and low mixes of destinations. Significantly more residents of neighbourhoods with a 

higher mix of destinations already walked at sufficient levels pre-campaign compared with 

those living in less supportive environments. The campaign appears to have closed the gap 

between those sufficiently active in areas with a low destinations mix and those living in 

neighbourhoods with a high destinations mix. Indeed, in those in the high destinations mix 

group, there was no significant change in the proportion of those sufficiently walking from pre- 

to post-campaign.  These results may suggest that the campaign encouraged those with fewer 

opportunities for local walking to walk more. Self-selection could be a contributing factor 

because if individuals have chosen to live in an environment with a high mix of destinations to 

be active then campaigns would have less impact. The notion that a behavioural intervention 

could overcome environmental inequalities has been raised by others (Kerr et al.  2010; 

Merom et al.  2009). For example, Kerr et al. (2010) found that walkability and Merom et al. 

(2009) found neighbourhood aesthetics negatively moderated campaign effects on walking.  

Both of these study interventions included individual level strategies to potentially address 

environmental barriers. In addition, others have suggested that positive beliefs about walking 

may help individuals to overcome environmental barriers to leisure time walking, including 

limited access to recreational facilities and parks  (Ding et al.  2012).  

Thus the results observed in the current study lead to a rejection of the original hypothesis, 

that the environment positively moderates campaign effects.  However, based on the findings 

from this study and others (Kerr et al.  2010; Merom et al.  2009) an alternative hypothesis 

seems to have emerged: i.e., a ‘compensation theory’. Acting on campaign messages and 

changing behaviour may not necessarily depend on the pre-requisite of having both 

encouragement to walk (in this case through exposure to a campaign) and living in a 

supportive environment for walking, but rather the presence of either may contribute to 
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undertaking more walking. One may compensate for the other. The results highlight the 

potential importance of motivational campaigns to assist those in less supportive 

environments to become more physically active.  

Nevertheless findings on destination mix from the two campaigns in Australia and the US were 

inconsistent. In WV Walks, there was evidence of a positive moderating effect for destinations 

mix, though only among insufficiently active walkers. This finding indicated that those in the 

intervention community, who were insufficiently walking pre-campaign, increased their 

walking if they perceived a mix of local destinations. Walking correlates for a particular feature 

can be quite different when perceived versus objective measures are used, and this might 

explain the current moderation findings for general destinations mix. In the Find Thirty 

campaign, objective data were used, while in WV Walks, perceptions of the built environment 

were used. Destinations nearby have been found to be overestimated in terms of perceptions 

of distance from home and destinations further away generally underestimated (McCormack 

et al.  2008a). Moreover, poor agreement between objective and self-reported measures for 

access to recreational facilities specifically has also been demonstrated with up to 78% of 

respondents reporting a specific recreational facility was within 2 kilometres of their home 

contrary to objective data (Ball et al.  2008). It is possible that respondents may have recalled 

destinations that fell beyond say a 1600m distance from home, which was the maximum 

distance for neighbourhood buffers measured in Find Thirty. Perceptions of neighbourhood 

destinations are likely to be destinations that respondents are familiar with, and not 

necessarily what is present within say 1600m of home in every walkable direction. Familiar 

destinations may all be in one direction only and not within a 1600m road network distance 

buffer. Figure 7.2 depicts an example of this scenario. Therefore, in this situation, positive 

moderating effects may be more likely for perceptions that destinations are close rather than 

the actual presence within a defined distance or network buffer. For example higher walking 

levels have been observed when perceptions of neighbourhood walkability are positive despite 

objectively measured neighbourhood walkability being low (Gebel et al.  2009). This suggests 

that in the context of interventions, perceptions and actual environments act differently, and 

neither is a gold standard measure as they assess different things. Future studies may wish to 

address this issue by using both self-reported and objective methods for measuring 

destination mix in the same geographical context, as there remains a need to integrate the two 

methods (Duncan & Mummery  2005). 
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Figure 7.2 Example of perceived versus actual destinations within the neighbourhood 

 

Other studies of moderation have used varying destinations access measures including 

destinations mix. Notably, unlike in this study, only studies using objective measures have 

previously found significant effects on intervention outcomes. These studies include proximity 

to a rail trail which was positively associated with awareness of a media campaign promoting 

the use of the trail and cycling minutes (Merom et al.  2003), availability of walking facilities 

which was positively associated with meeting intervention walking targets (Zenk et al.  2009) 

and land use mix which was positively associated with step counts (Robertson et al.  2012). 

Self-reported measures of destination access have not been found to moderate intervention 

effects unless combined with items measuring other environmental features. In this regard, for 

example, the sum of scales assessing perceptions of places nearby to walk to and perceptions 

of neighbourhood safety and aesthetics, was significantly associated with positive beliefs 

about walking post-campaign (Wray et al.  2005) and also moderated intervention effects on 

walking (Brownson et al.  2005). Thus, with the exception of the current WV Walks study, no 

Respondent’s home 
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other study has reported moderation by perceptions of proximate destinations. This may be 

explained by the sample involved. In WV Walks the finding was only significant among 

insufficiently active walkers and most previous studies were based on general populations. 

This may further clarify these mixed findings. In the WV Walks study the perceived destination 

mix was only significant among those who walked insufficiently. No previous studies examined 

the moderating effect of ‘destination mix’ on the impact specifically on insufficiently active 

respondents (Kerr et al.  2010).  Future intervention studies examining moderation might wish 

to examine this important group separately to examine if their response to an intervention is 

different to the general population sample. Indeed, there may be a three-way interaction 

between physical activity level at baseline, the environment and intervention effect, 

suggesting that studies need to be powered accordingly. 

Given the substantial evidence that objectively measured land use mix and proximity to non-

residential destinations is associated with transport and overall walking and cycling behaviours 

(Badland & Schofield  2005; McCormack & Shiell  2011; Saelens & Handy  2008), the results of 

this study suggest that objective measures of destinations should also be an important focus of 

future moderation studies. It may also be necessary to look at the interaction between 

perceived and objective measures as they assess different things. Objective measures of 

destination mix have rarely been examined specifically and this warrants further investigation. 

Similarly, objectively measured walkability is also recommended, particularly for intervention 

studies promoting transport walking. Neighbourhood walkability is a consistent correlate of 

transport walking. Nevertheless, the only study to observe a significant moderating effect of 

walkability on intervention effects using an objective measure (Kerr et al.  2010), found a 

negative moderating influence. 

Thus, in summary this study found little evidence that perceived environmental features 

moderated campaign effect, with the exception of the destination mix variable in the WV 

Walks study. Across the three campaign studies examined, single items were used to measure 

access to places to be active, knowledge of recreational facilities and local sporting clubs and 

neighbourhood safety and aesthetics. As noted above, inclusion of objective measures of land 

use or destinations mix and walkability are advised in future studies. In the case of safety and 

aesthetics, there is no evidence to date that objective measures of these features moderate 

campaign effects. Some reviews of environmental correlates of walking postulate that 

perceptions of safety may be more likely to influence walking behaviour than objective 

measures (Foster & Giles-Corti  2008; Heath et al.  2006; McCormack et al.  2004). The 

inclusion of single perceived environmental measures in the current study however may have 

contributed to the findings observed. This is for two reasons. First, many of the reliable and 
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validated tools measuring perceptions of the environment are designed to use scales to 

measure each feature, with several items used to measure the same feature. Use of single 

items is a major limitation as some dimensions of the scale are likely to be missed. Second, 

while the tools may have been validated in several countries, environments and people’s 

perceptions of their environments can still differ across communities and some items will have 

better reliability and validity in particular samples than others. Our findings, for example, do 

not support those of King and colleagues (2006b) who included the full range of NEWS safety 

items and found significant interactions with one traffic safety item in three activity trials and 

one personal safety item in one trial. Perceived measures of aesthetics may also be more 

proximal and important than objective measures. Recent findings suggest that objectively 

measured environmental aesthetics do not support physical activity (McCormack & Shiell  

2011). Merom and colleagues (2009) included only two aesthetics items in their survey which 

were similar to the Australian NEWS items (i.e., level of greenery and interesting scenery), but 

had moderate internal consistency when combined together (Cronbach’s α = 0.55). 

Nevertheless, the two-item aesthetic scale had a significant negative moderating effect and it 

may be that the selected items were most relevant to that particular sample or had the highest 

factor loadings (which were not reported). Future studies may therefore consider including 

enhanced safety and aesthetics measures, including the complete scales of reliable, validated 

measures for example, the NEWS scale (Saelens et al.  2003a); in order to explore whether  

significant interactions with these features are observed.  

Mixed findings are consistently reported in this area of research, findings reinforced by the 

current study. To better understand the current study’s findings and the evidence-base to 

date, a review considered the design and measures used in each study undertaken to date. 

The review critiqued the evidence-base based on lessons learnt from the research field of 

environmental correlates of physical activity. The aim was to identify the extent to which 

studies of environmental moderation had common limitations which may explain the findings. 

From this, a recommended criterion for environmental moderation studies was developed. 

The results are presented in Table 7.2 with a summary of the extent to which existing studies 

have used aspects of this criterion. 

 

Identified limitations across moderation studies 

In summary, the evidence to date suggests that overall few significant interactions have been 

observed in moderation studies of the built environment and campaign impacts. Firstly, most 

studies undertaken to date did not apply a sampling strategy that aimed to maximise 
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environmental variation. This may underestimate the impact of the built environment and 

limit the ability to detect differences in associations with walking or physical activity. Rather, 

the samples recruited for the evaluation studies were generally via random digit dialling which 

is random rather than designed to stratify by the environment. The environment can differ 

considerably across a community but this level of variability is not necessarily maximised when 

using random samples sourced by telephone. The sample recruited may actually have similar 

environments. It is therefore unlikely that differences would be observed in walking between 

the least and most supportive environments (Frank et al.  2005; Giles-Corti et al.  2005b).  

Understanding the impact of the environment does not appear to have been a main focus of 

the intervention studies reviewed.  Rather the study of moderation formed part of a secondary 

analysis. Sampling respondents with the aim of maximising environmental variation is common 

practice in environmental studies (Frank et al.  2006; Owen et al.  2007).  

Second, no study reviewed used context-specific behavioural outcome measures, that is, 

specific to activities done in the neighbourhood which was the environment measured. Lack of 

context-specific behavioural measures has been raised as an issue in environmental studies 

because people behave differently in different settings (Giles-Corti et al.  2005a; Humpel et al.  

2002). Therefore, if the environment measured is the neighbourhood environment, it is 

unlikely to be associated with walking done elsewhere (e.g., in the work environment). Giles-

Corti and colleagues (2006) found that 52% of walking takes place outside the neighbourhood 

which could introduce considerable measurement error. To understand the effect of the 

environment measured there is growing recognition that the outcome measure needs to be 

specific to that activity context. The Neighbourhood Physical Activity Questionnaire (NPAQ) 

(Giles-Corti et al.  2006) was developed to separately capture walking undertaken within and 

outside the neighbourhood, and to distinguish between transportation and recreational 

walking in each context. The analysis of data from the RESIDE study in this thesis, showed 

slightly larger effect sizes when using context-specific walking measures (from NPAQ) to 

compare odds of transport walking across neighbourhood walkability quartiles. This provides 

some preliminary evidence that studies may benefit from using context specific measures of 

(say) walking to adequately assess the effect of neighbourhood walkability on walking. 

Nevertheless, investigators in the environment and physical activity field have called for 

context-specific behavioural measures as these may strengthen associations (McCormack et al.  

2004).  

Third, in addition to context-specific activity measures, behaviour-specific activity measures 

were also not included in any of the studies of moderation. Individual level interventions may 

differentially affect different activities. Thus it would seem important to measure the 
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outcomes that are specifically promoted in campaigns (rather than simply measuring physical 

activity or walking overall). For instance, recreational walking was the most promoted activity 

across all the studies reviewed as well as the current study but it is not clear what effect the 

interventions had on recreational walking per se, given all the studies used an overall walking 

measure which includes transport walking. This is important given that recreational and 

transport-related walking are very different behaviours with very different motivations. 

