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The life and death of residential dissonants in transit-oriented development: A discrete time 

survival analysis 

Abstract 
Residential dissonants, residents who are not satisfied with land use patterns in their neighbourhood, 

are a threat to transit-oriented development (TOD) policy because of their unsustainable transport 

choices. However, it is not known if their level of dissatisfaction is reduced in TODs, and if so, the time 

duration it takes. This study tracks dissonance status of 98 TOD residents using five waves of panel 

data spanning over nine years from Brisbane, Australia. The residents were classified into TOD 

dissonant and TOD consonant (opposite of dissonants) groups and a discrete time survival analysis 

technique was applied to identify time-to-event for these groups. An event was recorded if a dissonant 

became a consonant, or vice versa. Two discrete time hazard models were estimated using binary 

logistic regression analysis (one for each transition) to identify socio-demographic and built 

environment characteristics associated with the occurrence of an event. Results showed that about 46% 

of the TOD residents were dissonants at baseline. The survival functions were significantly different 

between dissonant and consonant classes. About half of the dissonants took-on the characteristics of 

consonants in just four years. In contrast, TOD consonants remained consonants relatively longer 

(median survival duration is 9 years). Groups that were likely to become dissonants were those with 

low educational status, and people born overseas. The findings suggest that TODs have an autonomous 

effect on changing attitudes over time, which verifies the ‘reverse causality’ hypothesis, and therefore, 

TODs are likely to be dissonant free naturally presumably as residents experience the benefits of TOD 

living.  The process could be sped up with targeted policy interventions (e.g., concessionary travel card, 

rent relief to bear the high cost of living in TODs) for those being as, or likely to be susceptible to 

become dissonant.   
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1. Introduction 

The theory of cognitive dissonance is now increasingly being used in transportation research to explain 

travel behaviour outcomes (De Vos, 2018; Kah and Lee, 2016; Kajosaari et al., 2019; Manaugh and El-

Geneidy, 2015; Tanford and Montgomery, 2015; van de Coevering et al., 2018). Cognitive dissonance 

is a state of mind involving conflicting attitudes, beliefs or behaviour (Festinger, 1957). For example, 

knowing the risk of cancer from cigarettes (cognition) and continuing smoking (behaviour) can be 

considered as a state of cognitive dissonance. Festinger (1957) has highlighted that individuals try to 

avoid discomfort from cognitive dissonance in three ways: a) altering attitudes, beliefs or behaviour; b) 

acquiring new information (e.g. new research shows that smoking is not that harmful); and c) reducing 

the importance of cognition (e.g. the pleasure of smoking is more important than the sufferings from 

cancer).  

 

Schwanen and Mokhtarian (2004) have adapted the theory of cognitive dissonance in the context of 

urban form and travel behaviour research and referred to it as residential dissonance, which is the focus 

of this study. Yet, the theory has also been applied in other areas of transportation research such as in 

the context of travel attitudes and travel behaviour, which is denoted as travel mode dissonance (De 

Vos, 2018; Kroesen et al., 2017; Li, 2018; Thigpen, 2019; Ton et al., 2020; Ye and Titheridge, 2017; 

Zarabi et al., 2019). Residential dissonance is characterised as the discrepancy between preferred and 

actual land-use patterns in residential neighbourhoods whereas a congruency between them is referred 

to as residential consonance (Schwanen and Mokhtarian, 2004). Likewise, mismatched residents in a 
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neighbourhood are defined as residential dissonants whereas residents with matched land use patterns 

are denoted as residential consonants. 

 

Our review of the literature on residential dissonance, as elaborated in Section 2, shows that a large 

share of dissonants exist in a neighbourhood who are found to be a threat to sustainable transport and 

land use policy strategies (e.g. transit-oriented development). This is due to the fact that dissonants in 

transit rich neighbourhood exhibit an unsustainable travel behaviour (more reliance on the car and less 

on public transport) and they are unlikely to make a behavioural shift (e.g. from car to public transport) 

in order to be congruent with existing land use patterns (e.g. transit rich neighbourhood). Dissonants 

are also difficult to identify for policy interventions; and evidence on their adjustment of preferences to 

surrounding land uses has been scarcely reported and often inconclusive and incomplete. Against this 

backdrop, this study aims to examine the survival duration of residential dissonants/consonants in a 

neighbourhood in a natural experiment. In particular, the study seeks to answer the following three 

interrelated questions:  

a) Do existing dissonants in a neighbourhood die (i.e. leave the neighbourhood and/or transition 

to become consonants), and if so, how long do they take to disappear?  

b) Do new dissonants in a neighbourhood continue to form, and if so, how long does the process 

take for an existing consonant to transition to a dissonant?  

c) Which of the dissonant/consonant groups die out in a neighbourhood?  

 

An identification of the two durations would inform if policy intervention is needed at all to reduce the 

level of dissonance in a neighbourhood. For example, if dissonants die out in a shorter timespan 

compared with their birth, a neighbourhood would eventually be free of dissonants. Similarly, if certain 

groups of dissonants are less likely to die out compared with other groups, policy interventions can be 

targeted and tailored to these groups. 

2. The processes of nullifying the discomfort from residential dissonance 

A recent review article by De Vos and Singleton (2020) identifies that the literature on residential 

dissonance focuses on six key themes: a) an identification of the extent of residential dissonance in a 

neighbourhood; b) an assessment of the effects of residential dissonance on residential satisfaction; c) 

an evaluation of the impacts of residential dissonance on travel satisfaction; d) modelling the effects of 

residential dissonance on travel behaviour; e) effects of residential dissonance on residential mobility; 

and f) examination of the changes in preferences towards chosen neighbourhoods to reduce residential 

dissonance. In addition, our review shows that a few studies attempted to characterise residential 

dissonants based on their socio-demographic features. The findings from these studies provide 

important bases for addressing residential dissonance in order for sustainable urban and transport 

policies to be effective. 

 

Available evidence shows that a large share of residents within a neighbourhood are dissonants, ranges 

between 23% and 60% in different types of neighbourhoods (Cao, 2015; Cho and Rodríguez, 2014; De 

Vos et al., 2012; Kamruzzaman et al., 2016a; Sanders et al., 2015; Schwanen and Mokhtarian, 2004). 

These mismatched residents possess a lower level of residential satisfaction (Cao and Wang, 2016), 

which leads to a reduced level of life satisfaction and psychological well-being (Fernández-Portero et 

al., 2017). Residential dissonance also reduces travel satisfaction for urban dwellers because their travel 

preferences (e.g. car use) are restricted by land use patterns (e.g. lack of parking) (De Vos et al., 2016). 

