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ABSTRACT 

The purpose of this analysis was to use longitudinal data over seven years (four surveys) from the 

Residential Environments (RESIDE) Study (Perth, Australia 2003-2012) to more carefully examine the 

relationship of neighborhood walkability and destination accessibility to neighborhood transport walking 

seen in many cross-sectional studies.  We compared effect estimates from three types of logistic 

regression models; two that utilise all available data (a population marginal model and a subject-level 

mixed model), and a third subject-level conditional model that exclusively uses within-person 

longitudinal evidence. The results support that neighborhood walkability (especially land use mix and 

street connectivity) and local access to public transit stops and the variety of destinations are important 

determinants of transport walking. The similarity of (subject-level) effect estimates from logistic mixed 

models and conditional logistic models indicates there is little or no bias from uncontrolled time-constant 

residential preference (self-selection) factors, but confounding by uncontrolled time-varying factors such 

as health status remains a possibility. These findings provide policy-makers and urban planners with 

further evidence of features of the built environment that may be important in the design of 

neighborhoods to increase transport walking and meet the health needs of residents. 
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Over the last decade there has been increased research examining built environment features that 

enable or facilitate or are barriers to improved health (1-5). A strong focus of this research has been 

understanding the relationship between the neighborhood built environment and physical activity (2, 5-7) 

and an effective strategy has been to estimate neighborhood built environment effects on neighbourhood 

walking (8).  In particular, measures of neighborhood walkability and the number and diversity of 

destinations (land use mix) that are accessible by walking from home have received considerable 

attention (9-13). In a recent review, 80% of studies reported a positive association between walking and 

the presence and proximity of retail and service destinations (14). Overall, more built environment studies 

have reported associations with transport-related walking compared with other types of physical activity 

(11). Since the 1996 US Surgeon General’s report (15), promoting walking has been a global priority with 

public health agencies actively promoting walking for transport (16).  

However, most studies to date have relied upon cross-sectional analyses with few studies having a 

longitudinal design (17-20). Cross-sectional studies are subject to confounding by unmeasured and thus 

uncontrolled factors, including factors related to why people choose to live in certain neighborhoods 

(often called self-selection factors) (21).  Longitudinal or repeated measures data on a cohort of 

individuals allow temporal order to be considered and the examination of within-person changes in both 

built environment factors and physical activity behaviours. These within-person relationships, if analysed 

appropriately, are not subject to confounding by time-constant (selection and other) factors as each 

individual serves as his/her own control (22, 23).  Thus longitudinal data, if analysed with appropriate 

regression models, and if there is sufficient variation over time within as well as between individuals, 

provides better evidence for likely causal relationships between the built environment and physical 

activity behavior.   

The RESIDential Environments (RESIDE) study provides a unique opportunity to examine 

longitudinal data from a cohort of individuals and provide stronger evidence of a causal relationship 

between the built environment and transport-related walking. Importantly, the study has been designed to 

answer the question of self-selection (21, 24, 25). The primary aim of this analysis was to use longitudinal 



4 
 

data over seven years (four surveys) from the RESIDE study to examine neighborhood walkability and 

destination accessibility in relation to neighborhood transport walking. A secondary aim was to examine 

these relationships using three types of logistic regression models, two that utilise all available data (a 

population marginal model and a subject-level mixed model) and a third subject-level conditional model 

that exclusively uses within-person longitudinal evidence, and to compare effect estimates from these 

different models. The comparison of effect estimates from the subject-level mixed and conditional models 

enables assessment of bias arising from unmeasured time-constant confounders such as self-selection 

factors. 