Furthermore, different environmental features are associated with different types of walking. 

For example, walkability and land use mix are consistently associated with transport walking 

and access to sidewalks and aesthetics more consistently associated with walking for 

recreation (McCormack et al.  2004; Owen et al.  2004; Saelens & Handy  2008). Therefore 

studies to date may have missed both campaign and moderation findings by not being able to 

match the promoted activity to the type of activity measured and not being able to assess 

whether the environment most suitable for that behaviour, moderated the intervention 

impacts.   

Fourth, many studies may have used incomplete or inadequate environmental measures for 

the purpose of studying moderation. Few studies that tested for moderation by land use mix 

or access to destinations used objective environmental variables. Objective measures have 

more consistent associations with walking and so it may be necessary to include these when 

investigating land use mix and destinations for moderation. In addition, perceptions of these 

may also help assist our understanding of the findings if there is substantial disagreement 

between measures and also validate the objective measures. On the other hand, it is less clear 

if environmental features of safety and aesthetics are more appropriately measured using self-

report or objective measures. However, findings for moderation of intervention effects seem 

to support suggestions that perceptions of safety at least are more important factors for 

walking than objectively measured. However, most studies used a limited number of items or 

incomplete scales to measure perceived safety and aesthetics.  

The fifth limitation identified and common across existing moderation studies relates to 

statistical power. Two factors affect the statistical power of a study to detect significant 

interactions: the size of the main effect and sample size. A larger main effect in turn increases 

the likelihood of observing a significant interaction effect (Frazier et al.  2004). In the current 

study, larger main campaign effects were observed among insufficiently active respondents, 

compared with effects in the overall sample. Only three of the 12 moderation studies recruited 

inactive adults (King et al.  2006a; Merom et al.  2009; Sallis et al.  2007). Walking and physical 

activity intervention campaigns usually target insufficiently active individuals. These individuals 

are more likely to respond to a campaign targeting them specifically. Recruiting specific 
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members of the target group may result in larger main effects which would increase the 

likelihood of identifying an interaction effect if it indeed exists.  

Sample size is the second issue related to statistical power. Interaction effects are usually 

small, and thus a large sample size is required to ensure sufficient statistical power to identify 

interactions. None of the six studies that tested an interaction term appears to have 

considered the sample size required for the expected interaction effect a priori.  Indeed, three 

studies cite a potential lack of statistical power as a limitation of their study design (Kerr et al.  

2010; Merom et al.  2009; Michael & Carlson  2009). As an example, one study included in this 

thesis, the Find Thirty cross-sectional models, stratified by walkability within 1600m, indicated 

that the effect of the campaign (over time) on awareness in the high walkable group was about 

one and a half times the effect in the lower walkable group but the interaction term between 

time and walkability was not statistically significant.  Subsequent to completion of the study, a 

power calculation was undertaken. Using methods by Demidenco (2008) our study only had 

25% power to detect an interaction of that size. Conversely, if the true interaction effect size 

indicated that awareness in the high walkability group was two and a half times that in the 

lower walkable group the study would have had 77% power to detect a significant interaction 

(Demidenko  2008). A much larger (and unlikely) sample size of approximately n=4000 would 

have been needed to detect the interaction odds ratio of 1.5. Thus, if interactions effects are 

small, a larger sample size is required.     

Thus, based on these study limitations, it is not possible to definitively conclude whether the 

moderation findings observed are due to chance, or whether the studies undertaken to date 

under- or over-estimate the effects. Until the limitations of these studies to date are overcome 

in future studies, this will not be clear. 
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Table 7.2 Summary of study design and measurement issues of moderation studies 

 Sample and 
Setting 

Study design Evidence of moderation Criterion 1: Used a 
sampling strategy 
that ensured 
environmental 
variability 

Criterion 2: 
Included context-
specific 
behavioural 
outcome 
measures 

Criterion 3: 
Included separate 
measures for 
activities done for 
transport and 
recreational 
purposes 

Criterion 4: Used 
objective 
measures for 
walkability and 
land use mix 
/destinations and 
perceived 
measures for 
safety & 
aesthetics 

Criterion 5: Used a 
sampling strategy 
to maximise 
statistical power 
 

Mass media 
studies 

        

Wray et al. 
2005 

Adults 18+ 
years 
Residents 
living within 
the town of St 
Joseph, 
Missouri 
(n=297) 

Post 
campaign 
only cross-
sectional 
design. No 
control 
group 

No interaction term 
tested. 
Positive perceptions of 
the walking environment 
associated with positive 
beliefs about walking. 

No. No. No. No. No. 

Gebel et 
al. 2011 

Adult s (50-65 
years) from 
Wheeling, 
West Virginia 
(n=1472) 

Quasi-
experimental 

No interaction terms 
tested. 
Among those 
insufficiently active at 
baseline people above 
the median for the 
factor “aesthetics and 
facilities”, increased 
walking more than those 
in bottom half (p<0.001). 
No relationship in 
comparison community. 

No. No. No. No. No. 
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 Sample and 
Setting 

Study design Evidence of moderation Criterion 1: Used a 
sampling strategy 
that ensured 
environmental 
variability 

Criterion 2: 
Included context-
specific 
behavioural 
outcome 
measures 

Criterion 3: 
Included separate 
measures for 
activities done for 
transport and 
recreational 
purposes 

Criterion 4: Used 
objective 
measures for 
walkability and 
land use mix 
/destinations and 
perceived 
measures for 
safety & 
aesthetics 

Criterion 5: Used a 
sampling strategy 
to maximise 
statistical power 
 

Intervention 
studies 

        

Merom et 
al. 2003 
 
 

Adults 18-55 
years Within 5 
kilometres of 
a new trail in 
Western 
Sydney, NSW, 
Australia 
(n=450) 

Prospective 
pre- and 
post- 
intervention 
telephone 
surveys. No 
control 
group. 

No interaction term 
tested. 
Inner cyclists increased 
mean cycling time while 
outer cyclists decreased 
cycling time. 

Yes. Sampled by 
proximity to rail 
trail. 

Walking and 
cycling items did 
not specify 
context of 
environment, 
however use of 
trail was another 
outcome 
variable. 

No. Yes. Proximity to 
the trail was 
measured using 
GIS data. 

No. 

Brownson 
et al. 2005 
 
 

Adults 18+ 
years from 
USA rural 
communities 
(n=1531) 

Quasi-
experimental; 
Intervention 
& comparison 
communities  

No interaction term 
tested. 
When stratified by 
‘access to physical 
environment’, evidence 
of a linear trend (by level 
of intervention) in 
increased proportions of 
walking for ‘high’ access 
group; effect stronger in 
men than in women. 

No.  No. No. No. Measures of 
access to 
destinations, 
sidewalks & 
shoulders on the 
streets were all 
self-reported and 
combined into a 
composite 
measure. 

No. 

King et al. 
2006a 

Inactive 
patients (35-

RCT, 
longitudinal 

No interaction terms 
tested. 

No. No. No. Yes. Measures of 
neighbourhood 

Yes. Only inactive 
adults recruited. 
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 Sample and 
Setting 

Study design Evidence of moderation Criterion 1: Used a 
sampling strategy 
that ensured 
environmental 
variability 

Criterion 2: 
Included context-
specific 
behavioural 
outcome 
measures 

Criterion 3: 
Included separate 
measures for 
activities done for 
transport and 
recreational 
purposes 

Criterion 4: Used 
objective 
measures for 
walkability and 
land use mix 
/destinations and 
perceived 
measures for 
safety & 
aesthetics 

Criterion 5: Used a 
sampling strategy 
to maximise 
statistical power 
 

75 years) of a 
participating 
primary care 
provider in 
the USA, 
(California, 
Texas or 
Tennessee), 
45% female 
(n=874) 

Participants in the 
counselling arm who 
reported seeing 
neighbours walking & 
who had high initial 
barriers to self-efficacy 
averaged consistently 
higher PA levels across 
24 months than those 
who did not report 
seeing neighbours 
walking. This group (see 
people walking and high 
initial barriers) had 
significantly higher 24 
month maintenance of 
sufficient PA than 
equivalent groups in the 
less intensive 
intervention arms. 

aesthetics & 
crime & traffic 
safety, as well as 
presence of hills 
& sidewalks were 
all self-report.  

King et al. 
2006b 

Adults (18-85 
years) 
ethnically 
diverse 

Prospective 
(only for 
moderation 
analysis 

Significant positive 
interaction between 
intervention and 
measures of traffic 

No. No. No. Although 
separate 
measures were 
available and 

No. Measures of 
land use mix, 
access to 
restaurants & 

No. 
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 Sample and 
Setting 

Study design Evidence of moderation Criterion 1: Used a 
sampling strategy 
that ensured 
environmental 
variability 

Criterion 2: 
Included context-
specific 
behavioural 
outcome 
measures 

Criterion 3: 
Included separate 
measures for 
activities done for 
transport and 
recreational 
purposes 

Criterion 4: Used 
objective 
measures for 
walkability and 
land use mix 
/destinations and 
perceived 
measures for 
safety & 
aesthetics 

Criterion 5: Used a 
sampling strategy 
to maximise 
statistical power 
 

community 
adults and 
primary care 
patients from 
five USA 
regions. 
(n=645) 
 

done in 
three trial 
areas of 
Stanford, 
Oregon & 
Atlanta. 
Baseline PA 
was not 
collected for 
other two 
areas Rhode 
island & 
Memphis) 

safety (3 sites) and 
crime-related safety (1 
site). 

used for other 
analyses, 
moderation 
analysis was 
restricted to 
moderate to 
vigorous physical 
activity. 

retail stores, 
street 
connectivity, 
residential 
density, walking 
& cycling 
facilities, 
aesthetics & 
crime & traffic 
safety were all 
self-reported. 

Sallis et al. 
2007 

Inactive adults 
aged 35-75 
years who 
were primary 
care patients 
from three 
regions: 
California, 
Texas & 
Tennessee 
(USA), 45% 

RCT, 
Prospective 

No significant interaction 
terms between 
intervention group and 
environment. Among 
women, perceived high 
crime was associated 
with 1 hour less MVPA 
per week. Women who 
reported unattended 
dogs did less 
MVPA/week than those 

No. No. No. No. Land use mix, 
crime, traffic and 
personal safety, 
aesthetics and 
presence of hill 
and sidewalks 
were all self-
reported. 

Yes. Only inactive 
adults recruited. 
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 Sample and 
Setting 

Study design Evidence of moderation Criterion 1: Used a 
sampling strategy 
that ensured 
environmental 
variability 

Criterion 2: 
Included context-
specific 
behavioural 
outcome 
measures 

Criterion 3: 
Included separate 
measures for 
activities done for 
transport and 
recreational 
purposes 

Criterion 4: Used 
objective 
measures for 
walkability and 
land use mix 
/destinations and 
perceived 
measures for 
safety & 
aesthetics 

Criterion 5: Used a 
sampling strategy 
to maximise 
statistical power 
 

female, all 
analyses sex-
specific 
(n=861) 

that did not. Among men 
frequently seeing people 
active in the 
neighbourhood was 
associated with more 
MVPA. 

Merom et 
al. 2009 

Step-by-step 
study: three 
study groups: 
1) Mail out 
self-help 
walking 
program using 
goal-setting, 
monitoring 
and recording, 
2) Mail out 
self-help 
walking 
program plus 
pedometer, 3) 
No treatment 
(controls). 

Inactive 
adults (30-
65 years, 
85% female) 
n=314 in 
NSW, 
Australia 
 

Significant negative 
interaction term 
between intervention 
group and aesthetics – In 
low aesthetic conditions, 
those in the pedometer 
intervention group 
increased their walking 
time significantly, and 
also had higher % 
regular walkers whereas 
in the control group 
there was no significant 
change in walk minutes 
and % regular walkers. 
No differences observed 
if aesthetics = high.  
Among the pedometer 

No. No. No. No. Aesthetics, 
safety from 
crime, proximity 
to destinations, 
access to walking 
facilities, traffic, 
streetlights, 
connectivity and 
hilliness. 