These dissatisfied residents try to minimise their discomfort (dissonance level) by altering attitudes, 

beliefs or behaviour as highlighted by Festinger (1957). As a result, the travel behaviour of dissonants 

has been identified to differ significantly from consonants (De Vos et al., 2012; Huang et al., 2016; 

Kajosaari et al., 2019; Schwanen and Mokhtarian, 2005a, b; Wolday et al., 2018). For example, despite 

living in the same transit rich area, consonants used more transit (104% and 114% for commuting and 

non-commuting activities respectively) than dissonants in the Oslo Metropolitan Area (Wolday et al., 

2018). A one unit increase in dissonance level reduces an individual’s propensity of switching to public 

transport by 50% in transit rich neighbourhoods (Kamruzzaman et al., 2013a). 
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The above findings are concerning for the promotion of sustainable travel behaviour, particularly 

because dissonants exist among all socio-economic groups and cannot be readily identified for policy 

interventions (Kamruzzaman et al., 2016a; Schwanen and Mokhtarian, 2004). As a way forward, 

Schwanen and Mokhtarian (2005b) suggest that residential dissonance could be reduced in two ways: 

a) dissonants relocate to their desired suburb to reduce their discomfort; and/or b) they change their 

preferences to adjust with existing land use patterns. Nevertheless, empirical findings supporting these 

hypotheses remain inconclusive. In terms of residential mobility behaviour, Kamruzzaman et al. 

(2013b) found that the share of residential relocation are nearly equal for dissonant and consonant 

groups from a neighbourhood. In addition, studies found that the travel behavioural adjustment of 

dissonants is very slow (Kamruzzaman et al., 2015; Kamruzzaman et al., 2013a). This finding works in 

the opposite direction of the hypotheses because travel behaviour often reinforces attitudinal response 

(Bagley and Mokhtarian, 2002; Reibstein et al., 1980; Tardiff, 1977). This means that a dissonant who 

inherently drive more in an urban environment is likely to continue developing pro-driving attitudes 

due to their driving.  

 

The attitudinal adjustment to residential land uses is referred to as the ‘reverse causality’ hypothesis in 

the literature (Kroesen, 2019; van de Coevering et al., 2016; van Wee et al., 2019). The causality 

hypothesis is centred on the residential self-selection effect, which postulates that individuals with 

certain travel attitudes (e.g. pro-public transport) deliberately choose residential neighbourhoods with 

certain land use patterns (e.g. close to train station) that enables them to realise their travel attitudes 

(Guan et al., 2020; Handy and Clifton, 2001). This means that the effects of the built environment on 

travel behaviour can partly be credited to the residential self-selection effects (Mokhtarian and Cao, 

2008). The reverse causality hypothesis, on the other hand, posits that the land use patterns of a 

residential neighbourhood (or travel behaviour) shape the travel attitudes of an individual (Bohte, 2010). 

If this hypothesis is to be true, it implies that a residential dissonant of an urban environment eventually 

becomes consonant over time.  

 

Unlike the self-selection literature, studies on the reverse causality hypothesis is relatively scarce. In a 

cross-sectional study, Bagley and Mokhtarian (2002) found no impact of residential location on 

attitudes in the San Francisco Bay Area – i.e. attitudes did not change due to residential location. In 

contrast, Bohte (2010) found the evidence of reverse causality in the Netherlands. This study found that 

an increasing travel distance to a railway station negatively affected respondents’ attitudes towards 

public transport. In another cross-sectional study, Lin et al. (2017) observed bi-directional relationships 

between the built environment and travel attitudes in Beijing, and the direction depends on the ability 

of the respondents to self-select residential location. These studies, however, failed to capture dynamic 

changes in attitudes due to cross-sectional nature of the data. Bagley and Mokhtarian (2002, p.294) 

highlighted that these can “best be identified with a longitudinal data set that measures attitudes, 

lifestyle, demographics, and travel behavior for a panel of households”.  

 

In a quasi-longitudinal study, De Vos et al. (2018) did not find a significant effect of residential 

neighbourhood on travel attitudes following residential mobility when the relocation involved little 

changes in the built environment (e.g. suburban to suburban, and urban to urban). However, the study 

found some evidence of attitudinal changes when a residential relocation was associated with a large 

change in the built environment (e.g. from suburban to urban or vice-versa). In another residential 

relocation study, Wang and Lin (2019) found inconsistent relationship between pre-move and post-

move attitudes and concludes that individuals’ travel preferences are susceptible to change. However, 

none of these studies have specifically investigated attitudinal adjustment of dissonants, and as a result, 

which of the different groups experienced an attitudinal change is unclear. In addition, the findings from 

these studies suggest that built environment interventions might have an effect on attitudes – not an 

existing built environment.  

 

Our review of the literature finds two longitudinal studies that support the hypothesis that existing land 

use patterns of a neighbourhood can affect travel attitudes over time (Kroesen, 2019; van de Coevering 

et al., 2016). Kroesen (2019), using the Dutch mobility panel data, found that the built environment 
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(distance to train station) and travel behaviour (train use and car ownership) in 2014 influenced the 

possibility for a person to remain in the same attitudinal class between 2014 and 2016. The study, 

therefore, questions the use of attitudinal data as an exogenous variable to address the residential self-

selection bias in determining the effects of the built environment on travel behaviour. In contrast, van 

de Coevering et al. (2016), using a different dataset from the Netherlands, found that people who lived 

away from a train station in 2005 developed pro-car attitudes in 2012. Again, none of these studies 

measured attitudinal changes specifically for dissonant groups. However, in a later study, van de 

Coevering et al. (2018), using a transition matrix, showed that such changes occurred for a fraction of 

residents and that there is the highest possibility (86-100%) for different groups to remain in the same 

class over time, which corroborates the findings as reported in Kroesen (2019). Moreover, the study 

found that dissonants are unlikely to switch to consonants classes. 

 

The above review of attitudinal adjustment process suggests that residents in general may or may not 

experience an attitudinal change. However, studies examining attitudinal adjustment process of 

dissonants are rare, and no such evidence is reported in the literature. More importantly, the questions 

that the literature yet to answers fully for attitudinal adjustment of residents are, “how many people, 

which kinds, how much, and how long does it take” (Bagley and Mokhtarian, 2002, p.294)? This study 

partially addresses this gap by examining the duration of attitudinal adjustment processes of dissonants 

and consonants. 