MATERIALS AND METHODS 

Sample and data collection 

The RESIDE study commenced in 2003, and is a longitudinal natural experiment of 1813 people 

building homes in 73 new housing developments across metropolitan Perth, Western Australia. Details of 

participant recruitment procedures have been reported elsewhere (26). Briefly, participants moving to 

each development were invited to participate by the state water authority following the land transfer 

transaction. The following eligibility criteria were applied: English proficiency; 18 years; intention to 

relocate by December 2005; and willingness to complete surveys four times over seven years. Participants 

were recruited by telephone and one person from each household randomly selected. Participants were 

surveyed four times: baseline (T1: n=1813); then approximately one (T2: n=1467), three (T3: n=1230), 

and seven years (T4: n=565) later. The numbers included in analyses are slightly less than these figures 

due to missing data. Almost all participants (99%) moved to their new home between T1 and T2 and 10% 

moved home after T2. The University of Western Australia’s Human Research Ethics Committee 

(#RA/4/1/479) provided ethics approval.  

Measures 

Outcome variable   Participants reported the frequency of transport-related walking within their 

neighborhood (defined as a 15 minute walk from their home) over a usual week using the Neighborhood 

Physical Activity Questionnaire (27). This questionnaire has been shown to have acceptable reliability 

(27). The frequency of neighbourhood transport walking was reduced to a binary yes/no variable for the 
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main analyses as the majority of participants did no neighbourhood transport walking and the distribution 

was heavily skewed (68% did none, mean frequency was 1.2 times/week and median was zero) and 

dominated by the none/some dichotomy. Thus the focus was on factors that influenced whether or not 

participants did any neighbourhood walking for transport rather than the amount (for those that did some) 

and the results therefore directly facilitate the study of built environment interventions aimed at 

increasing neighborhood transport walking specifically through encouraging the uptake or maintenance of 

the behavior. 

Adjustment variables   All models adjusted for age, gender, marital status, education level, 

occupation (including whether or not in the workforce), hours of work per week, household income, 

number of adults in household, children at home and motor vehicle access (see Table 1). These were 

included as time-varying factors in all models.  

Objective measures of the neighborhood environment    At each time point objective built 

environment measures were generated using Geographic Information Systems, and included 

(standardised) neighbourhood walkability measures street connectivity, residential density and land use 

mix which were calculated for the area accessible along the street network within 1600m from the 

participant’s home(28, 29). The measure of land use mix used was “Model 2” in Christian et al(30).  The 

count of different types of services (dry cleaner, post office, pharmacy, video store; range 0-4), 

convenience stores (deli, general store, supermarket, green grocer, seafood shop, petrol station shop, other 

food shop, shopping center; range 0-8), public open space destinations (park, sports field, beach; range 0-

3), and bus stops, and railway station (yes/no) within a 1600m service area of participant’s homes were 

also calculated. A commercial electronic database of services and stores (Sensis Pty Ltd, Sydney, 

Australia) was used to generate these counts based on the geocoded locations of destinations and 

participants’ homes. There is moderate to good agreement between these measures and what is actually 

on the ground (31). 

Perceptions of the neighborhood environment   The count of different types of services (dry cleaner, 

post office, pharmacy, video store; range 0-4), convenience stores (local shop, supermarket, green grocer, 

petrol station shop; range 0-4), and public open space destinations (park, sports field, beach; range 0-3), 
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and the presence of a bus stop (yes/no) and railway station (yes/no) participant’s perceived they had 

access to within the neighborhood (≤15min walk from home) were calculated from responses to the 

Neighborhood Environment and Walking Scale questionnaire and which have been demonstrated as 

reliable(32). 