Yes. Only inactive 
adults recruited. 



 

 

1
3

8
 

 Sample and 
Setting 

Study design Evidence of moderation Criterion 1: Used a 
sampling strategy 
that ensured 
environmental 
variability 

Criterion 2: 
Included context-
specific 
behavioural 
outcome 
measures 

Criterion 3: 
Included separate 
measures for 
activities done for 
transport and 
recreational 
purposes 

Criterion 4: Used 
objective 
measures for 
walkability and 
land use mix 
/destinations and 
perceived 
measures for 
safety & 
aesthetics 

Criterion 5: Used a 
sampling strategy 
to maximise 
statistical power 
 

intervention group, 
those who perceived 
their streets as unsafe 
for walking at night took 
fewer pedometer steps 
than those who did not, 
those who perceived 
traffic to be high took 
more steps than those 
who perceived traffic as 
low, if streets were not 
well lit women took 
fewer steps than if well 
lit, if aesthetics were low 
women took more steps 
than if high. Women 
who perceived their 
streets as hilly took more 
steps than those who did 
not. 

Michael & 
Carlson 
2009 

SHAPE trial (6 
month 
neighbourhoo
d based 

Older adults 
(65+ years) 
from 
Portland, 

Interaction term 
between intervention 
and walkability was not 
significant. Positive 

No. No. No. Yes. Walkability 
components 
were objectively 
measured & 

No. 



 

 

1
3

9
 

 Sample and 
Setting 

Study design Evidence of moderation Criterion 1: Used a 
sampling strategy 
that ensured 
environmental 
variability 

Criterion 2: 
Included context-
specific 
behavioural 
outcome 
measures 

Criterion 3: 
Included separate 
measures for 
activities done for 
transport and 
recreational 
purposes 

Criterion 4: Used 
objective 
measures for 
walkability and 
land use mix 
/destinations and 
perceived 
measures for 
safety & 
aesthetics 

Criterion 5: Used a 
sampling strategy 
to maximise 
statistical power 
 

walking 
intervention). 
Walking group 
intervention 
(n=28 
neighbourhoo
ds) = 
participated in 
leader led 
walk group 3 
times/week. 
Education-
only control 
(n=28) = 
received 
health 
education & 
information 
mailed 
regularly. Not 
mass media 

Oregon 
(USA) 
(n=582) 

change in perceived 
neighbourhood 
problems over 6-months 
mediated the 
intervention effect on 
brisk walking at 6-
months. 

crime safety 
measured using a 
full self-report 
scale with items 
having high 
internal 
consistency.  

Zenk et al. 
2009 

African 
American 
women aged 

Quasi-
experimental 

No significant interaction 
terms between 
intervention group and 

No. No. No. No. Objectuve 
measures were 
used for 

No. 
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 Sample and 
Setting 

Study design Evidence of moderation Criterion 1: Used a 
sampling strategy 
that ensured 
environmental 
variability 

Criterion 2: 
Included context-
specific 
behavioural 
outcome 
measures 

Criterion 3: 
Included separate 
measures for 
activities done for 
transport and 
recreational 
purposes 

Criterion 4: Used 
objective 
measures for 
walkability and 
land use mix 
/destinations and 
perceived 
measures for 
safety & 
aesthetics 

Criterion 5: Used a 
sampling strategy 
to maximise 
statistical power 
 

40-65 years 
from urban 
and suburban 
Chicago. 
(n=252) 

environmental 
measures. Availability of 
one and especially both 
types of indoor walking 
facilities associated with 
adherence.  

walkability 
components but 
also aesthetics 
and safety. 

Kerr et al. 
2010 

Women’s 
intervention: 
women aged 
18-55 years 
with BMI of 
25-39 
(overweight 
and obese)  
from the USA 
(n=286).  
Men’s 
intervention: 
men aged 25-
55 years with 
BMI of 25+ 
from the USA 
(n=309) 
 

RCT, 
Prospective.  
 

Significant negative 
interaction term 
between intervention 
group and walkability 
among men – Men in the 
intervention group 
increased walking 
significantly more if they 
lived in less walkable 
neighbourhoods than 
men in high walkable 
neighbourhoods (who 
decreased walking 
minutes).  

No. No. No. Yes. Objective as 
well as self-
reported 
measures for 
walkability 
components & 
crime & traffic 
safety, aesthetics 
& hills self-
reported. 

No. 
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 Sample and 
Setting 

Study design Evidence of moderation Criterion 1: Used a 
sampling strategy 
that ensured 
environmental 
variability 

Criterion 2: 
Included context-
specific 
behavioural 
outcome 
measures 

Criterion 3: 
Included separate 
measures for 
activities done for 
transport and 
recreational 
purposes 

Criterion 4: Used 
objective 
measures for 
walkability and 
land use mix 
/destinations and 
perceived 
measures for 
safety & 
aesthetics 

Criterion 5: Used a 
sampling strategy 
to maximise 
statistical power 
 

Robertson 
et al. 2012 

Adults (18-65 
years, mean 
age 53 years 
for final 
follow-up 
sample, 71% 
female) living 
in Glasgow, 
who were not 
achieving 30 
minutes 
moderate-
intensity PA 
on ≥5 days a 
week. n=76 at 
baseline, n=57 
at 3 months, 
n=54 at 6 
months & 
n=45 at 12 
months. 

Longitudinal 
with follow-
up at 3, 6, & 
12 months. 
No control 
group. 

No interaction terms 
tested. No significant 
predictors of change in 
step counts. Five 
significant 
environmental factors 
were predictors of step 
counts: dangerous & 
busy roads factor (at 
baseline & 3 months), 
commercial & residential 
land use mix factor, 
dangerous & busy roads 
factor, traffic signals & 
pedestrian signage 
factor & indoor fitness 
facilities & traffic 
calming features factor 
(at 6 months) & green 
space & recreational 
facilities factor (at 12 
months). 

No. No. No. No. Objective 
measures used 
for safety and 
aesthetics as well 
as land use mix 
and access to 
destinations. 

No. 
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7.4 STUDY LIMITATIONS 

In this section, the specific limitations of the current studies are considered. 

 

7.4.1 Study design and sampling 

Environmental variability 

The research in this thesis involved secondary analysis of evaluation data from three mass 

media-led physical activity campaigns. The study designs were not purpose-designed to 

investigate moderation of campaign effects by the built environment; rather this study of 

moderation was opportunistic. This is a limitation because it meant, that the study was not 

specifically designed to maximise environmental variability. Baseline data collections for all 

three campaigns examined in this thesis were completed before this study commenced, and it 

was not possible for the PhD candidate to influence the sampling strategy adopted. Had the 

study been purpose designed, it would have involved sampling respondents from substantially 

different environments. This would have maximised the environmental variability and allowed 

the question of moderation to have been more fully explored. Others have warned that low 

environmental variability in sampling may compromise the ability to detect differences (Gebel 

et al.  2011). The modest findings observed in this study may therefore have been due to this 

study design flaw.   

 

Sample size 

This study aimed to examine moderation by the environment, however because it was not 

purpose designed as shown above, there was insufficient power to detect effects. Interaction 

effects sizes are typically small and therefore a large sample size is required to detect 

significant interactions (Frazier et al.  2004).  In the Find Thirty campaign, the sample sizes 

were further reduced because many respondents did not provide a street address (i.e., over 

50%).  Respondents may have considered this question to be sensitive. They may have been 

more willing to report, for example, the nearest intersection to their home and this could be 

considered in future studies.  

Another consideration is who was recruited to take part in the survey.  Campaigns of this type 

aim to target those who are insufficiently active. Indeed, this study like others (Reger-Nash et 

al.  2005; Reger-Nash et al.  2008; Reger-Nash et al.  2006b), found the US campaign effects 

were only observed in those insufficiently active (pre-campaign). When the sample was 
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restricted to those insufficiently active who were the main target for the campaign, the sample 

reduced considerably further reducing the power to detect significant differences. Had the 

sample only included those insufficiently active, it is likely that a larger main effect would have 

been observed, thereby further increasing the power available for interaction analyses 

(Chaplin  1991; Frazier et al.  2004). Similarly, unequal group sizes can reduce statistical power 

to detect significant interactions (Frazier et al.  2004). In both WV Walks and BC Walks, control 

groups were substantially smaller than intervention groups. Strategies to increase the number 

of respondents with address data, to recruit the specific target group for the campaign and to 

recruit equal numbers in intervention and comparison groups, will help increase statistical 

power for future moderation studies. 

 

7.4.2 Measures 

Behavioural outcome measures 

Self-reported rather than objectively measured physical activity was used. This can result in 

over-reporting (Australian Institute of Health and Welfare  2003) due to recall error and social 

desirability effects (Baranowski  1988). Furthermore the walking measures used in these 

studies were not context-specific. Given this secondary analysis study focussed on examining 

the neighbourhood environment effects, a measure of neighbourhood walking may have 

better captured any moderating effects of this environment on campaign effects.  

Another limitation of this study was that recreational walking was not collected as a separate 

behavioural outcome. There is now recognition of the need for behaviour-specific measures 

and the literature on environmental correlates recommends separate measures for walking for 

transport and walking for recreation as these behaviours are associated with different 

environmental features (Owen et al.  2004). In the Find Thirty campaign it was useful to have a 

separate transport walking measure as some advertising components promoted transport 

walking. However, as most Western Australians walk for recreational purposes, and this was 

the most promoted behaviour in the campaign, a separate recreational walking variable would 

have been preferable. Similarly in WV Walks and BC Walks, separate transport and 

recreational walking measures may have resulted in stronger associations with environmental 

variables and may have assisted in observing stronger moderation effects.  
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Self-reported environmental measures 

The NEWS scales measure several environmental features using multiple items. However, both 

the WV Walks and BC Walks surveys contained only a handful of these items rather than the 

full scales. This is a limitation and may not have adequately captured all the neighbourhood 

features. In addition, most of the NEWS items included in the WV Walks survey were only 

found to be moderately reliable when tested in this sample (Bias et al.  2010) while the 

destinations items were found to have substantial reliability. These limitations may partly 

explain why no differences in campaign impact were observed for these measures. 

The perceived environmental measures in Find Thirty every day were also a major limitation of 

the study. Only five items measured neighbourhood perceptions and importantly, none of 

these items were based on an established scale. In some cases over 92% of respondents 

reported that their neighbourhood was supportive, that is, ‘disagreed’ or ‘strongly disagreed’ 

to feeling unsafe walking in their neighbourhood during the day and there not being places 

nearby to be active. Thus there was little variability in the small number of items available, 

further limiting the potential to study moderation by neighbourhood perceptions. 

 

7.5 STUDY STRENGTHS & CONTRIBUTIONS 

Despite the study’s limitations, this study had a number of strengths. Analysing data from 

three different communities, that is the states of Western Australia and West Virginia and 

Broome County in the state of New York enabled the candidate to consider the generalisability 

of the thesis research questions by testing the hypothesis in different studies. Australia and 

the US have similar levels of inactivity and represent the countries with some of the most mass 

media efforts conducted to date to increase physical activity, along with the UK and Canada. 

Although the campaigns were different, the potentially important environmental factors 

emerging from this research provide a starting point for future campaigns in these countries to 

be considered. 

Only two other mass media campaign evaluations appear to have investigated moderation by 

the built environment (Gebel et al.  2011; Wray et al.  2005). Mass media remains an attractive 

strategy to achieve high reach of physical activity messages and so few campaign evaluations 

test the behaviour theories upon which they are modelled (Leavy et al.  2011). This study has 

not only provided some testing of the social ecological model by examining moderation of 

behaviour change by the physical environment but also considered factors that might affect 
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intermediary steps to physical activity behaviour such as behavioural intention, also inherent 

in many individual behaviour theories used for physical activity. 