3. Data and methods 

3.1 Study context 
This study investigates the three research questions in the context of TOD neighbourhoods. TODs are 

characterised by moderate to high population density, mix of land uses, well design road networks (e.g. 

connected), and centred on transit stations. TODs are chosen to study for two reasons: a) prior research 

has shown that a large share of TOD residents are dissonants (30%), which would enable investigation 

of whether dissonants in TODs disappear naturally (Kamruzzaman et al., 2016a); and b) TODs involve 

huge financial investments aimed at creating settings to prompt individuals to choose public and active 

transport services (Cervero et al., 2004); and contrasting to this aim, TOD dissonants are more likely to 

use private motor vehicles and less likely to use public transport compared with TOD consonants (Cao, 

2015; Kamruzzaman et al., 2015; Phani Kumar et al., 2018). As a result, an evidence of survival duration 

for dissonants could inform whether policy interventions are needed or not to reduce the level of 

dissonance, and thereby, to bring greater certainty in TOD investments. TOD neighbourhoods are 

chosen from Brisbane, Australia as case studies due to TOD focused planning policies in this context 

(Queensland Government, 2009, 2010; Searle et al., 2014; Tanko et al., 2018; Yang and Pojani, 2017). 

3.2 Sample and data 
The research questions were investigated using the HABITAT (How Areas in Brisbane Influence 

Health and Activity) panel survey data from Brisbane. The survey applied a two-stage probability 

sampling method. First, the survey randomly selected 200 neighbourhoods (defined as census collection 

districts - CCDs) from Brisbane (Figure 1). A CCD contained, on average, 203 occupied private 

dwellings, and was the smallest administrative unit used by the Australian Bureau of Statistics when 

the sampling strategies were designed for the HABITAT survey. Second, adults, aged 40 to 65, from 

these neighbourhoods were randomly selected (Burton et al., 2009). The survey was administered in 

five phases, starting in 2007, and followed-up in 2009, 2011, 2013 and 2016. Data were collected from 

11,035, 7,866, 6,900, 6,520, and 5,187 adults respectively. The initial respondents were refined for this 

study based on two criteria. First, individuals who relocated to their neighbourhoods prior to 2005 (i.e. 

more than two years ago from the baseline in 2007) were excluded. This exclusion ensured the selection 

of an unbiased analytical sample who developed residential dissonance due to an immediate experience 

of land use patterns of a neighbourhood – i.e. neither due to reverse causality as discussed earlier (i.e. 

attitudinal changes due to land use pattern over time) nor due to a longer stay in that neighbourhood. 

Schwanen and Mokhtarian (2004) found a positive relationship between the length of stay and 

dissonance level in urban neighbourhoods. Second, given the focus of this study, only those individuals 
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were retained whose residential neighbourhoods were classified as TODs. These exclusions led to 98 

participants at baseline (Figure 1). The characteristics of the participants in 2007 are shown in Table 1. 

  

 

Figure 1: Distribution of HABITAT survey participants and analytical samples across Brisbane 
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Table 1: Sample description in 2007 

Variables Frequency % Mean Standard deviation 

Gender     

Male 37 37.8   

Female 61 62.2   

Age   51.0 7.1 

Education     

Up to year 12 35 35.7   

Certificate/diploma 27 27.6   

Bachelor or higher degree 36 36.7   

Vehicle availability*     

Yes, always 83 84.7   

Other (e.g. sometimes/do not drive/not available) 15 15.3   

Employment status*     

Full-time employed 51 52.0   

Part-time employed 18 18.4   

Other (unemployed/retired) 29 29.6   

Country of birth     

Other 28 37.8   

Australia 61 62.2   

Self-reported health status (1-Poor to 5-Excellent)*    3.39 1.1 

N 98    

* These covariates vary over time 

3.3 Methods 
Figure 2 outlines the methodological steps applied in this study to identify the survival duration of 

residential dissonants/consonants in TODs. These steps are discussed in detail in the following sub-

sections. Briefly, the survey respondents were classified into TOD and non-TOD residents based on 

the built environment characteristics of their home location in 2007. The TOD residents were then 

classified into TOD consonants and TOD dissonants groups using their residential location choice 

data. The consonants and dissonants status of the respective groups were monitored in subsequent 

survey periods. A median survival duration was then calculated for each group.  
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Figure 2: Schematic diagram of the methodology to identify survival duration of dissonants/consonants 
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3.3.1 Identifying TOD residents in 2007 
A two-step process was followed to identify respondents whose living environments meet the 

characteristics of a TOD neighbourhood. First, an 800m network buffer was derived from all train 

stations in Brisbane and respondents whose home locations were located within the buffer were retained 

in the analytical sample (Figure 1). This procedure ensured that the selected residents had access to 

proximate public transport services. Second, three built environment factors (land use mix, net dwelling 

density, and intersection density) were derived for the selected respondents based on a 1000m network 

buffer centred on their home locations. These variables represent the 3Ds of a TOD neighbourhood 

(diversity, density, and design) (Cervero and Kockelman, 1997).  

 

A two-step cluster analysis was conducted using these 3D factors, which resulted in a three-cluster 

solution (Figure 3). The main reasons for choosing the two-step cluster analysis method over other 

methods (e.g. K-means, are: its ability to automatically find the optimal number of clusters (the method 

does not require to pre-select cluster number manually); it combines BIC (Bayesian Information 

Criterion) and distance change criteria to select the optimum number of cluster, unlike other methods 

that use only a single criterion; the method can successfully handles both scale and categorical variables 

together, and is even more effective for scale variables (Kayri, 2007; Wendler, 2016).  

 

The three clusters are distinguishable, among them Cluster 3 clearly represents the characteristics of a 

TOD in this context, as shown in the Description in Figure 3 (Queensland Government, 2009). The 

local policy also recognises that TODs are not ‘one size fits all’ and proposes various specification of 

TODs in terms of variations in density, diversity, and design (Queensland Government, 2010). From 

the perspective of these variations, the neighbourhoods that belong to Cluster 2 can also be considered 

as TODs. These two clusters contained 99 respondents; however, one respondent was excluded due to 

missing data on the factors affecting their residential location choice as discussed below in Section 

3.3.2. 