Statistical analysis 

We used logistic regression models as they are the most commonly used regression method for 

binary (dichotomous) outcome data and because there are well established and reliable approaches for 

fitting the three different types of logistic regression models.  All models were fitted using SAS software 

(Statistical Analysis System, SAS Institute, Inc., Cary, North Carolina). The first type of logistic model 

was a marginal model that was fitted using all available data from the four time points for each person. It 

provided population-average estimates of the effects of factors on neighborhood transport walking 

(yes/no) using Generalised Estimating Equations with robust standard errors. This allowed for repeated 

measures on the same person over time to be correlated. SAS Proc Genmod with a Repeated statement 

was used to fit these marginal models. The second model that also used all available data was a 

conditional model that included a random effect for each subject (which allowed a correlation between 

repeated measures on the same subject over time). This type of model provided subject-level estimates of 

the effects of factors. SAS Proc Glimmix with a Random statement was used to fit these conditional 

models. This second type of model is often termed a logistic mixed model due to measuring both fixed 

and random effects.  If the factor is time-varying, the estimated effect of the factor from these first two 

types of model is a combined cross-sectional and within-person change effect estimate(22, 33).  The third 

was a conditional model that included a fixed effect for each subject (which absorbed the effects of all 

measured and unmeasured time-constant factors) and provided subject-level estimates of the effects of 

time-varying factors.  SAS Proc Logistic with a Strata statement was used to fit this model (commonly 

termed conditional logistic regression). The effects of time-constant factors cannot be estimated in this 

third type of model and, because the estimated effect of a time-varying factor is based entirely on within-

person changes, there is no potential for bias from measured or unmeasured time-constant 

confounders(22, 33).  
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As models with the separate counts of destination types for services, convenience stores and public 

open spaces did not provide a better fit than the models with the total number of types of these 

destinations, only fitted models with the total counts of types of destinations are shown (for both 

objective and perceived destinations).  

RESULTS 

Baseline socio-demographic characteristics of study cohort 

At baseline, the mean age of participants was 40 years, 60% were female, 82% were either married 

or in a de facto relationship (i.e. living with partner but not married), 23% had a bachelor degree or 

higher, 43% had professional or managerial-administrator occupations and 25% lived in households 

earning ≥$90,000 per year. Many participants worked 39-59 hours per week (43%), had access to a motor 

vehicle (98%), and lived in a household which had two adults (59%) and children (49%) living at home 

(Table 1).  

Transport walking and characteristics of the neighborhood environment over time 

At baseline (T1) 37% of participants did some neighborhood transport walking, with 28% at one 

(T2), 29% at three (T3), and 36% at seven (T4) years follow-up. The mean frequency of walking/week 

for transport in the neighborhood showed a similar pattern of change over time; 1.4 trips at baseline with 

a decrease at one (1.1) and three years (1.1) follow-up but then returning to baseline levels at seven years 

follow-up (1.4).  

Many features of the neighborhood environment of the participants decreased substantially upon re-

location to a new housing development (between T1 and T2), and then gradually increased but even by 

seven years follow-up (T4) many had not yet returned to their baseline levels (number of bus stops, 

railway station, types of services and convenience stores) (Table 2). Access to types of public open spaces 

was similar across all time points. Street connectivity increased slightly over time, land use mix decreased 

between T1 and T2 and then remained stable, and residential density was relatively stable over all time 

points. 

Effect of the built environment on neighborhood transport walking over time  
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Table 3 shows the multivariate model estimates obtained from the three different modelling 

approaches with objective measures of neighborhood walkability and objective measures of 

neighbourhood public transit and destinations. Table 4 shows estimates from the equivalent model with 

objective measures of neighborhood walkability and perceived measures of neighbourhood public transit 

and destinations.  

Both the connectivity and land use mix walkability components (but not residential density), and 

neighborhood access to public transit were significantly related to walking for transport in the 

neighborhood and this was consistent across all three analysis methods.  Connectivity had an estimated 

population-average odds ratio of 1.09 per unit change (Method I) and estimated subject-level odds ratios 

of 1.12 and 1.13 for Methods II and III respectively. Land use mix had an estimated population-average 

odds ratio per unit change of 1.21 (Method I) and estimated subject-level odds ratios of 1.29 and 1.33 for 

Methods II and II respectively. Participants with 30+ bus stops within 1600m had approximately doubled 

odds of walking for transport compared to participants with 0-14 bus stops and the presence of a train 

station within 1600m increased the odds of walking for transport by about 50%. The objectively 

measured count of types of destinations was significantly related to walking for transport in a dose-

response manner (trend P-values < 0.05) but when categorised into levels the odds ratio comparing 

participants’ neighborhoods with 8-15 to 0-3 destinations types within 1600m was only about 1.3 (P 

value= 0.04).  