In the last decade, studies investigating relationships between the built environment and 

physical activity are increasingly using objective measures of the built environment. Others 

have noted that those who walk are likely to be more aware of their environment and it is 

difficult to know if this is why the environment appears associated with physical activity among 

some respondents. Reviews recommend measuring the environment both objectively and by 

self-report, given the evidence that using both techniques is favourable in physical activity 

studies. Objective measures of neighbourhood walkability and destinations mix were used in 

the Find Thirty study, although verification by self-reported measures of the same features was 

not available. Objective measures remove concerns about subjectively, allow for comparisons 

across studies and across countries and allow for more precise recommendations for policy 

makers. Nevertheless, in some cases (e.g., aesthetics and safety) perceptions may be more 

important and proximal than objective measures as determinants of outcome behaviours. 

 

7.6 RESEARCH RECOMMENDATIONS 

A number of recommendations arise from this research, with a particular focus on future 

research in this area. These recommendations stem from a dearth of studies designed to 

specifically test for the moderating effects of the environment on behaviour interventions 

effectiveness. No mass media campaign study and few interventions studies have been 

purpose-designed to specifically test for this. Inadequate study designs are likely to have 

contributed to the lack of consistent study findings in this area which is limiting our 

understanding of the role of the environment in moderating the influence of behavioural 

campaigns designed to encourage physical activity.  

The review of the evidence undertaken to date, shows that the limitations observed in this 

thesis, are reflected in many of the studies addressing this research question. This in turn 

reflects many of the limitations that have been identified in the rapidly evolving field of 

research on the impact of the built environment on physical activity. This emerging research 

field has many lessons that may need to be applied to future research on moderation of 

campaign effects by the environment including:  (1) adopting a sampling strategy that 

maximises environmental variation; (2) using context-specific outcome measures; (3) 

separately measuring transport and recreational behaviours; (4) using objective environmental 

measures of land use mix and walkability and full scales of self-reported measures of safety 
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and aesthetics; and (5) designing the study and using a sampling methodology to maximise 

statistical power. 

The first recommendation relates to environmental variability. For studies of the built 

environment it is essential that the exposure measure varies. Environmental variability is 

essential to ensure an adequate representation of differences in the real world because if 

respondents live in relatively similar environments then important associations will be missed. 

Thus, it is recommended that studies investigating environmental effects on physical activity 

ensure that samples are selected in a manner that maximises variability of environments 

would (Frank et al.  2005; Giles-Corti et al.  2005b). This recommendation equally applies to 

studies examining environmental moderation. This would result in a better understanding of 

the propensity of the environment to moderate effects of motivational communication 

campaigns because the “full” range of audience members’ neighbourhoods are included in the 

sample examined.  

To understand whether the built environment moderates interventions, future studies need to 

consider using a stratified sampling method that selects survey respondents based on the 

characteristics of their neighbourhood environments. Thus, this recommendation has two 

parts. The first question in planning a recruitment method for a study of moderating influences 

of the neighbourhood environment should be to consider what environmental context is of 

primary interest. Sampling participants in the environmental setting that the promoted 

behaviour is most likely to occur should be considered. For example, Merom and colleagues’ 

(2003) rail trail media campaign study used proximity to the trail to select participants. The 

campaign promoted trail use therefore distance to the trail was a context-specific 

environmental measure. Similarly, recent studies examining the relationship between the 

neighbourhood built environment and walking or active transport have selected study 

participants by their neighbourhoods based on neighbourhood walkability for example (Frank 

et al.  2006; Owen et al.  2007).  

The second question to consider in the study design, is what environmental feature is the 

focus of the campaign, and thus should drive the sample selection.  That is, is the focus on a 

specific destination (e.g., the trail), mix of local destinations, neighbourhood walkability or 

some other composite measure? Objective measures of the environment are required for 

sampling. Selecting environments based on its ‘walkability’ is appropriate for campaigns 

promoting walking or a physical activity campaign where walking is a primary focus because 

walkability is a composite measure of environmental features that have consistently been 

associated with walking, particularly transport walking (Saelens & Handy  2008). However, for 
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a campaign that primarily promotes recreational walking a different environmental measure is 

required. For example, future studies may wish to consider selecting study participants based 

on a recreational walkability index, such as the one developed by Christian and colleagues 

(2011) or possibility access to green space (Sugiyama et al.  2010) given their associations with 

recreational walking. Selecting environments based on a traditional transport walkability index 

designed to predict transport (Frank et al. 2005) may be more appropriate for campaigns 

focussed on transport-walking. In any case, the choice of environmental measure to sample 

participants should be based on the best available literature on associations with the target 

behaviour focus of the intervention. Where possible, this should be information that is specific 

to, or generalisable to the community of interest (i.e., country or state and demographics of 

the target population).  

In addition to matching the context of the promoted behaviour with the environmental 

context used for sampling, future research should also attempt to use a context-specific 

behaviour measure. For example, the Merom and colleagues (2003) rail trail media campaign 

study included trail use as an outcome which is specific to the environment measured. The 

campaigns investigated in this thesis promoted being active in residential areas. If a campaign 

is focussed on neighbourhood walking and the neighbourhood environment is assessed, then 

it may be best that the walking behaviour measure has the capacity to measure separately 

walking done within and outside the neighbourhood.  

Campaigns promoting walking or cycling and aiming to examine moderation by the 

environment, might consider separately measuring specific activities done for transport and 

recreational purposes. This appears to be important because, as noted above, different 

environmental features appear to be associated with recreational and transport activity 

(McCormack & Shiell  2011; Owen et al.  2004; Saelens & Handy  2008). In particular, 

measuring specific outcome measures reflected in the campaign, or at least ensuring as much 

specificity as possible, is recommended. For example, if recreational walking is heavily 

promoted, include a separate recreational walking measure. 

Better environmental measures might also overcome some limitations in this area to date. As 

discussed, objective measures of land use or destinations mix and walkability have rarely been 

used in this area of research despite being heavily explored in the field of environmental 

correlates of walking and physical activity, and are recommended. In addition, using perceived 

measures of land use mix and walkability will help clarify the mixed directions of moderation 

findings with these measures. Moreover, for studies that used neighbourhood perceptions, 

few studies used complete reliable and validated scales. This is probably most important for 
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measures of safety and aesthetics which arguably are better measured using perceived rather 

than objective measures for examining influences on walking (Foster & Giles-Corti  2008; 

Heath et al.  2006; McCormack et al.  2004). Thus, it is recommended that in future studies full 

scales of reliable, validated self-reported measures of safety and aesthetics are included.  

Finally, statistical power is an important consideration for future studies seeking to study 

moderation. Some of the analyses undertaken in this thesis lacked sufficient power, which may 

explain why some interaction terms did not reach statistical significance. To overcome this 

limitation, future studies may consider recruiting more of the campaign target population 

beyond simply focussing on gender and the targeted age range. The campaigns investigated in 

this thesis (Find Thirty every day, WV Walks and BC Walks) were all targeting insufficiently 

active adults. However, Find Thirty and WV Walks both recruited a general population, and did 

not focus on those insufficiently active. Insufficient walkers generally showed a higher 

response to the North American campaigns (Reger-Nash et al.  2008; Reger-Nash et al.  2006b) 

and having exposure to a greater mix of destinations appeared to significantly increased this 

group’s response to the WV Walks campaign. Reducing the sample to just those insufficiently 

active pre-campaign reduced the power of the study, however, because it reduced the actual 

sample size. BC Walks used a strategy of screening study respondents based on their level of 

physical activity, only recruiting those not meeting the US Surgeon General’s guideline of 30 

minutes moderate intensity physical activity over at least five days. If this is the target group of 

interest, future cohort studies may consider screening out those already regularly sufficiently 

active. Such a recruitment method may increase the power of the study to investigate 

moderation because a larger main effect is expected among respondents with that 

characteristic and moderation is best detected if there is a substantial main effect between the 

predictor and outcome (Chaplin  1991). Thus, consideration could be given to the question 

used for such a screening, for example, using a question asking about ‘usual’ behaviour or 

behaviour in the last six months rather than behaviour in the past week, as people may have 

only been insufficiently active that week.  

 

7.7 CONCLUSION 

Based on findings to date, there is insufficient evidence to suggest that the built environment 

is a clear moderator of physical activity mass reach intervention effects. No two studies in this 

area have found the same feature to have the same moderating effect on intervention effects. 

This appears to be because there are a number of study design and measurement issues which 

precludes the ability to being conclusive about findings to date. Nevertheless, the area of 
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research warrants further exploration. The current study is the first to identify objectively 

measured mix of local destinations as a negative moderator of cognitive campaign effects and 

of overall walking. However, in the target group for the campaign i.e., those who did 

insufficient walking, there was some evidence that perceptions of a mix of local destinations 

positively moderated campaign effects on overall walking as hypothesised. It is plausible that 

these findings indicate that physical activity level is part of a three-way interaction with 

intervention effect and environment, where those insufficiently active, who are exposed to a 

campaign, walk more if they live in a more supportive neighbourhood. This adds further 

unique findings to be replicated in future studies.  

The findings from this thesis raise further hypotheses. While it was hypothesised that the 

environment would positively moderate cognitive impacts of the campaign, behavioural 

impacts of the campaign and the relationship between cognitive and behavioural impacts, the 

direction of limited significant evidence of moderation by the built environment was mostly 

negative. This raises the question of why those exposed to the campaign in supportive 

environments did not also increase their walking. Exploration of moderation of campaign 

impacts by the built environment is a new area of research, and the most appropriate designs 

and measures are only now emerging.  

The strongest evidence of moderation to date finds two environmental features, that is, 

neighbourhood walkability and aesthetics to be negative moderators of intervention 

behavioural effects, one feature, safety, to be a positive moderator and one feature, 

destination mix, to be both a positive moderator of behavioural intervention impacts and a 

negative moderator of cognitive and behavioural impacts. From this we might conclude that 

overall, the environment is a negative moderator of campaign impacts, however our 

knowledge of the associations between the built environment and physical activity (specifically 

walking behaviours) is that specific environmental features have different effects on different 

behavioural outcomes. Therefore, these findings for different moderating effects of different 

environmental features on intervention effects must remain separate. 

The findings of this research together with other moderation studies to date raises the 

possibility that campaign responses may differ by environmental factors. Purpose-designed 

studies may apprise campaign designers of the extent to which the environment impacts mass 

media strategies, which needs to be considered in the planning of future campaigns. The 

research question remains important because the effectiveness of interventions may be 

affected by environmental inequalities.  
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Appendix 3 

 

Recoding strategy for Sensis destination categories in  

Find Thirty  

 

Table 5.16 Recoding strategy for Sensis destination categories 

Existing category Current study category 
 

Bus stop Bus stop 

Transit station Transit station 

Newsagent Newsagent 

Supermarket Grocery store 

Green grocer 

Market 

Petrol station shops Convenience store 

Some general stores 

Some delis 

Shopping centre Shopping centre 

Post office Post office 

Bank Bank 

School School 

Child care centre Child care centre 

Restaurant / café Restaurant / public bar (combined in utilitarian 
score only) Hotel / tavern 

Fast food outlet Fast food outlet 

Places of worship Places of worship 

Community halls Community / recreation centres 

Recreation centres 

Pharmacy / chemist Pharmacy / chemist 

Movie theatre Movie theatre 

Library Library 
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Appendix 4 

 

Demographic and other characteristics for Find Thirty by those 

with and without address data (Cross-sectional study) 

 

Table 5.17 Demographic and other characteristics by those with and without address 

data 

Characteristic With address data (%) Without address data (%) 

 Pre  Post Pre Post 

 n=484 n=370 n=521 n=632 

Gender     
Male 50.6 50.5 49.3 49.5 
Female 49.4 49.5 50.7 50.5 

Age Group     
20 – 34 26.0 21.6 25.7 21.2 
35 – 45 36.4 40.0 38.6 40.5 
46 – 54  37.4 38.4 35.5 38.3 

Education     
Less than TEE 24.0 21.1 29.0 27.2 
TEE/Diploma 41.3 42.2 36.7 38.9 
University 34.7 36.8 34.4 33.9 