3.3.2 Identifying TOD dissonants/consonants in 2007 
The 2007 survey asked respondents to specify which factors motivated them in selecting the current 

suburb of residence. They answered 17 statements on a 5-point Likert scale (1-strongly disagree – 5-

strongly agree) (Appendix 1). Three of the 17 statements were used to identify if the 98 TOD residents 

moved to their chosen neighbourhoods due to TOD features. The three statements are: ease of walking 

to places, closeness to public transport, and wanted to live close to shops. It is likely that an individual 

who prefers to live in a TOD would rate highly all these features, while other statements do not 

unambiguously relate to living preferences for a TOD. The scores of the three items were used to 

classify respondents into two groups using the two-step cluster analysis method (Appendix 2). The 

cluster analysis clearly distinguishes the residential preferences of those 98 TOD residents. The average 

scores of Cluster 1 showed that these respondents chose TODs for their TOD-ness – these 53 

respondents were referred to as TOD consonants. In contrast, 45 respondents in Cluster 2 did not rank 

these three factors highly, meaning that they chose the TOD neighbourhoods as a place to live for other 

reasons – this group of residents were defined as TOD dissonants. It should be noted here that, 

theoretically, there might be differences between reasons for choosing a neighbourhood and preference 

for living in a neighbourhood, however, our prior study shows that empirically these two theoretical 

constructs are highly correlated (anonymised).  
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Figure 3: Cluster analysis of the three built environment factors to identify TOD neighbourhoods in Brisbane 

3.3.3 Approach: survival analysis 
This study’s research questions required time-to-event data to be analysed – i.e. whether an event 

occurred and if so, how long (duration) it took to occur. This type of question calls for the application 

of survival analysis (Kepper et al., 2014). This method deals with censored cases appropriately 

compared with traditional methods – i.e. where time-to-event is unknown for a portion of the total 

sample because either they did not experience an event over the observation periods or they have left 

the study, and as a result, their complete event history data are not available (Masyn, 2014). Figure 4 

schematically outlines the procedures applied to define an event, censoring, and time-to-event in this 

study. These are further discussed below. 
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For dissonants in 2007 

 

 

 
For consonants in 2007 

Figure 4: Schematic timeline diagram of event history documentation process 

3.3.3.1 Event 
As described in Section 3.3.2, the study classified the sample into two groups at baseline (2007): TOD 

dissonants and TOD consonants. An event was recorded separately for these two groups (Figure 4). For 

dissonants, an event was defined in two ways: a) if they changed their living preferences and became 

TOD consonants; or b) they moved residences to any other neighbourhoods in Brisbane. For TOD 

consonants, an event was recorded if they changed living preferences and became TOD dissonants but 

did not move. The event was defined differently for dissonants and consonants because dissonants could 

reduce their discomfort in two ways (relocation and changing attitudes) as hypothesized by Schwanen 

and Mokhtarian (2005b), whereas the residential location hypothesis does not apply to residential 

consonants. If a consonant relocates, this is not due to their discomfort with existing land use patterns 

– otherwise they would not be defined as consonants. 

 

Respondents’ living preferences in the follow-up survey waves were captured in a 7-item1 question 

measured on a 5-point Likert scale (1-strongly disagree – 5-strongly agree) (Table 2). These items 

represent travel attitudes and preferences of the TOD respondents2. Given that public transport is a key 

                                                           
1 There are more items in the surveys, but these 7 items were found to be consistent across the periods 
2 Note that travel attitudes and preferences were used as surrogate measure of residential preferences. The statements 

capturing residential location choice data were collected only in 2007. On the other hand, travel attitudes and preference data 

were not collected in 2007.  
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mode in facilitating travel in TOD areas, it was hypothesised that residents would maintain a positive 

attitude to public transport if they remained TOD consonants. The dimensionality of data captured in 

the seven items were reduced through a factor analysis which resulted in a two-factor solution in all 

follow-up survey waves. The generated two factors are respectively interpreted as sensitivity to 

environmental externalities (F1) and perception about public transport (F2). The scores of the second 

factor were then used to determine dissonant/consonant status of the respondents. A positive score in 

F2 denotes a resident as a dissonant whereas a negative score defines a participant as a consonant. The 

dissonant/consonant status in the follow-ups were compared against the baseline status to identify if 

there was an event. The HABITAT survey also collected respondents’ residential mobility data in each 

of the follow-up waves, which was used to identify if there was an event caused by residential mobility.   

Table 2: Factor analysis results showing the pattern matrix of a 7-item question on travel attitudes and perception 

Items 2009 

 

2011 

 

2013 

 

2016 

 

 F1 F2 F1 F2 F1 F2 F1 F2 

People need to walk and cycle more to reduce global warming .945 .142 .800 -.092 .872 .071 .833 .143 

People need to walk and cycle more to improve the environment .910 .003 .958 -.118 .570 .020 .907 -.059 

People need to walk and cycle more to reduce traffic congestion .420 -.221 .588 .124 .779 -.079 .970 -.076 

Travelling by public transport is not very pleasant .023 .823 -.092 .730 -.077 .735 -.194 .576 

Public transport is expensive .095 .629 -.024 .333 -.056 .371 - - 

Public transport is inconvenient and unreliable -.031 .602 -.078 .806 .207 .630 .085 .843 

Using public transport takes too much time -.075 .416 .182 .565 .045 .580 .119 .691 

% of variance explained 31.1 19.6 29.4 22.2 28.5 17.2 41.9 25.8 

Note: F1 - Sensitivity to environmental externalities, F2 – Perception about PT, - Excluded due to complex structure 

Extraction method: Principal Axis Factoring, Rotation Method: Oblimin with Kaiser Normalistion 

Software: SPSS  

3.3.3.2 Censoring 
Censoring refers to the treatment of respondents who did not experience an event. It was found that 

some respondents did not experience the events at all over the survey periods. They were censored in 

this study. In addition, as shown in Figure 4, a consonant is denoted as censored if any of the following 

conditions were met: a) remained consonant in the follow-ups but moved home within Brisbane; b) 

moved home outside of Brisbane; and c) discontinued participation in the survey. Likewise, a dissonant 

was recorded as censored if any of the following conditions were met: a) moved home outside of 

Brisbane, and therefore, it is unknown if the mobility was due to dissonance or other external factors 

(e.g. job); and b) discontinued participation in the survey.  

3.3.3.3 Time-to-event 
Previous studies have crudely classified time scales for events as either continuous or discrete (Masyn, 

2014). Studies adopting a continuous time scale have precise information of the time of an event (e.g. 

death of a patient) or even if the time is measured in discrete intervals, they are sufficiently granular. A 

discrete scale is used in one of two situations: a) an event occurred at any point in time but the duration 

is recorded in interval (e.g. drop out from school may happen in any day but recorded only annually); 

and b) an event is recorded in discrete point in time (e.g. retention rate is measured at the end of a term). 

Given that the data were collected in different intervals in this study, the time-to-event data was recorded 

in discrete intervals in this study. The duration to an event was thus set as 0 years, 2 years, 4 years, 6 

years, and 9 years respectively for the baseline (2007) and follow-up surveys in 2009, 2011, 2013, and 

2016.  