When the objective public transit and destinations measures (Table 3) were replaced by the 

measures of perceived access to public transit and destinations (Table 4), the estimated odds ratios for the 

walkability measures were slightly attenuated, the odds ratio for railway station access was essentially the 

same, and although the perceived bus stop access measure was binary (yes/no) it remained significant in 

Methods I and II.  There was however a substantial increase in the strength and significance of the 

relationship with the total count of types of destinations when the objective measure was replaced with 

the perceived measure. The odds of walking for transport more than doubled when comparing participants 

who perceived access to 7-11 compared with 0-2 destinations types within a 15 minute walk from home. 

DISCUSSION 



9 
 

In our fitted models of population-average and subject-level (within and between) effects on 

transport walking we found that neighborhood connectivity and land use mix, public transit stops, and the 

diversity of destination types that were accessible from home by walking, were significantly related to 

neighborhood transport walking. These longitudinal results were evident in three types of regression 

models and provide stronger evidence than is available from previous findings from cross-sectional 

studies (11, 14, 34).  

Our longitudinal results on measures of walkability support several cross-sectional studies (35-37) 

as well as studies of self-selection, neighborhood design and walking (11, 38-40). However, whereas we 

found both connectivity and land use mix to be positively related to transport walking, a small 

longitudinal study of neighborhood design and women’s pedometer-measured walking found that 

increases in land use mix were associated with less walking (ie negative relationship) but fewer cul de 

sacs (higher connectivity) was positively associated with more walking (41). Our results suggest that the 

three traditional components of walkability (street connectivity, residential density and land use mix) are 

not always equally important determinants of transport walking, and perhaps should not always be 

weighted equally when constructing overall walkability indices (42). In our study, land use mix had a 

greater and more significant effect than either street connectivity or residential density. Of the few 

longitudinal studies conducted to date there is some evidence to suggest that increased mix of businesses 

(25, 43) and more public and pay recreational facilities are determinants of walking and physical activity 

(23). The relative importance of the three components of walkability however may differ across studies 

and geographic location as the magnitude of effects per standard deviation change (i.e. per unit of Z-

score) are influenced by the degree of heterogeneity in these component measures within the population 

under study.  Perth is a relatively low density city with small variation in these measures - in the 

multivariate models the estimated odds ratio for land use mix was modest at around 1.25 for a one 

standard deviation change. Interactions between these variables could not be adequately investigated in 

our study due to the relatively small variation in these measures and the moderate sample size but remain 

a possibility.  For example, as pointed out in a review report(6), high residential density is likely to be a 

pre-requisite for the presence of mixed land uses, as without increased density there are insufficient 
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people to support local shops services, and public transit.  Newman and Kenworthy (44) have observed 

that both housing and employment densities of at least 35 per hectare are required to support public 

transit.  Thus, future research should examine the relative importance of, and interactions between, the 

three components of neighborhood walkability in cities with greater variation in these measures.  

Our longitudinal results, as expected, confirm that access to public transit (bus, rail) is a key 

determinant of walking for transport.  As the RESIDE study involves a cohort of people who re-located 

(between T1 and T2) to new greenfield developments mostly on the outer regions of the Perth 

metropolitan areas, there was a decrease in the number of neighborhood public transit stops from T1 to 

T2 and this has previously been shown to be related to a reduction in their local transport-related walking 

(18).  The current results utilising T1 through T4 data and a variety of regression modelling approaches 

re-confirm this relationship.   Results from two transit rail quasi-experiments (45-47) show that the 

implementation of rail infrastructure may increase walking. Our results support this since, although only a 

small percentage of participants had local access to a train station it was (independently) related to 

walking for transport with an odds ratio of about 1.5. 