Socio-economic status  
(area level)* 

    

Low SES 17.8 16.2 24.7 24.4 
Medium SES 33.3 30.8 40.3 32.3 
High SES 48.9 53.0 35.1 43.3 

Household income*     
Less than $50,000 22.7 14.1 21.9 19.6 
$50,000 - $100,000 39.0 41.1 35.3 38.3 
$100,001 or more 28.7 36.2 29.8 29.3 

Total awareness*     
No 67.4 49.5 71.6 58.1 
Yes 32.6 50.5 28.4 41.9 

Comprehension*     
No 76.0 58.1 78.7 65.0 
Yes 24.0 41.9 21.3 35.0 

Acceptance     
No 76.4 59.2 79.5 65.2 
Yes 23.6 40.8 20.5 34.8 

Intention*     
No 88.4 77.8 90.8 83.9 
Yes 11.6 22.2 9.2 16.1 

Action     
No 94.8 87.3 94.8 89.6 
Yes 5.2 12.7 5.2 10.4 

Any Transport walking     
No 26.3 32.7 27.9 34.6 
Yes 73.7 67.3 72.1 65.4 
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Characteristic With address data (%) Without address data (%) 

 Pre  Post Pre Post 

 n=484 n=370 n=521 n=632 

Sufficient transport walking     
No 73.6 74.0 73.0 77.3 
Yes 26.4 26.0 27.0 22.7 

Any overall walking     
No 12.8 15.3 14.4 12.3 
Yes 87.2 84.7 85.6 87.7 

Sufficient overall walking     
No 60.2 55.2 61.7 59.0 
Yes 39.8 44.8 38.3 41.0 

Any total physical activity     
No 7.0 9.5 7.7 7.0 
Yes 93.0 90.5 92.3 93.0 

Sufficient physical activity     
Insufficient 37.8 29.7 36.5 31.5 
Sufficient 62.2 70.3 63.5 68.5 

*p<0.05 between those with and without address data within time point 
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Appendix 5 

 

Campaign impact by walkability within 1600m neighbourhood 

using a median split method of dichotomisation 
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Table 5.18. Campaign impact by walkability within 1600m neighbourhood using a median 

split method of dichotomisation 

 Walkability of neighbourhood 
 Lower 

(Quartiles 1-2) 
Higher 

(Quartiles 3-4) 
 Count (%) Count (%) 

Cognitive impact   
   
Awareness   

Aware at both time points 28 (15.5) 34 (18.7) 
Not aware at either time point 82 (45.3) 82 (45.1) 
Aware pre- but not post-campaign 28 (15.5) 27 (14.8) 
Aware post- but not pre-campaign 43 (23.8) 39 (21.4) 

   
Comprehension   

Comprehended at both time points 21 (11.6) 24 (13.2) 
Did not comprehend at either time point 97 (53.6) 100 (54.9) 
Comprehended pre- but not post-campaign 21 (11.6) 19 (10.4) 
Comprehended post- but not pre-campaign 42 (23.2) 39 (21.4) 
   

Acceptance   
Accepted message at both time points 20 (11.0) 24 (13.2) 
Did not accept at either time point 97 (53.6) 101 (55.5) 
Accepted pre- but not post-campaign 21 (11.6) 19 (10.4) 
Accepted post- but not pre-campaign 43 (23.8) 38 (20.9) 

   
Intention   

Intention at both time points 7 (3.9) 6 (3.3) 
No intention at either time point 136 (75.1) 142 (78.0) 
Intention pre- but not post-campaign 15 (8.3) 13 (7.1) 
Intention post- but not pre-campaign 23 (12.7) 21 (11.5) 
   

Action   
Took action at both time points 4 (2.2) 1 (0.5) 
Took no action at either time point 162 (89.5) 161 (88.5) 
Took action pre- but not post-campaign 9 (5.0) 6 (3.3) 
Took action post- but not pre-campaign 6 (3.3) 14 (7.7) 

   
Behaviour   

   
Transport walking (30 minute change)   

Increase of 30 minutes or more  61 (33.7) 61 (33.5) 
Decrease of 30 minutes  or more  72 (39.8) 67 (36.8) 
A change of less than 30 minutes 26 (14.4) 32 (17.6) 
No participation at either time point 22 (12.2) 22 (12.1) 
   

Transport walking (60 minute change)   
Increase of 60 minutes or more  51 (28.2) 53 (29.1) 
Decrease of 60 minutes  or more  62 (34.3) 54 (29.7) 
A change of less than 60 minutes 46 (25.4) 53 (29.1) 
No participation at either time point 22 (12.2) 22 (12.1) 
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 Walkability of neighbourhood 
 Lower 

(Quartiles 1-2) 
Higher 

(Quartiles 3-4) 
 Count (%) Count (%) 

   
Overall walking (60 minute change)   

Increase of 60 minutes or more  67 (37.2) 66 (36.7) 
Decrease of 60 minutes  or more  45 (25.0) 44 (24.4) 
A change of less than 60 minutes 62 (48.4) 66 (36.7) 
No participation at either time point 6 (3.3) 4 (2.2) 
   

Total PA (Active Australia) (60 minute change)   
Increase of 60 minutes or more  92 (50.8) 77 (42.3) 
Decrease of 60 minutes  or more  64 (35.4) 67 (36.8) 
A change of less than 60 minutes 24 (13.3) 36 (19.8) 
No participation at either time point 1 (0.6) 2 (1.1) 

*Chi square p-value < 0.05 
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Appendix 6 

 

Campaign impact by walkability within 1600m neighbourhood 

comparing the highest quartile (4) to the lower three quartiles (1-3) 
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Table 5.19. Campaign impact by walkability within 1600m neighbourhood comparing the 

highest quartile (4) to the lower three quartiles (1-3) 

 Walkability of neighbourhood 
 Lower 

(Quartiles 1-3) 
High 

(Quartile 4) 
 Count (%) Count (%) 

Cognitive impact   
   
Awareness   

Aware at both time points 50 (18.4) 12 (13.2) 
Not aware at either time point 120 (44.1) 44 (48.4) 
Aware pre- but not post-campaign 43 (15.8) 12 (13.2) 
Aware post- but not pre-campaign 59 (21.7) 23 (25.3) 

   
Comprehension   

Comprehended at both time points 38 (14.0) 7 (7.7) 
Did not comprehend at either time point 145 (53.3) 52 (57.1) 
Comprehended pre- but not post-campaign 31 (11.4) 9 (9.9) 
Comprehended post- but not pre-campaign 58 (21.3) 23 (25.3) 
   

Acceptance   
Accepted message at both time points 37 (13.6) 7 (7.7) 
Did not accept at either time point 145 (53.3) 53 (58.2) 
Accepted pre- but not post-campaign 31 (11.4) 9 (9.9) 
Accepted post- but not pre-campaign 59 (21.7) 22 (24.2) 

   
Intention   

Intention at both time points 10 (3.7) 3 (3.3) 
No intention at either time point 207 (76.1) 71 (78.0) 
Intention pre- but not post-campaign 22 (8.1) 6 (6.6) 
Intention post- but not pre-campaign 33 (12.1) 11 (12.1) 
   

Action   
Took action at both time points 4 (1.5) 1 (1.1) 
Took no action at either time point 242 (89.0) 81 (89.0) 
Took action pre- but not post-campaign 11 (4.0) 4 (4.4) 
Took action post- but not pre-campaign 15 (5.5) 5 (5.5) 

   
Behaviour   
   
Transport walking (30 minute change)   

Increase of 30 minutes or more  94 (34.6) 28 (30.8) 
Decrease of 30 minutes  or more  103 (37.9) 36 (39.6) 
A change of less than 30 minutes 41 (15.1) 17 (18.7) 
No participation at either time point 34 (12.5) 10 (11.0) 
   

Transport walking (60 minute change)   
Increase of 60 minutes or more  80 (29.4) 24 (26.4) 
Decrease of 60 minutes  or more  86 (31.6) 30 (33.0) 
A change of less than 60 minutes 72 (26.5) 27 (29.7) 
No participation at either time point 34 (12.5) 10 (11.0) 
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 Walkability of neighbourhood 
 Lower 

(Quartiles 1-3) 
High 

(Quartile 4) 
 Count (%) Count (%) 

Overall walking (60 minute change)   
Increase of 60 minutes or more  109 (40.4) 24 (26.7) 
Decrease of 60 minutes  or more  65 (24.1) 24 (26.7) 
A change of less than 60 minutes 88 (32.6) 40 (44.4) 
No participation at either time point 8 (3.0) 2 (2.2) 
   

Total PA (Active Australia) (60 minute change)   
Increase of 60 minutes or more  133 (48.9) 36 (39.6) 
Decrease of 60 minutes  or more  96 (35.3) 35 (38.5) 
A change of less than 60 minutes 41 (15.1) 19 (20.9) 
No participation at either time point 2 (0.7) 1 (1.1) 

*Chi square p-value < 0.05 
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Appendix 7 

 

Campaign impact by walkability within 1600m neighbourhood 

comparing the lowest quartile (1) to the upper three quartiles (2-4) 
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Table 5.20. Campaign impact by walkability within 1600m neighbourhood comparing the 

lowest quartile (1) to the upper three quartiles (2-4) 

 Walkability of neighbourhood 
 Low 

(Quartiles 1) 
Higher 

(Quartile 2-4) 
 Count (%) Count (%) 

Cognitive impact   
   
Awareness   

Aware at both time points 9 (10.0) 53 (19.4) 
Not aware at either time point 46 (51.1) 118 (43.2) 
Aware pre- but not post-campaign 16 (17.8) 39 (14.3) 
Aware post- but not pre-campaign 19 (21.1) 63 (23.1) 

   
Comprehension   

Comprehended at both time points 8 (8.9) 37 (13.6) 
Did not comprehend at either time point 52 (57.8) 145 (53.1) 
Comprehended pre- but not post-campaign 12 (13.3) 28 (10.3) 
Comprehended post- but not pre-campaign 18 (20.0) 63 (23.1) 
   

Acceptance   
Accepted message at both time points 7 (7.8) 37 (13.6) 
Did not accept at either time point 52 (57.8) 146 (53.5) 
Accepted pre- but not post-campaign 12 (13.3) 28 (10.3) 
Accepted post- but not pre-campaign 19 (21.1) 62 (22.7) 

   
Intention   

Intention at both time points 2 (2.2) 11 (4.0) 
No intention at either time point 72 (80.0) 206 (75.5) 
Intention pre- but not post-campaign 7 (7.8) 21 (7.7) 
Intention post- but not pre-campaign 9 (10.0) 35 (12.8) 
   

Action   
Took action at both time points 1 (1.1) 4 (1.5) 
Took no action at either time point 84 (93.3) 239 (87.5) 
Took action pre- but not post-campaign 4 (4.4) 11 (4.0) 
Took action post- but not pre-campaign 1 (1.1) 19 (7.0) 

   
Behaviour   
   
Transport walking (30 minute change)   

Increase of 30 minutes or more  35 (38.9) 87 (31.9) 
Decrease of 30 minutes  or more  35 (38.9) 104 (38.1) 
A change of less than 30 minutes 9 (10.0) 49 (17.9) 
No participation at either time point 11 (12.2) 33 (12.1) 
   

Transport walking (60 minute change)*   
Increase of 60 minutes or more  33 (36.7) 71 (26.0) 
Decrease of 60 minutes  or more  32 (35.6) 84 (30.8) 
A change of less than 60 minutes 14 (15.6) 85 (31.1) 
No participation at either time point 11 (12.2) 33 (12.1) 
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 Walkability of neighbourhood 
 Low 

(Quartiles 1) 
Higher 

(Quartile 2-4) 
 Count (%) Count (%) 

Overall walking (60 minute change)   
Increase of 60 minutes or more  35 (39.3) 98 (36.2) 
Decrease of 60 minutes  or more  25 (28.1) 64 (23.6) 
A change of less than 60 minutes 27 (30.3) 101 (37.3) 
No participation at either time point 2 (2.2) 8 (3.0) 
   