3.3.3.4 Discrete time survival analysis 
Given that the time-to-event data was measured in discrete intervals in this study, as a result, the discrete 

time survival analysis method was applied to investigate the answers for the first two research questions 
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– i.e. to identify the survival duration of dissonants/consonants in TODs. Previously several studies in 

transportation have applied a continuous time survival analysis method (Anastasopoulos et al., 2012; 

Bergman et al., 2018; Grechi and Maggi, 2018; Louie et al., 2017; Rahimi et al., 2019; Zheng et al., 

2019).  However, an application of discrete time survival analysis method has rarely been reported in 

the transportation/planning literature. This study therefore applied the two most commonly applied 

techniques to analyse discrete time survival data – the hazard and survival probabilities (Tekle and 

Vermunt, 2012).  

The hazard probability is a conditional probability, which is estimated for each time interval separately. 

It estimates the probability, for example, that a consonant will become dissonants (an event) in a certain 

time interval, given that the consonant did not experience it in a previous interval, and is denoted by: 

ℎ̂(𝑡𝑗) =  
𝑑𝑗

𝑛𝑗
          (1) 

where, ℎ̂(𝑡𝑗) is the estimated hazard probability during interval 𝑡𝑗, 𝑑𝑗 is the number of observed events 

during the time interval 𝑡𝑗, and 𝑛𝑗 is the number of individuals that are at risk during 𝑡𝑗.  

The survivor function estimates probability of survival for any person selected randomly (i.e. the person 

has not experienced an event) past a certain interval. In contrast to the hazard probabilities, which are 

estimated for each interval separately, the survivor function calculates cumulative probability of 

survival for all preceding intervals. For example, the survival probability after the 1st interval is equal 

to the product of survival probabilities of the 0th and 1st intervals. Mathematically, the survival 

probability during the first interval is complementary to the hazard probability during the first interval. 

Therefore, the estimated survival probability after the time period 𝑡𝑗 is given by: 

𝑠̂(𝑡𝑗) =  𝑠̂(𝑡𝑗−1)[1 − ℎ̂(𝑡𝑗)]        (2) 

where, 𝑠̂(𝑡𝑗) is the estimated survival probability after the time period 𝑡𝑗, 𝑠̂(𝑡𝑗−1) is the estimated 

survival probability after the time period 𝑡𝑗−1, and  ℎ̂(𝑡𝑗) is the estimated hazard probability at time 

interval 𝑡𝑗.  

 

This research estimated hazard and survival probabilities for both TOD dissonant and TOD consonant 

groups. In addition, a life table was prepared for both groups that summarises both hazard and survival 

probabilities in descriptive statistics (nonparametric) together with the number of individuals entering/at 

risk as well as experiencing an event at each interval. All these analytical methods were required to 

construct an event history database in which each individual was binary coded with 1 if they 

experienced an event, otherwise censored with a 0 (zero) value. A corresponding time indicator was 

created for each individual representing the time taken to experience the event (or time taken to be 

censored) from time zero. 

 

Table 1 shows that some variables are fixed over time (gender) while others vary. As a result, to answer 

the third research question, the study estimated a discrete time hazard model comprising of both time-

constant and time-varying covariates using binary logistic regression analysis, given by: 

𝑙𝑜𝑔𝑖𝑡 [ℎ𝑥𝑝
(𝑡𝑗)] = 𝛼𝑗𝐷𝑗 + 𝛽1𝑋1 + 𝛽2𝑋2 + ⋯ + 𝛽𝑝𝑋𝑝 + 𝛾1𝑌1𝑗 + 𝛾2𝑌2𝑗 + 𝛾3𝑌3𝑗 + ⋯ + 𝛾𝑞𝑌𝑞𝑗  (3) 

where, ℎ𝑥𝑝
(𝑡𝑗) represents conditional hazard probability at time interval 𝑡𝑗 for an individual; having p 

time-constant explanatory factors 𝑋1, 𝑋2, ……,𝑋𝑝; 𝛽1, 𝛽2,…., 𝛽𝑝 are the parameters to be estimated 

that show the effects of the respective time-constant explanatory factors; and q time-varying covariates 

𝑌1𝑗, 𝑌2𝑗, ……,𝑌𝑞𝑗; 𝛾1, 𝛾2,…., 𝛽𝛾𝑞 are the parameters to be estimated that show the effects of the 

respective time-varying covariates on the logit hazard; 𝐷𝑗 represents dummies of time intervals, 𝛼𝑗 is 

the intercept parameter at time interval 𝑡𝑗.  

 

The odds rations were calculated for the estimated coefficients for an easy interpretation. Thus, a time-

constant covariate (gender) with an odds ratio of 2 for male, for example, can be interpreted as: males 
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are 2 times more likely than female to experience an event (if at risk), controlling for the effect of other 

covariates in the model. This means that the interpretation of time-constant covariates is not attached to 

an interval of the time periods under investigation. In contrast, the interpretation of the effects of time-

varying covariates is attached to specific interval in the time periods. As an example, an odds ratio of 2 

for the dwelling density indicator suggests that, at every interval from 2007 to 2016, the odds of 

experiencing an event are 2 times higher for an individual who experienced a one unit change in 

dwelling density – i.e. the risk of experiencing the event increases only in those time intervals 

concurrent with, or subsequent to, the changes in dwelling density. However, unlike time-constant 

categorical covariates in which the membership of all individuals is fixed for all intervals (e.g. male or 

female), the membership of individuals in a time-varying covariate changes – e.g. from full-time 

employed to part-time employed to unemployed; and therefore, the effects cannot be contrast against a 

reference group for all periods, but be interpreted as interval specific. For example, an odds ratio of 2 

for unemployed individuals indicates that whenever an individual changed their employment status 

from full-time employed (reference group) to unemployed, his/her odds of experiencing an event are 2 

times higher.  

All the factors, as shown in Table 1, were retained in the model irrespective of their significance level. 

Our aim is not to derive a predictive model but to identify dissonant/consonant groups that changed 

their status. In addition, our analysis shows that there were minor changes (some are statistically 

significant) in the built environment over the study periods (Appendix 3). As a result, the three built 

environment factors (dwelling density, intersection density, and land use diversity) were included in the 

models as time-varying covariates. A person-period database was created by reformatting the person 

specific database, in which one record was created for each person separately for each time period until 

they experienced an event or censored. Therefore, the number of records associated with different 

individuals vary depending on the number of time-interval they were under risk. 