Our longitudinal results also confirm that local access to a variety of destinations is an important 

determinant of walking for transport.  However, the relationship was much stronger for the measure of 

perceived access to types of destinations than for the objective Geographic Information Systems -derived 

measure. Further, when both the perceived and objective measures were included together in the same 

multivariate models (results not shown), the perceived measure remained highly significant and the 

objective measure no longer significant. This may be because perceptions rather than objective measures 

are more proximal to the individual’s intention, self-efficacy and decision-making in relation to walking 

for transport. Alternatively, the weaker relationship with objective measures could reflect measurement 

error and/or under-counting of the number of types of destinations using the destination databases 

available for this analysis(31). Nevertheless without actual destinations being present, it would not seem 

possible for participants to hold positive perceptions about their presence and so the presence of 

accessible destinations remains important.  
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Longitudinal studies, with repeated measures on a cohort of individuals, allow both cross-sectional 

(i.e., between people) comparisons and within-person comparisons. Residential preferences (i.e., self-

selection factors) are an important issue in ascertaining the causal effect of the neighborhood environment 

on transport walking.  Thus direct comparison of (subject-level) effect estimates from logistic mixed 

models (method II) and conditional logistic models (method III) enables an assessment of the influence of 

uncontrolled (time-constant) self-selection and other confounders.  If the effect estimates are similar then 

there can be no bias from uncontrolled confounding by time-constant factors in the logistic mixed model 

(method II), therefore, its effect estimate is preferred as it uses all available cross-sectional and 

longitudinal evidence. Furthermore, the effect estimate from the corresponding logistic Generalised 

Estimating Equations Generalised Estimating Equations model (method I) is thus also preferred but of 

course it provides population-average estimates.  If the logistic mixed model (method II) and conditional 

logistic model (method III) produce different effect estimates then the presumption is that there is 

confounding by time-constant factors and so estimates from the conditional logistic model (method III) 

which are not affected by this confounding are preferred.   Note however, that as the conditional logistic 

model only uses within-person (ie longitudinal) comparisons, its estimate will be less precise (i.e., greater 

standard error).  

In our multivariate models, we found similar effect sizes from methods II and III for all 

neighborhood environment factors suggesting little confounding by uncontrolled time-constant factors, 

including time-constant selection factors.  As expected, we also observed more precise (confidence 

intervals not as wide) effect estimates from method II as compared with method III.  Further, as is 

generally the case, the effect sizes were slightly larger in the subject-level logistic mixed model (method 

II) than in the equivalent marginal model (method I).  That is, the effect of these environmental factors is 

greater when considered at the individual-level than when considered at a population average-level.  The 

estimated subject-level odds ratio represents the estimated increase in the odds of an individual doing 

transport walking if his/her environmental factor level changes. It is important to note that logistic models 

applied to cross-sectional data produce population-average effect estimates and hence can only be validly 

compared with effect estimates from method I for longitudinal data.  
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Note that whilst comparison of estimates from the Method II and Method III models does allow 

assessment of potential confounding by unmeasured time-constant (eg self-selection) factors it does not 

address potential confounding by unmeasured time-varying factors.  Uncontrolled time-varying factors 

that are associated with change in walking behaviour and also associated with changes in the built 

environment may lead to bias in the estimated effect of the built environment.  Changing health status and 

demographic transitions such as marriage, divorce, having children, and leaving workforce may be 

associated with change in walking behaviour and also likely to be associated with change in built 

environment if the participant re-locates due to the change in health or demographic status. In our models 

we have adjusted for demographic transitions but not for changing health status so bias from changing 

health status remains a potential source of bias.  