Total PA (Active Australia) (60 minute change)   
Increase of 60 minutes or more  42 (46.7) 127 (46.5) 
Decrease of 60 minutes  or more  37 (41.1) 94 (34.4) 
A change of less than 60 minutes 11 (12.2) 49 (17.9) 
No participation at either time point 0 (0.0) 3 (1.1) 

*Chi square p-value < 0.05 
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Appendix 8 

 

Campaign impact among those insufficiently active  

pre-campaign, by walkability within 1600m neighbourhood, 

using a median split method of dichotomisation 
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Table 5.21. Campaign impact among those insufficiently active pre-campaign, by walkability 

within 1600m neighbourhood, using a median split method of dichotomisation 

 Walkability of neighbourhood 
 Lower 

(Quartiles 1-2) 
Higher 

(Quartiles 3-4) 
 Count (%) Count (%) 

Cognitive impact   
   
Awareness   

Aware at both time points 5 (7.6) 12 (19.4) 
Not aware at either time point 29 (43.9) 21 (33.9) 
Aware pre- but not post-campaign 14 (21.2) 12 (19.4) 
Aware post- but not pre-campaign 18 (27.3) 17 (27.4) 

   
Comprehension   

Comprehended at both time points 4 (6.1) 5 (8.1) 
Did not comprehend at either time point 37 (56.1) 28 (45.2) 
Comprehended pre- but not post-campaign 8 (12.1) 10 (16.1) 
Comprehended post- but not pre-campaign 17 (25.8) 19 (30.6) 
   

Acceptance   
Accepted message at both time points 4 (6.1) 5 (8.1) 
Did not accept at either time point 37 (56.1) 29 (46.8) 
Accepted pre- but not post-campaign 8 (12.1) 10 (16.1) 
Accepted post- but not pre-campaign 17 (25.8) 18 (29.0) 

   
Intention   

Intention at both time points 0 (0.0) 1 (1.6) 
No intention at either time point 50 (75.8) 47 (75.8) 
Intention pre- but not post-campaign 9 (13.6) 7 (11.3) 
Intention post- but not pre-campaign 7 (10.6) 7 (11.3) 
   

Action   
Took action at both time points 0 (0.0) 0 (0.0) 
Took no action at either time point 59 (89.4) 55 (88.7) 
Took action pre- but not post-campaign 4 (6.1) 3 (4.8) 
Took action post- but not pre-campaign 3 (4.5) 4 (6.5) 

   
Behaviour   

   
Transport walking (30 minute change)   

Increase of 30 minutes or more  27 (40.9) 22 (35.5) 
Decrease of 30 minutes  or more  20 (30.3) 19 (30.6) 
A change of less than 30 minutes 8 (12.1) 11 (17.7) 
No participation at either time point 11 (16.7) 10 (16.1) 
   

Transport walking (60 minute change)   
Increase of 60 minutes or more  22 (33.3) 19 (30.6) 
Decrease of 60 minutes  or more  16 (24.2) 14 (22.6) 
A change of less than 60 minutes 17 (25.8) 19 (30.6) 
No participation at either time point 11 (16.7) 10 (16.1) 
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 Walkability of neighbourhood 
 Lower 

(Quartiles 1-2) 
Higher 

(Quartiles 3-4) 
 Count (%) Count (%) 

Overall walking (60 minute change)*   
Increase of 60 minutes or more  37 (56.9) 22 (36.7) 
Decrease of 60 minutes  or more  1 (1.5) 4 (6.7) 
A change of less than 60 minutes 23 (35.4) 33 (55.0) 
No participation at either time point 4 (6.2) 1 (1.7) 
   

Total PA (Active Australia) (60 minute change)   
Increase of 60 minutes or more  47 (71.2) 36 (58.1) 
Decrease of 60 minutes  or more  1 (1.5) 4 (6.5) 
A change of less than 60 minutes 17 (25.8) 20 (32.3) 
No participation at either time point 1 (1.5) 2 (3.2) 

*Chi square p-value < 0.05 
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Appendix 9 

 

Campaign impact among those insufficiently active  

pre-campaign, by walkability within 1600m neighbourhood, 

comparing the highest quartile (4) to the lower three quartiles 

(1-3) 
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Table 5.22. Campaign impact among those insufficiently active pre-campaign, by walkability 

within 1600m neighbourhood, comparing the highest quartile (4) to the lower three 

quartiles (1-3) 

 Walkability of neighbourhood 
 Lower 

(Quartiles 1-3) 
High 

(Quartile 4) 
 Count (%) Count (%) 

Cognitive impact   
   
Awareness   

Aware at both time points 11 (11.6) 6 (18.2) 
Not aware at either time point 37 (38.9) 13 (39.4) 
Aware pre- but not post-campaign 21 (22.1) 5 (15.2) 
Aware post- but not pre-campaign 26 (27.4) 9 (27.3) 

   
Comprehension   

Comprehended at both time points 8 (8.4) 1 (3.0) 
Did not comprehend at either time point 50 (52.6) 15 (45.5) 
Comprehended pre- but not post-campaign 13 (13.7) 5 (15.2) 
Comprehended post- but not pre-campaign 24 (25.3) 12 (36.4) 
   

Acceptance   
Accepted message at both time points 8 (8.4) 1 (3.0) 
Did not accept at either time point 50 (52.6) 16 (48.5) 
Accepted pre- but not post-campaign 13 (13.7) 5 (15.2) 
Accepted post- but not pre-campaign 24 (25.3) 11 (33.3) 

   
Intention   

Intention at both time points 1 (1.1) 0 (0.0) 
No intention at either time point 73 (76.8) 24 (72.7) 
Intention pre- but not post-campaign 13 (13.7) 3 (9.1) 
Intention post- but not pre-campaign 8 (8.4) 6 (18.2) 
   

Action   
Took action at both time points 0 (0.0) 0 (0.0) 
Took no action at either time point 85 (89.5) 29 (87.9) 
Took action pre- but not post-campaign 5 (5.3) 2 (6.1) 
Took action post- but not pre-campaign 5 (5.3) 2 (6.1) 

   
Behaviour   
   
Transport walking (30 minute change)   

Increase of 30 minutes or more  37 (38.9) 12 (36.4) 
Decrease of 30 minutes  or more  30 (31.6) 9 (27.3) 
A change of less than 30 minutes 12 (12.6) 7 (21.2) 
No participation at either time point 16 (16.8) 5 (15.2) 
   

Transport walking (60 minute change)   
Increase of 60 minutes or more  31 (32.6) 10 (30.3) 
Decrease of 60 minutes  or more  21 (22.1) 9 (27.3) 
A change of less than 60 minutes 27 (28.4) 9 (27.3) 
No participation at either time point 16 (16.8) 5 (15.2) 
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 Walkability of neighbourhood 
 Lower 

(Quartiles 1-3) 
High 

(Quartile 4) 
 Count (%) Count (%) 

Overall walking (60 minute change)*   
Increase of 60 minutes or more  52 (55.9) 7 (21.9) 
Decrease of 60 minutes  or more  2 (2.2) 3 (9.4) 
A change of less than 60 minutes 35 (37.6) 21 (65.6) 
No participation at either time point 4 (4.3) 1 (3.1) 
   

Total PA (Active Australia) (60 minute change)   
Increase of 60 minutes or more  65 (68.4) 18 (54.5) 
Decrease of 60 minutes  or more  2 (2.1) 3 (9.1) 
A change of less than 60 minutes 26 (27.4) 11 (33.3) 
No participation at either time point 2 (2.1) 1 (3.0) 

*Chi square p-value < 0.05 
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Appendix 10 

 

Campaign impact among those insufficiently active  

pre-campaign, by walkability within 1600m neighbourhood, 

comparing the lowest quartile (1) to the upper three (2-4) 
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Table 5.23. Campaign impact among those insufficiently active pre-campaign, by walkability 

within 1600m neighbourhood, comparing the lowest quartile (1) to the upper three (2-4) 

 Walkability of neighbourhood 
 Low 

(Quartiles 1) 
Higher 

(Quartile 2-4) 
 Count (%) Count (%) 

Cognitive impact   
   
Awareness*   

Aware at both time points 0 (0.0) 17 (17.2) 
Not aware at either time point 17 (58.6) 33 (33.3) 
Aware pre- but not post-campaign 5 (17.2) 21 (21.2) 
Aware post- but not pre-campaign 7 (24.1) 28 (28.3) 

   
Comprehension   

Comprehended at both time points 0 (0.0) 9 (9.1) 
Did not comprehend at either time point 19 (65.5) 46 (46.5) 
Comprehended pre- but not post-campaign 3 (10.3) 15 (15.2) 
Comprehended post- but not pre-campaign 7 (24.1) 29 (29.3) 
   

Acceptance   
Accepted message at both time points 0 (0.0) 9 (9.1) 
Did not accept at either time point 19 (65.5) 47 (47.5) 
Accepted pre- but not post-campaign 3 (10.3) 28 (28.3) 
Accepted post- but not pre-campaign 7 (24.1) 28 (28.3) 

   
Intention   

Intention at both time points 0 (0.0) 1 (1.0) 
No intention at either time point 24 (82.8) 73 (73.7) 
Intention pre- but not post-campaign 3 (10.3) 13 (13.1) 
Intention post- but not pre-campaign 2 (6.9) 12 (12.1) 
   

Action   
Took action at both time points 0 (0.0) 0 (0.0) 
Took no action at either time point 27 (93.1) 87 (87.9) 
Took action pre- but not post-campaign 1 (3.4) 6 (6.1) 
Took action post- but not pre-campaign 1 (3.4) 6 (6.1) 

   
Behaviour   
   
Transport walking (30 minute change)   

Increase of 30 minutes or more  16 (55.2) 33 (33.3) 
Decrease of 30 minutes  or more  4 (13.8) 35 (35.4) 
A change of less than 30 minutes 3 (10.3) 16 (16.2) 
No participation at either time point 6 (20.7) 15 (15.2) 
   

Transport walking (60 minute change)*   
Increase of 60 minutes or more  15 (51.7) 26 (26.3) 
Decrease of 60 minutes  or more  3 (10.3) 27 (27.3) 
A change of less than 60 minutes 5 (17.2) 31 (31.3) 
No participation at either time point 6 (20.7) 15 (15.2) 
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 Walkability of neighbourhood 
 Low 

(Quartiles 1) 
Higher 

(Quartile 2-4) 
 Count (%) Count (%) 

Overall walking (60 minute change)*   
Increase of 60 minutes or more  19 (67.9) 40 (41.2) 
Decrease of 60 minutes  or more  1 (3.6) 4 (4.1) 
A change of less than 60 minutes 6 (21.4) 50 (51.5) 
No participation at either time point 2 (7.1) 3 (3.1) 
   

Total PA (Active Australia) (60 minute change)   
Increase of 60 minutes or more  21 (72.4) 62 (62.6) 
Decrease of 60 minutes  or more  0 (0.0) 5 (5.1) 
A change of less than 60 minutes 8 (27.6) 29 (29.3) 
No participation at either time point 0 (0.0) 3 (3.0) 

*Chi square p-value < 0.05 
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Appendix 11 

 

Campaign impact by number of different utilitarian 

destinations within a 1600m service area 
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Table 5.24 Campaign impact by number of different destinations within a 1600m service area 

 Number of destinations within 1600m 
 0-5 6-8 9-12 
 N=114 N=136 N=113 
 Count (%) Count (%) Count (%) 

Cognitive impact    
    
Awareness    

Aware at both time points 15 (13.2) 27 (19.9) 20 (17.7) 
Not aware at either time point 51 (44.7) 61 (44.9) 52 (46.0) 
Aware pre- but not post-campaign 23 (20.2) 14 (10.3) 18 (15.9) 
Aware post- but not pre-campaign 25 (21.9) 34 (25.0) 23 (20.4) 