4. Results 

4.1 Dynamics of dissonants/consonants in TODs 
Table 3 shows the extent of residential dissonance in TODs over the study periods. The different sample 

sizes in different periods are mainly due to sample attrition. 58 respondents dropped out over the study 

periods. To investigate attrition bias, the research conducted two types of tests. First, a One-way 

ANOVA test result showed that on average the drop-out cases remained in the study for 4.12 years and 

4.56 years respectively for those classified as consonants and dissonants in 2007. The difference is not 

statistically significant (F=0.40, p=0.53). Second, a Wilcoxon (Gehan) test was conducted to compare 

the survival functions of the drop-out cases by dissonant/consonant status. The test result showed that 

the survival functions of these two groups were not statistically different (Statistics of 12.24 with 1 

degrees of freedom at the 0.165 significance level). Based on the tests results, it can be concluded that 

the drop-out samples did not affect the overall study findings. Similar methods were followed in 

previous studies to test the attrition bias in survival analysis (Choi et al., 2012).  

Table 3: Classification of TOD residents in terms of their dissonant/consonant status over the survey periods 

Classification of TOD residents 2007 (%) 2009 (%) 2011 (%) 2013 (%) 2016 (%) 

Consonants 54.1 57.4 45.8 58.0 55.0 

Dissonants 45.9 42.6 54.2 42.0 45.0 

N 98 68 59 50 40 

 

On average, about 46% of the residents in TODs were dissonants in 2007. The level of dissonance 

slightly reduced to 43% in 2009 but increased to a maximum of 54% in 2011. Table 3 outlines that the 

level of dissonants reduced again to 42% in 2013 but slightly increased again to 45% in 2016. These 

changes in the level of dissonance suggest that neighbourhood dissonance is not static. It also indicates 

that there were internal dynamics in a TOD meaning that dissonants might have transitioned to 

consonants and vice-versa, which justifies the need for this research. 
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4.2 Validity of the dissonants/consonants status 
As indicated in Section 2.2.2, this study used a surrogate measure to identify residential dissonants in 

2007 – i.e. neighbourhood preferences were identified based on reasons for choosing a TOD 

neighbourhood. As a result, it was necessary to verify if the TOD residents were correctly classified in 

terms of dissonants and consonants groups. Previous studies found that TOD dissonant group exhibits 

a higher rate of car use and a lower rate of public and active transport use. Therefore, the validation was 

conducted by examining their mode use behaviour. HABITAT participants reported their main mode 

of transport on weekdays (Table 4). Table 4 shows that the use of public transport was about three times 

higher for the TOD consonant group compared with TOD dissonant. Walking was also a dominant 

share (21%) of overall travel for TOD consonant. In contrast, TOD dissonants were twice as likely as 

to use private transport compared with TOD consonants. All these findings echo the previous findings 

on this topic, and therefore, indicate that the classification method as applied in this study has reasonably 

well categorised the TOD residents into dissonant and consonant groups.    

Table 4: Modal share (%) of TOD residents in Brisbane - main mode of transport used in weekdays 

Mode 2007 

 TOD consonant TOD dissonant 

Public transport 30.8 8.9 

Car / motorcycle 42.3 80.0 

Walk 21.2 6.7 

Cycle 3.9 4.4 

Other 1.9 0.0 

4.3 Survival duration for dissonants/consonants in TODs 
Table 5 shows the life table outlining survival duration for TOD dissonants/consonants in Brisbane. For 

the 98 TOD residents, the table shows whether the event of disappearing dissonance/consonance had 

happened (yes or no), and if yes, when it happened. The table outlines the results for TOD dissonant 

and consonant groups separately.  

 

The time interval in the 2nd column of Table 5 is defined with traditionally used square brackets and 

parentheses format – they respectively denote that the initial time is included, and the end time is 

excluded from the interval. The 3rd column shows the number of TOD residents who entered into the 

analysis in each discrete time interval. The 4th column shows the number of residents censored in each 

interval. The 3rd and 4th columns were used to calculate the number of residents who were at risk during 

an interval (number entering minus half of those censored) in the 5th column. This method accounts for 

the effect of censored cases. As Gehan (1969) suggested, if there are no losses or withdrawals, then the 

number of individuals exposed to risk is equal to the number of individual entering the interval. 

However, if individuals are lost or withdrawn in an interval, they are credited with being exposed to the 

risk of an event for one-half the interval. The presumption is that the time of withdrawal/lost is 

uniformly distributed throughout the interval. The 6th column represents the number of TOD residents 

experienced an event (i.e. consonants became dissonants or dissonants became consonants) during the 

interval. The 7th column shows the proportion of residents terminating who were at risk during the 

interval (e.g. 6/40 = 0.15). The proportion surviving (8th column) is calculated by subtracting proportion 

terminating from 1 (e.g. 1 – 0.15 = 0.85). The 9th column in Table 5 represents the cumulative survival 

probability (e.g. 1.0 x 0.85 x 0.68 = 0.58 for the third row in TOD consonant groups). Unlike the 

descriptive hazard rate in the 7th column, the 10th column represents estimated hazard rate, given that 

they survived until the beginning of the respective intervals.  
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Table 5: Life table of TOD dissonant and consonant groups 

1 2 3 4 5 6 7 8 9 10 

TOD 

resident 
type  

Interval 

(years)  

Number 

entering 
interval 

Censored - 

withdrawing 
during interval 

Number 

exposed 
to risk 

Number of 

terminal 
events 

Proportion 

terminating 
(hazard) 

Proportion 

surviving 

Cumulative 

proportion surviving 
at end of interval 

Estimated 

hazard 
rate 

Consonant [0-2) 53 0 53.0 0 .00 1.00 1.00 0.00 

 [2-4) 53 26 40.0 6 .15 .85 .85 0.16 

 [4-6) 21 4 19.0 6 .32 .68 .58 0.38 

 [6-9) 11 4 9.0 1 .11 .89 .52 0.12 

 [9-) 6 5 3.5 1 .29 .71 .37 0.00 

Dissonant [0-2) 45 0 45.0 0 .00 1.00 1.00 0.00 

 [2-4) 45 12 39.0 19 .49 .51 .51 0.64 

 [4-6) 14 3 12.5 5 .40 .60 .31 0.50 

 [6-9) 6 3 4.5 1 .22 .78 .24 0.25 

 [9-) 2 2 1.0 0 .00 1.00 .24 0.00 

 

The estimated hazard rate is shown in Figure 5 over time. It shows that the risk of event occurrence is 

the highest in the 2nd year and 4th year for TOD dissonants and TOD consonants respectively. This 

means that most TOD dissonants became TOD consonants in 2009 – 19 out of 45 as shown in Table 5. 