A limitation and further potential source of bias in effect estimates from this study is the drop-out of 

participants (especially between T3 and T4).  An analysis of the factors related to participant drop-out 

revealed that drop-out was associated with some demographic variables (age, sex, children at home) but 

was not related to prior values of walking behaviour (the outcome variable).  When drop-out is related to 

covariates only and not to prior or missing values of the outcome variable, the drop-out pattern is called 

(conditionally on the covariates) missing completely at random.  Estimates from method I are unbiased 

under this pattern of drop-out (provided the covariates related to drop-out are included in the models and 

that there are no further unmeasured covariates related to drop-out) and estimates from the likelihood-

based Methods II and III are unbiased under this drop-out pattern and also under the less restrictive 

pattern of missing at random where drop-out can also be related to the prior value of the outcome variable 

(22). If drop-out is related to the missing values of the outcome variable (this cannot be checked from the 

data) the drop-out pattern is called non-ignorable and all methods may produce biases estimates.  

In a recent Australian study physical inactivity ranked fourth in terms of measured population 

health loss(48) and since this is largely amenable to change there is a need to identify effective built 

environment supports for increased physical activity. This longitudinal study provides stronger evidence 

than cross-sectional studies of a possible supportive effect of the neighborhood built environment on local 

transport-related walking. The results suggest that people living in neighborhoods with mixed land uses, 
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connected streets, access to public transit and a diverse number of destinations (services, convenience 

stores, public open space) benefit from higher levels of local transport walking. These findings provide 

policy-makers and urban planners with further evidence of features of the built environment that may be 

important in the design of neighborhoods to increase transport walking and meet the health needs of 

residents. Future research should examine the relative importance of the components of neighborhood 

walkability in cities with greater variation in these measures.  They should also consider using the 

analytic methods described here when examining the relationships between the built environment and 

walking.  
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Table 1.  Baseline Socio-demographic Characteristics of RESIDE Study Cohort, Perth, Western Australia 

2003-2005 (n=1,703). 

Characteristic % 

Female 59.8 

Age in yearsa 39.9 (11.8) 

Marital status  

 Married/de facto 81.6 

 Separated/divorced/widowed 7.6 

 Single 10.8 

Education level  

 Secondary or less 39.4 

 Trade/apprenticeship/certificate 37.4 

 Bachelor degree or higher 23.2 

Occupation  

 Manager/administrator 15.0 

 Professional 28.0 

 Blue collar 16.5 

 Clerical/sales/service/other 23.0 

 Not in workforce 17.4 

Hours of work per week   

 ≤ 19 10.8 

 20 – 38 24.4 

 39 – 59 42.6 

 ≥ 60 4.7 

 Not in workforce 17.4 
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Household income  

 ≤ $50,000 25.7 

 $50 – 69,000 25.0 

 $70 – 89,000 23.2 

 ≥ $90,000 26.0 

Number of adults in household   

 One 16.4 

 Two 59.4 

 Three 12.7 

 ≥ Four 11.5 

Children at home 49.0 

Access to a motor vehicle 98.1 

a Value is mean (SD) 
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Table 2: Objective and Perceived Neighborhood Environment of Participants at Baseline (T1) and in New Neighborhood at one (T2), three (T3) and seven 

(T4) Years Follow up: RESIDE Study, Perth, Western Australia, 2003 -2012. 

 T1 

(n=1703) 

T2 

(n=1273) 

T3 

(n=1150) 

T4 

(n=504) 

Neighborhood environment measure Mean (SD) % Mean (SD) % Mean (SD) % Mean (SD) % 

Connectivity (z-score)  -0.0 (1.0)  0.7 (1.5)  1.0 (1.4)  1.2 (1.5)  

Residential density (z-score)  -0.0 (1.0)  -0.3 (0.7)  -0.1 (0.5)  -0.1 (0.5)  

Land use mix (z-score)  -0.0 (1.0)  -0.5 (0.9)  -0.7 (0.7)  -0.5 (1.0)  