    
Comprehension    

Comprehended at both time points 14 (12.3) 17 (12.5) 14 (12.4) 
Did not comprehend at either time point 65 (57.0) 71 (52.2) 61 (54.0) 
Comprehended pre- but not post-campaign 15 (13.2) 11 (8.1) 14 (12.4) 
Comprehended post- but not pre-campaign 20 (17.5) 37 (27.2) 24 (21.2) 
    

Acceptance    
Accepted message at both time points 13 (11.4) 17 (12.5) 14 (12.4) 
Did not accept at either time point 65 (57.0) 72 (52.9) 61 (54.0) 
Accepted pre- but not post-campaign 15 (13.2) 11 (8.1) 14 (12.4) 
Accepted post- but not pre-campaign 21 (18.4) 36 (26.5) 24 (21.2) 

    
Intention    

Intention at both time points 4 (3.5) 3 (2.2) 6 (5.3) 
No intention at either time point 90 (78.9) 106 (77.9) 82 (72.6) 
Intention pre- but not post-campaign 8 (7.0) 9 (6.6) 11 (9.7) 
Intention post- but not pre-campaign 12 (10.5) 18 (13.2) 14 (12.4) 
    

Action    
Took action at both time points 0 (0.0) 2 (1.5) 3 (2.7) 
Took no action at either time point 104 (91.2) 124 (91.2) 95 (84.1) 
Took action pre- but not post-campaign 5 (4.4) 3 (2.2) 7 (6.2) 
Took action post- but not pre-campaign 5 (4.4) 7 (5.1) 8 (7.1) 

    
Behaviour    
    
Transport walking (30 minute change)    

Increase of 30 minutes or more  40 (35.1) 43 (31.6) 39 (34.5) 
Decrease of 30 minutes  or more  40 (35.1) 57 (41.9) 42 (37.2) 
A change of less than 30 minutes 19 (16.7) 19 (14.0) 20 (17.7) 
No participation at either time point 15 (13.2) 17 (12.5) 12 (10.6) 
    

Transport walking (60 minute change)    
Increase of 60 minutes or more  35 (30.7) 38 (27.9) 31 (27.4) 
Decrease of 60 minutes  or more  34 (29.8) 46 (33.8) 36 (31.9) 
A change of less than 60 minutes 30 (26.3) 35 (25.7) 34 (30.1) 
No participation at either time point 15 (13.2) 17 (12.5) 12 (10.6) 

    
Overall walking (60 minute change)    

Increase of 60 minutes or more  45 (39.8) 46 (34.3) 42 (37.2) 
Decrease of 60 minutes  or more  24 (21.2) 35 (26.1) 30 (26.5) 
A change of less than 60 minutes 41 (36.3) 50 (37.3) 37 (32.7) 
No participation at either time point 3 (2.7) 3 (2.2) 4 (3.5) 
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 Number of destinations within 1600m 
 0-5 6-8 9-12 
 N=114 N=136 N=113 
 Count (%) Count (%) Count (%) 

Total PA (Active Australia) (60 minute change)    
Increase of 60 minutes or more  56 (49.1) 52 (38.2) 61 (54.0) 
Decrease of 60 minutes  or more  40 (35.1) 56 (41.2) 35 (31.0) 
A change of less than 60 minutes 17 (14.9) 27 (19.9) 16 (14.2) 
No participation at either time point 1 (0.9) 1 (0.7) 1 (0.9) 

*Chi square p-value < 0.05 
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Appendix 12 

 

Campaign impact by number of different utilitarian 

destinations within a 400m service area 
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Table 5.25. Campaign impact by number of different destinations within a 400m service area 

 Number of destinations within 400m 
 0 1 2-9 
 N=112 N=153 N=98 
 Count (%) Count (%) Count (%) 

Cognitive impact    
    
Awareness    

Aware at both time points 19 (17.0) 33 (21.6) 10 (10.2) 
Not aware at either time point 56 (50.0) 62 (40.5) 46 (46.9) 
Aware pre- but not post-campaign 14 (12.5) 22 (14.4) 19 (19.4) 
Aware post- but not pre-campaign 23 (20.5) 36 (23.5) 23 (23.5) 

    
Comprehension    

Comprehended at both time points 13 (11.6) 27 (17.6) 5 (5.1) 
Did not comprehend at either time point 63 (56.3) 79 (51.6) 55 (56.1) 
Comprehended pre- but not post-campaign 11 (9.8) 16 (10.5) 13 (13.3) 
Comprehended post- but not pre-campaign 25 (22.3) 31 (20.3) 25 (25.5) 
    

Acceptance    
Accepted message at both time points 12 (10.7) 27 (17.6) 5 (5.1) 
Did not accept at either time point 64 (57.1) 79 (51.6) 55 (56.1) 
Accepted pre- but not post-campaign 11 (9.8) 16 (10.5) 13 (13.3) 
Accepted post- but not pre-campaign 25 (22.3) 31 (20.3) 25 (25.5) 

    
Intention*    

Intention at both time points 1 (0.9) 12 (7.8) 0 (0.0) 
No intention at either time point 88 (78.6) 113 (73.9) 77 (78.6) 
Intention pre- but not post-campaign 9 (8.0) 10 (6.5) 9 (9.2) 
Intention post- but not pre-campaign 14 (12.5) 18 (11.8) 12 (12.2) 
    

Action*    
Took action at both time points 0 (0.0) 5 (3.3) 0 (0.0) 
Took no action at either time point 104 (92.9) 132 (86.3) 87 (88.8) 
Took action pre- but not post-campaign 4 (3.6) 4 (2.6) 7 (7.1) 
Took action post- but not pre-campaign 4 (3.6) 12 (7.8) 4 (4.1) 

    
Behaviour    
    
Transport walking (30 minute change)    

Increase of 30 minutes or more  39 (34.8) 52 (34.0) 31 (31.6) 
Decrease of 30 minutes  or more  37 (33.0) 59 (38.6) 43 (43.9) 
A change of less than 30 minutes 17 (15.2) 26 (17.0) 15 (15.3) 
No participation at either time point 19 (17.0) 16 (10.5) 9 (9.2) 
    

Transport walking (60 minute change)    
Increase of 60 minutes or more  35 (31.3) 41 (26.8) 28 (28.6) 
Decrease of 60 minutes  or more  32 (28.6) 53 (34.6) 31 (31.6) 
A change of less than 60 minutes 26 (23.2) 43 (28.1) 30 (30.6) 
No participation at either time point 19 (17.0) 16 (10.5) 9 (9.2) 

    
Overall walking (60 minute change)    

Increase of 60 minutes or more  42 (37.8) 56 (36.8) 35 (36.1) 
Decrease of 60 minutes  or more  22 (19.8) 44 (28.9) 23 (23.7) 
A change of less than 60 minutes 40 (36.0) 50 (32.9) 38 (39.2) 
No participation at either time point 7 (6.3) 2 (1.3) 1 (1.0) 
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 Number of destinations within 400m 
 0 1 2-9 
 N=112 N=153 N=98 
 Count (%) Count (%) Count (%) 

Total PA (Active Australia) (60 minute change)    
Increase of 60 minutes or more  56 (50.0) 68 (44.4) 45 (45.9) 
Decrease of 60 minutes  or more  40 (35.7) 54 (35.3) 37 (37.8) 
A change of less than 60 minutes 14 (12.5) 31 (20.3) 15 (15.3) 
No participation at either time point 2 (1.8) 0 (0.0) 1 (1.0) 

*Chi square p-value < 0.05 
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Campaign impact by perception of places nearby to be active 
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Table 5.26. Campaign impact by perception of places nearby to be active 

 There aren’t many places nearby where I can 
be active 

 Disagree Agree 
 N=336 N=27 
 Count (%) Count (%) 

Cognitive impact   
   
Awareness   

Aware at both time points 56 (16.7) 6 (22.2) 
Not aware at either time point 157 (46.7) 7 (25.9) 
Aware pre- but not post-campaign 47 (14.0) 8 (29.6) 
Aware post- but not pre-campaign 76 (22.6) 6 (22.2) 

   
Comprehension   

Comprehended at both time points 42 (12.5) 3 (11.1) 
Did not comprehend at either time point 187 (55.7) 10 (37.0) 
Comprehended pre- but not post-campaign 35 (10.4) 5 (18.5) 
Comprehended post- but not pre-campaign 72 (21.4) 9 (33.3) 
   

Acceptance   
Accepted message at both time points 41 (12.2) 3 (11.1) 
Did not accept at either time point 188 (56.0) 10 (37.0) 
Accepted pre- but not post-campaign 35 (10.4) 5 (18.5) 
Accepted post- but not pre-campaign 72 (21.4) 9 (33.3) 

   
Intention   

Intention at both time points 12 (3.6) 1 (3.7) 
No intention at either time point 257 (76.5) 21 (77.8) 
Intention pre- but not post-campaign 26 (7.7) 2 (7.4) 
Intention post- but not pre-campaign 41 (12.2) 3 (11.1) 
   

Action   
Took action at both time points 5 (1.5) 0 (0.0) 
Took no action at either time point 301 (89.6) 22 (81.5) 
Took action pre- but not post-campaign 13 (3.9) 2 (7.4) 
Took action post- but not pre-campaign 17 (5.1) 3 (11.1) 

   
Behaviour   
   
Transport walking (30 minute change)   

Increase of 30 minutes or more  113 (33.6) 9 (33.3) 
Decrease of 30 minutes  or more  129 (38.4) 10 (37.0) 
A change of less than 30 minutes 52 (15.5) 6 (22.2) 
No participation at either time point 42 (12.5) 2 (7.4) 
   

Transport walking (60 minute change)   
Increase of 60 minutes or more  98 (29.2) 6 (22.2) 
Decrease of 60 minutes  or more  106 (31.5) 10 (37.0) 
A change of less than 60 minutes 90 (26.8) 9 (33.3) 
No participation at either time point 42 (12.5) 2 (7.4) 
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 There aren’t many places nearby where I can 
be active 

 Disagree Agree 
 N=336 N=27 
 Count (%) Count (%) 

Overall walking (60 minute change)   
Increase of 60 minutes or more  119 (35.7) 14 (51.9) 
Decrease of 60 minutes  or more  85 (25.5) 4 (14.8) 
A change of less than 60 minutes 119 (35.7) 9 (33.3) 
No participation at either time point 10 (3.0) 0 (0.0) 
   

Total PA (Active Australia) (60 minute change)*   
Increase of 60 minutes or more  152 (45.2) 17 (63.0) 
Decrease of 60 minutes  or more  128 (38.1) 3 (11.1) 
A change of less than 60 minutes 53 (15.8) 7 (25.9) 
No participation at either time point 3 (0.9) 0 (0.0) 

*Chi square p-value <0.05 
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Campaign impact by perceived knowledge of local recreational 

facilities 
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Table 5.27. Campaign impact by perceived knowledge of local recreational facilities 

 I don’t know very much about the 
recreational facilities that are available near 

where I live 
 Disagree Agree 
 N=293 N=70 
 Count (%) Count (%) 

Cognitive impact   
   
Awareness   

Aware at both time points 53 (18.1) 9 (12.9) 
Not aware at either time point 128 (43.7) 36 (51.4) 
Aware pre- but not post-campaign 43 (14.7) 12 (17.1) 
Aware post- but not pre-campaign 69 (23.5) 13 (18.6) 

   
Comprehension   

Comprehended at both time points 40 (13.7) 5 (7.1) 
Did not comprehend at either time point 154 (52.6) 43 (61.4) 
Comprehended pre- but not post-campaign 33 (11.3) 7 (10.0) 
Comprehended post- but not pre-campaign 66 (22.5) 15 (21.4) 
   

Acceptance   
Accepted message at both time points 39 (13.3) 5 (7.1) 
Did not accept at either time point 154 (52.6) 44 (62.9) 
Accepted pre- but not post-campaign 33 (11.3) 7 (10.0) 
Accepted post- but not pre-campaign 67 (22.9) 14 (20.0) 

   
Intention   

Intention at both time points 12 (4.1) 1 (1.4) 
No intention at either time point 22 (75.1) 58 (82.9) 
Intention pre- but not post-campaign 24 (8.2) 4 (5.7) 
Intention post- but not pre-campaign 37 (12.6) 7 (10.0) 
   