Although the rate was the highest in the 4th year for TOD consonant, it is yet lower compared with the 

TOD dissonant group in this interval. Table 5 shows that six TOD consonants became TOD dissonants 

out of 21 entered in the interval whereas five TOD dissonants out of 14 entered in the interval became 

TOD consonants. The hazard rate reduced for both groups in the 6th year despite the rate remaining 

higher for TOD dissonant group. These findings suggest that the dissonant group experienced the event 

at a higher rate compared with the TOD consonant groups in all periods.  

 

 

Figure 5: Estimated hazard functions for TOD dissonant and consonant groups 
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. 

Figure 6 visualises cumulative survival probabilities for TOD dissonant and consonant groups over 

time. A hazard curve may rise, decline, or remain stable over time, but the survivor curve never rises. 

The survival function remains steady if there is no event in an interval, it drops sharply or slowly 

depending on the hazard rate of an interval. Figure 6 shows that only 51% of the TOD dissonants 

survived after the 2nd year whereas the survival rate for TOD consonant was 85% after the 2nd year. The 

survival rate declined for both groups in the successive intervals despite the gaps between the groups 

remained in all intervals.  

 

A visual examination of Figure 6 shows that TOD dissonants have the lower survival curve compared 

with TOD consonant. To confirm this finding, the Wilcoxon test was conducted, which compares the 

survival functions between TOD consonants and TOD dissonants. The test results returned with a 

Wilcoxon (Gehan) Statistics of 12.24 with 1 degrees of freedom at the 0.001 significance level. These 

statistics confirmed that the survival functions are significantly different between the two groups. To 

further assist in understanding, the median survival time was calculated for both groups – i.e. estimated 

time duration for the survival of 50% of the sample without the event. The results show that the median 

survival times for TOD dissonant and TOD consonant groups (i.e., the time taken to switch from 

dissonant to a consonant and vice versa) were 4.06 years and 9.0 years respectively.  

 

 

Figure 6: Cumulative survival probabilities for TOD dissonant and consonant groups 
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Three covariates were found to be statistically significant in Model 1 (education, country of birth, and 

intersection density) using a more liberal approach (at the 0.1 level). Among these factors, two are time-

constant (education and country of birth) and intersection density is a time-varying covariate. The odds 

ratios for the two education categories (certificate/diploma, and bachelor or higher degree) were found 

to be 0.08 and 0.02 respectively in Model 1, which mean that the odds for these two groups to become 

TOD dissonants were about 12.5 and 50 times lower to that for TOD consonant with relatively low 

educational status (up to year 12). In contrast, the odds of becoming a TOD dissonant was five and half 

times higher for those TOD consonants who were born in other countries compared with TOD 

consonants born in Australia. When the intersection density increased by one unit, the odds of residents 

to transition to TOD dissonants reduced by 3%. 

 

Unlike Model 1, the overall model was not found to be statistically significant for Model 2 estimating 

the likelihood for a TOD dissonant to become a TOD consonant. In other words, none of the covariates 

were found to have a statistically significant correlation with the occurrence of an event (TOD 

dissonants becoming TOD consonant) in Model 2. Despite a higher rate of event occurrence and a lower 

median survival duration for the TOD dissonants, the statistical insignificance of the factors in Model 

2 suggest that all groups experienced the event equally. 

Table 6: Discrete time to event model showing the factors associated with the time-to-event for TOD dissonant and 

consonant groups 

Covariates 
Model 1: TOD consonants 

 

Model 2: TOD dissonants 

 
 B Sig. Odds ratio B Sig. Odds ratio 

Interval: [2-4) 4.63 0.46 102.24 -0.18 0.97 0.83 

Interval: [4-6) 7.11 0.26 1219.22 -038 0.93 0.68 

Interval: [6-9) 4.36 0.45 77.83 -0.85 0.84 0.43 

Interval: [9-) 6.08 0.34 437.71 -20.17 0.99 0.01 

Gender: Male (ref: Female) 1.72 0.19 5.60 -0.42 0.58 0.66 

Age -0.02 0.79 0.98 0.02 0.67 1.02 

Education (ref: Up to year 12)       

Certificate/diploma -2.53 0.09 0.08 0.98 0.22 2.68 

Bachelor or higher degree -3.80 0.02 0.02 0.98 0.28 2.67 

Vehicle availability: Yes, always (ref: Other) 2.34 0.12 10.42 -1.51 0.38 0.22 

Employment status (ref: Full-time employed)       

Part-time employed -1.60 0.19 0.20 0.39 0.66 1.48 

Other (unemployed/retired) -1.11 0.34 0.33 0.07 0.94 1.07 

Country of birth: Other (ref: Australia) 1.70 0.09 5.48 0.10 0.90 1.10 

Self-reported health status (1-Poor to 5-Excellent)  0.05 0.93 1.05 0.01 0.97 1.01 

Residential density (dwellings/Ha) 0.02 0.30 1.02 0.02 0.57 1.02 

Intersection density (number/Ha) -0.03 0.08 0.97 -0.01 0.72 0.99 

Land use mix (Entropy Index) -7.79 0.12 0.01 -0.73 0.85 0.48 

       

-2 Log likelihood 50.14   79.92   

Nagelkerke R Square 0.76   0.23   

Omnibus Tests of Model Coefficients (Chi2) 76.01 0.01  12.96 0.68  

N 91   67   
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5. Discussion and conclusion 
To our knowledge, this is the first study that has conducted a survival analysis to examine the residential 

dissonance reduction processes in TODs. Residential dissonance is a threat to TOD policy because 

dissonant are more likely to drive a private motor vehicle rather than take advantage of the availability 

of proximate public transport. Despite a hypothetical understanding that dissonance might reduce 

naturally after experiencing the convenience of living in a TOD, empirical validation of this hypothesis 

has been lacking. 

 

This study tracked the beginning and end of residential dissonance using five waves of panel data over 

nine years from Brisbane and verifies that residential dissonance is a dynamic process. In other words, 

existing dissonants will die out after living sometime in a TOD, but new dissonants are formed from 

those previously labelled as consonant. However, the critical finding is that TOD dissonants (comprised 

of 46% of all TOD residents) become TOD consonants faster than the formation of new dissonants.  