Number of bus stopsa  

    0-14 

    15-29 

    30+ 

37 (21) 

 

 

10 

32 

58 

21 (14) 

 

 

37 

43 

20 

23 (15) 

 

 

35 

43 

22 

24 (13) 

 

 

21 

53 

27 

Railway station presentb  10  1  2  4 

Count of type of servicesc  1.3 (1.2)  0.7 (1.1)  0.8 (1.2)  0.9 (1.1)  

Count of type of convenience storesd 2.2 (1.9)  0.7 (1.3)  0.8 (1.4)  1.1 (1.5)  

Count of type of public open spacese  1.2 (0.5)  1.1 (0.4)  1.1 (0.4)  1.1 (0.5)  

Total count of types of destinationsf  

    0-3 

    4-7 

    8-15 

4.7 (2.9) 

 

 

44 

35 

21 

2.4 (2.4) 

 

 

79 

14 

7 

2.6 (2.5) 

 

 

79 

13 

8 

3.1 (2.6) 

 

 

68 

23 

9 

Perceived access to bus stopg  85  84  88  91 

Perceived access to railway stationh  10  3  6  6 
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Count of perceived access to types of servicesi  1.6 (1.6)  0.7 (1.2)  0.9 (1.4)  1.1 (1.3)  

Count of perceived access to types of 

convenience storesj 

2.0 (1.5)  0.9 (1.3)  1.2 (1.5)  1.7 (1.5)  

Count of perceived access to types of public 

open spacek 

1.6 (0.7)  1.5 (0.7)  1.5 (0.7)  1.6 (0.7)  

Total count of perceived access to types of 

destinationsl  

    0-2 

    3-6 

    7-11 

 

5.2 (3.1) 

 

 

 

28 

34 

38 

 

3.1 (2.7) 

 

 

 

62 

24 

15 

 

3.7 (3.0) 

 

 

 

53 

25 

22 

 

4.4 (3.0) 

 

 

 

39 

34 

27 

T1= time point 1 (baseline); T2= time point 2 (1 year); T3=time point 3 (3 years); T4=time point 4 (7 years); SD = standard deviation 
a Number of bus stops within 1600m. 
b Railway station present within 1600m. 
c Count of types of services: dry cleaner, post office, pharmacy, video store (range 0-4) within 1600m. 
d Count of types of convenience stores: deli, general store, supermarket, green grocer, seafood shop, petrol station shop, other food shop, shopping centre (range 0-8) within 

1600m. 
e Count of types of public open spaces: parks ≥2 ha, sports fields, beach (range 0-3) within 1600m. 
f Total count of types of services, convenience shops and public open spaces (range 0-15) within 1600m.  
g Perceived access to bus stop within 15minute walk from home. 
h Perceived access to railway station within 15minute walk from home. 
i Count of types of services: dry cleaner, post office, pharmacy, video store (range 0-4) participant perceives has access to within 15minute walk from home. 
j Count of types of convenience stores: local shop, greengrocer, petrol station shop, supermarket (range 0-4) participant perceives has access to within 15minute walk from 

home. 
k Count of type of public open spaces: parks, sports fields, beach (range 0-3) participant perceives has access to within 15minute walk from home. 
l Total count of types of services, convenience shops and public open spaces (range 0-11) participant perceives has access to within 15minute walk from home. 
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Table 3.  Multivariate Models of the Effect of Neighborhood Walkability and Objective Public Transit and Destination Measures of the Built Environment 

on Neighborhood Transport Walking Over Time Using Three Different Analysis Methods. RESIDE Study, Perth, Western Australia, 2003 -2012. 