Action   
Took action at both time points 4 (1.4) 1 (1.4) 
Took no action at either time point 260 (88.7) 63 (90.0) 
Took action pre- but not post-campaign 13 (4.4) 2 (2.9) 
Took action post- but not pre-campaign 16 (5.5) 4 (5.7) 

   
Behaviour   
   
Transport walking (30 minute change)   

Increase of 30 minutes or more  97 (33.1) 25 (35.7) 
Decrease of 30 minutes  or more  108 (36.9) 31 (44.3) 
A change of less than 30 minutes 48 (16.4) 10 (14.3) 
No participation at either time point 40 (13.7) 4 (5.7) 
   

Transport walking (60 minute change)   
Increase of 60 minutes or more  84 (28.7) 20 (28.6) 
Decrease of 60 minutes  or more  90 (30.7) 26 (37.1) 
A change of less than 60 minutes 79 (27.0) 20 (28.6) 
No participation at either time point 40 (13.7) 4 (5.7) 
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 I don’t know very much about the 
recreational facilities that are available near 

where I live 
 Disagree Agree 
 N=293 N=70 
 Count (%) Count (%) 

Overall walking (60 minute change)   
Increase of 60 minutes or more  105 (36.2) 28 (40.0) 
Decrease of 60 minutes  or more  71 (24.5) 18 (25.7) 
A change of less than 60 minutes 104 (35.9) 24 (34.3) 
No participation at either time point 10 (3.4) 0 (0.0) 
   

Total PA (Active Australia) (60 minute change)   
Increase of 60 minutes or more  131 (44.7) 38 (54.3) 
Decrease of 60 minutes  or more  110 (37.5) 21 (30.0) 
A change of less than 60 minutes 49 (16.7) 11 (15.7) 
No participation at either time point 3 (1.0) 0 (0.0) 

*Chi square p-value <0.05 
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Campaign impact by perceived knowledge of local sporting 

clubs 
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Table 5.28. Campaign impact by perceived knowledge of local sporting clubs 

 I don’t know very much about the kinds of 
sporting clubs I could join in the area where I 

live 
 Disagree Agree 
 N=262 N=101 
 Count (%) Count (%) 

Cognitive impact   
   
Awareness   

Aware at both time points 47 (17.9) 15 (14.9) 
Not aware at either time point 116 (44.3) 48 (47.5) 
Aware pre- but not post-campaign 36 (13.7) 19 (18.8) 
Aware post- but not pre-campaign 63 (24.0) 19 (18.8) 

   
Comprehension   

Comprehended at both time points 35 (13.4) 10 (9.9) 
Did not comprehend at either time point 140 (53.4) 57 (56.4) 
Comprehended pre- but not post-campaign 29 (11.1) 11 (10.9) 
Comprehended post- but not pre-campaign 58 (22.1) 23 (22.8) 
   

Acceptance   
Accepted message at both time points 34 (13.0) 10 (9.9) 
Did not accept at either time point 140 (53.4) 58 (57.4) 
Accepted pre- but not post-campaign 29 (11.1) 11 (10.9) 
Accepted post- but not pre-campaign 59 (22.5) 22 (21.8) 

   
Intention   

Intention at both time points 11 (4.2) 2 (2.0) 
No intention at either time point 187 (75.2) 81 (80.2) 
Intention pre- but not post-campaign 20 (7.6) 8 (7.9) 
Intention post- but not pre-campaign 34 (13.0) 10 (9.9) 
   

Action   
Took action at both time points 4 (1.5) 1 (1.0) 
Took no action at either time point 234 (89.3) 89 (88.1) 
Took action pre- but not post-campaign 10 (3.8) 5 (5.0) 
Took action post- but not pre-campaign 14 (5.3) 6 (5.9) 

   
Behaviour   
   
Transport walking (30 minute change)   

Increase of 30 minutes or more 88 (33.6) 34 (33.7) 
Decrease of 30 minutes  or more 98 (37.4) 41 (40.6) 
A change of less than 30 minutes 44 (16.8) 14 (13.9) 
No participation at either time point 32 (12.2) 12 (11.9) 
   

Transport walking (60 minute change)   
Increase of 60 minutes or more 77 (29.4) 27 (26.7) 
Decrease of 60 minutes  or more 84 (32.1) 32 (31.7) 
A change of less than 60 minutes 69 (26.3) 30 (29.7) 
No participation at either time point 32 (12.2) 12 (11.9) 
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 I don’t know very much about the kinds of 
sporting clubs I could join in the area where I 

live 
 Disagree Agree 
 N=262 N=101 
 Count (%) Count (%) 

Overall walking (60 minute change)   
Increase of 60 minutes or more 95 (36.4) 38 (38.4) 
Decrease of 60 minutes  or more 66 (25.3) 23 (23.2) 
A change of less than 60 minutes 92 (35.2) 36 (36.4) 
No participation at either time point 8 (3.1) 2 (2.0) 
   

Total PA (Active Australia) (60 minute change)   
Increase of 60 minutes or more 119 (45.4) 50 (49.5) 
Decrease of 60 minutes  or more 97 (37.0) 34 (33.7) 
A change of less than 60 minutes 44 (16.8) 16 (15.8) 
No participation at either time point 2 (0.8) 1 (1.0) 

*Chi square p-value <0.05 
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Appendix 16 

Campaign impact by perceived safety during the day 
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Table 5.29. Campaign impact by perceived safety during the day 

 I feel unsafe walking in my neighbourhood 
during the day 

 Disagree Agree 
 N=337 N=26 
 Count (%) Count (%) 

Cognitive impact   
   
Awareness   

Aware at both time points 57 (16.9) 5 (19.2) 
Not aware at either time point 149 (44.2) 15 (57.7) 
Aware pre- but not post-campaign 50 (14.8) 5 (19.2) 
Aware post- but not pre-campaign 81 (24.0) 1 (3.8) 

   
Comprehension*   

Comprehended at both time points 40 (11.9) 5 (19.2) 
Did not comprehend at either time point 178 (52.8) 19 (73.1) 
Comprehended pre- but not post-campaign 39 (11.6) 1 (3.8) 
Comprehended post- but not pre-campaign 80 (23.7) 1 (3.8) 
   

Acceptance*   
Accepted message at both time points 39 (11.6) 5 (19.2) 
Did not accept at either time point 179 (53.1) 19 (73.1) 
Accepted pre- but not post-campaign 39 (11.6) 1 (3.8) 
Accepted post- but not pre-campaign 80 (23.7) 1 (3.8) 

   
Intention   

Intention at both time points 11 (3.3) 2 (7.7) 
No intention at either time point 256 (76.0) 22 (84.6) 
Intention pre- but not post-campaign 27 (8.0) 1 (3.8) 
Intention post- but not pre-campaign 43 (12.8) 1 (3.8) 
   

Action   
Took action at both time points 5 (1.5) 0 (0.0) 
Took no action at either time point 301 (89.3) 22 (84.6) 
Took action pre- but not post-campaign 13 (3.9) 2 (7.7) 
Took action post- but not pre-campaign 18 (5.3) 2 (7.7) 

   
Behaviour   
   
Transport walking (30 minute change)   

Increase of 30 minutes or more  115 (34.1) 7 (26.9) 
Decrease of 30 minutes  or more  126 (37.4) 13 (50.0) 
A change of less than 30 minutes 56 (16.6) 2 (7.7) 
No participation at either time point 40 (11.9) 4 (15.4) 
   

Transport walking (60 minute change)   
Increase of 60 minutes or more  98 (29.1) 6 (23.1) 
Decrease of 60 minutes  or more  106 (31.5) 10 (38.5) 
A change of less than 60 minutes 93 (27.6) 6 (23.1) 
No participation at either time point 40 (11.9) 4 (15.4) 
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 I feel unsafe walking in my neighbourhood 
during the day 

 Disagree Agree 
 N=337 N=26 
 Count (%) Count (%) 

Overall walking (60 minute change)   
Increase of 60 minutes or more  123 (36.8) 10 (38.5) 
Decrease of 60 minutes  or more  83 (24.9) 6 (23.1) 
A change of less than 60 minutes 119 (35.6) 9 (34.6) 
No participation at either time point 9 (2.7) 1 (3.8) 
   

Total PA (Active Australia) (60 minute change)   
Increase of 60 minutes or more  157 (46.6) 12 (46.2) 
Decrease of 60 minutes  or more  124 (36.8) 7 (26.9) 
A change of less than 60 minutes 53 (15.7) 7 (26.9) 
No participation at either time point 3 (0.9) 0 (0.0) 

*Chi square p-value <0.05 
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Campaign impact by perceived safety at night 
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Table 5.30. Campaign impact by perceived safety at night 

 I feel unsafe walking in my neighbourhood at 
night 

 Disagree Agree 
 N=192 N=171 
 Count (%) Count (%) 

Cognitive impact   
   
Awareness   

Aware at both time points 34 (17.7) 28 (16.4) 
Not aware at either time point 90 (46.9) 74 (43.3) 
Aware pre- but not post-campaign 30 (15.6) 25 (14.6) 
Aware post- but not pre-campaign 38 (19.8) 44 (25.7) 

   
Comprehension   

Comprehended at both time points 24 (12.5) 21 (12.3) 
Did not comprehend at either time point 107 (55.7) 90 (52.6) 
Comprehended pre- but not post-campaign 25 (13.0) 15 (8.8) 
Comprehended post- but not pre-campaign 36 (18.8) 45 (26.3) 
   

Acceptance   
Accepted message at both time points 23 (12.0) 21 (12.3) 
Did not accept at either time point 108 (56.3) 90 (52.6) 
Accepted pre- but not post-campaign 25 (13.0) 15 (8.8) 
Accepted post- but not pre-campaign 36 (18.8) 45 (26.3) 

   
Intention   

Intention at both time points 7 (3.6) 6 (3.5) 
No intention at either time point 147 (76.6) 131 (76.6) 
Intention pre- but not post-campaign 17 (8.9) 11 (6.4) 
Intention post- but not pre-campaign 21 (10.9) 23 (13.5) 
   

Action   
Took action at both time points 3 (1.6) 2 (1.2) 
Took no action at either time point 174 (90.6) 149 (87.1) 
Took action pre- but not post-campaign 8 (4.2) 7 (4.1) 
Took action post- but not pre-campaign 7 (3.6) 13 (7.6) 

   
Behaviour   
   
Transport walking (30 minute change)   

Increase of 30 minutes or more  71 (37.0) 51 (29.8) 
Decrease of 30 minutes  or more  69 (35.9) 70 (40.9) 
A change of less than 30 minutes 27 (14.1) 31 (18.1) 
No participation at either time point 25 (13.0) 19 (11.1) 
   

Transport walking (60 minute change)   
Increase of 60 minutes or more  61 (31.8) 43 (25.1) 
Decrease of 60 minutes  or more  57 (29.7) 59 (34.5) 
A change of less than 60 minutes 49 (25.5) 50 (29.2) 
No participation at either time point 25 (13.0) 19 (11.1) 

   
   



 

233 
 

 I feel unsafe walking in my neighbourhood at 
night 

 Disagree Agree 
 N=192 N=171 
 Count (%) Count (%) 

Overall walking (60 minute change)   
Increase of 60 minutes or more  77 (40.3) 56 (33.1) 
Decrease of 60 minutes  or more  45 (23.6) 44 (26.0) 
A change of less than 60 minutes 64 (33.5) 64 (37.9) 
No participation at either time point 5 (2.6) 5 (3.0) 
   

Total PA (Active Australia) (60 minute change)   
Increase of 60 minutes or more  88 (45.8) 81 (47.4) 
Decrease of 60 minutes  or more  73 (38.0) 58 (33.9) 
A change of less than 60 minutes 28 (14.6) 32 (18.7) 
No participation at either time point 3 (1.6) 0 (0.0) 

*Chi square p-value <0.05 

 

 

 

 