 Analysis method I: 

Marginal-Population average 

(N=1703 participants with 4630 

observations) 

Analysis method II: 

Conditional-Subject level-Mixed 

(N=1703 participants with 4630 

observations) 

Analysis method III:  

Conditional-Subject level-Fixed effect 

(N=1703 participants with 2858 

within-person comparisons) 

 OR 95% CI OR 95% CI OR 95% CI 

Connectivity (z-score) 1.09  1.03 , 1.15 1.12 1.04 , 1.21 1.13 1.01 , 1.26 

Residential density (Z-score) 1.02 0.92 , 1.14 1.03 0.90 , 1.18 0.96 0.80 , 1.15 

Land use mix (z-score) 1.21 1.12 , 1.30 1.29 1.17 , 1.43 1.33 1.16 , 1.52 

Number of bus stopsa       

  0 – 14 1.00  1.00  1.00  

  15 – 29 1.63 1.34 , 1.98 1.88 1.49 , 2.39 1.99 1.46 , 2.71 

  ≥ 30 1.75 1.39 , 2.19 2.07 1.56 , 2.74 2.33 1.57 , 3.45 

Railway station presentb  1.34 1.00 , 1.81 1.52 1.03 , 2.26 1.79 1.02 , 3.16 

Total count of types of destinationsc       

  0 – 3 1.00  1.00  1.00  

  4 – 7 1.03 0.87 , 1.22 1.03 0.82 , 1.29 1.08 0.80 , 1.45 
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  8 - 15 1.29 1.02 , 1.64 1.38 1.02 , 1.87 1.40 0.93 , 2.10 

CI=confidence interval; OR=odds ratio; All models adjusted for age, gender, marital status, education level, occupation (including whether or not in the workforce), hours 

of work per week, household income, number of adults in household, children at home, motor vehicle access and time. 
a Number of bus stops within 1600m. 
b Railway station present within 1600m. 
c Total count of types of services, convenience shops and public open spaces (range 0-15) within 1600m.  
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Table 4. Multivariate Models of the Effect of Neighborhood Walkability and Perceived Public Transit and Destinations Measures of the Built Environment 

on Neighborhood Transport Walking Over Time Using Three Different Analysis Methods. RESIDE Study, Perth, Western Australia, 2003 -2012. 

 Analysis method I: 

Marginal-Population average 

(N=1703 participants with 4630 

observations) 

Analysis method II: 

Conditional-Subject level-Mixed 

(N=1703 participants with 4630 

observations) 

Analysis method III:  

Conditional-Subject level-Fixed effect 

(N=1703 participants with 2858 

within-person comparisons) 

 OR 95% CI OR 95% CI OR 95% CI 

Connectivity (z-score) 1.05 0.99 , 1.11 1.06 0.99 , 1.15 1.07 0.95 , 1.19 

Residential density (z-score) 1.04 0.94 , 1.15 1.05 0.92 , 1.19 0.97 0.81 , 1.15 

Land use mix (z-score) 1.16 1.08 , 1.25 1.22 1.10 , 1.34 1.27 1.11 , 1.45 

Perceived access to bus stopa 1.35 1.10 , 1.66 1.49 1.14 , 1.96 1.31 0.92 , 1.87 

Perceived access to railway stationb 1.44 1.13 , 1.85 1.64 1.17 , 2.28 1.80 1.13 , 2.85 

Total count of perceived access to 

types of destinationsc 

      

 0 – 2 1.00  1.00  1.00  

 3 – 6 2.07 1.76 , 2.43 2.58 2.09 , 3.20 2.35 1.81 , 3.05 

 7 - 11 2.32 1.95 , 2.77 3.01 2.38 , 3.80 3.11 2.28 , 4.25 

CI=confidence interval;  OR= odds ratio; All models adjusted for age, gender, marital status, education level, occupation (including whether or not in the workforce), hours 

of work per week, household income, number of adults in household, children at home, motor vehicle access and time. 
a Perceived access to bus stop within 15minute walk from home. 
b Perceived access to railway station within 15minute walk from home. 
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c Total count of types of services, convenience shops and public open spaces (range 0-11) participant perceives has access to within 15minute walk from home. 
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