Hence, over time TODs will eventually become dissonant free:  50% of the TOD dissonants became 

TOD consonants in 4 years; in contrast, 50% of the existing TOD consonants became TOD dissonants 

over 9 years. A further analysis shows that 28% of the transitions from dissonants to consonants 

occurred due to residential mobility of the dissonants. It is expected that most of these vacancies will 

be self-selected by TOD consonants, given that there are more dissonants live in non-TOD areas 

compared with TOD areas in the context of a city (Kamruzzaman et al., 2016a). However, TODs are 

costlier to rent/own a house than that of in non-TOD areas (Noland et al., 2014), which may create a 

perceived barrier for the self-selection process to occur. Advocacy and wider dissemination of research 

findings are necessary to break this perceived barrier because studies found that TODs are more 

affordable than non-TODs because the lower cost of transportation offsets housing costs (Renne et al., 

2016). 

 

A faster rate of reduction of TOD dissonance is critical because groups that are likely to remain as 

dissonants in a TOD cannot be identified to speed up the dissonance reduction process. A shorter 

survival duration for TOD dissonants means that policy makers and practitioners do not need to worry 

about their dissolution. Nevertheless, dissonance levels could be reduced even faster by improving the 

quality (e.g., comfort, frequency) of public transport and infrastructure for active travel, intervening to 

change attitudes towards public transport, cycling and walking (e.g. temporary free public transport 

pass) (Abou-Zeid and Ben-Akiva, 2012; Fujii and Kitamura, 2003). In contrast, the study found that 

certain groups of TOD consonants (e.g. low educational status, people who born overseas) are likely to 

become TOD dissonants, and as a result, specific policy measures can be targeted at these groups to 

stop becoming a dissonant such as identifying their preferences in terms of land use patterns in TODs, 

providing concessionary public transport tickets, monetary incentive/rent relief to bear the high cost of 

owning/renting houses in TODs (Kamruzzaman et al., 2016a). The study findings also indicate the 

probable intervention periods for this group. Given that the riskiest period for a TOD consonant to 

become a dissonant is between 4 and 6 years, therefore, any intervention should be designed within the 

first 4 years of their living in a TOD. 

  

Although the overall rate of transition was higher for dissonants (56% - 25 out of 45) compared with 

consonants (26% - 14 out of 53) over the nine years of study period, the study did not find any specific 

groups that are more likely to make a transition from dissonants to consonants. This means that the rate 

of transition is equal for all groups, and cannot be readily identified for policy interventions – e.g. to 

make the transition quicker for those who are likely to make a transition or to influence for making a 

transition who are less likely to make a transition. This finding is complementary to previous findings 

on this topic that dissonants are mixed-up with all socio-demographic groups and cannot be readily 

identified (Kamruzzaman et al., 2016a; Schwanen and Mokhtarian, 2004). 

 

The findings from this study verify the ‘reverse causality’ hypothesis in two ways. First, about half of 

the TOD dissonants, who possessed an anti-TOD attitudes, developed a pro-TOD attitudes in just four 

years (except those who relocated to other neighbourhoods), irrespective of their socio-demographic 

status (age, gender) or irrespective of changes in their economic condition (e.g. employment, car-

availability). This means that the built environment in TODs had an autonomous effect, building 
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positive attitudes towards it. This finding is in line with findings reported in previous studies (Bohte, 

2010; van de Coevering et al., 2016), but contradicts with findings reported in van de Coevering et al. 

(2018) that dissonants are unlikely to switch to consonants classes. Second and more importantly, a 

causal effect of the built environment on attitudes was evident in case of consonants. The periods that 

witnessed an intervention in the built environment (more connected street networks) reduced the rate 

of transition from consonants to dissonants. The finding corroborates with the findings as reported in 

De Vos et al. (2018) that a large change in the built environment is likely to change attitudes. However, 

some findings from this study work in opposite direction of the ‘reverse causality’ hypothesis. For 

example, a few respondents developed an anti-TOD attitudes despite living in TODs. A possible reason 

for such a transition could be that the built environment features of TODs (or the opportunities provided 

within these) were not enough to maintain the pro-TOD attitudes for some residents. Another possible 

explanation could be due to a change in the socio-economic conditions of the respondents that were not 

captured here (e.g. birth of a child, loss of a partner). An identification of these missing elements and 

including these in the TOD design principles would enhance the sustainability of TODs.  

 

The study demonstrates an application of discrete time survival analysis technique in the context of 

TOD research. The application of this technique is relatively scarce in the transport planning literature, 

and therefore, the study has paved the way for other researchers to apply a similar technique in the field. 

However, the biggest challenge is the availability of panel datasets in transportation research (Bhat and 

Guo, 2007; Dargay, 2007; Kamruzzaman et al., 2016b). The HABITAT dataset as used in this study 

was originally collected to monitor health outcome of older adults over 40 years. As a result, the data 

suffers from a lack of representation of all age groups and a limited sample size for this study. In 

addition, given that the survey was not designed specifically for the analysis of residential dissonance, 

as a result, the study had to choose surrogate measures to identify residential preference indicator of 

TOD residents. These indicators again were not consistently applied over the study periods (e.g. the use 

of residential location choice statements in 2007 and travel attitudes in the subsequent periods), which 

might have an impact on the findings presented here. Due to the limitation in sample size, the study 

applied a conservative approach in determining its research question. Further questions that remain 

unanswered are: why a particular group experienced an event sooner compared with their counterparts 

and why a particular group never experienced an event? These could be answered by interacting time-

interval with the covariates if the data were available to extract a larger sample size. Future studies 

should seek to find answers to these questions. 

6. Acknowledgement 
The HABITAT study has been funded by three Australian National Health and Medical Research 

Council (NHMRC) Project Grants [#339718, #497236, #1047453]. Author [anonymised] is supported 

by an ARC Discovery [DP200100952] and an NHMRC-UKRI [APP1192788] research grants. Author 

[anonymised] is supported by an NHMRC Senior Principal Research Fellowship GNT1107672. The 

authors would like to thank Prof. Kevin O’Connor (Associate Editor of the journal) and the two 

anonymous reviewers for their thoughtful comments and suggestion, which contributed to improve the 

quality of this paper. 

7. References 
Abou-Zeid, M., Ben-Akiva, M., 2012. Travel mode switching: Comparison of findings from two 

public transportation experiments. Transport Policy 24, 48-59. 

Anastasopoulos, P.C., Islam, M.B., Perperidou, D., Karlaftis, M.G., 2012. Hazard-based analysis of 

travel distance in urban environments: Longitudinal data approach. Journal of Urban Planning 

and Development 138, 53-61. 

Bagley, M.N., Mokhtarian, P.L., 2002. The impact of residential neighborhood type on travel 

behavior: A structural equations modeling approach. Annals of Regional Science 36, 279-297. 

Bergman, B.P., Mackay, D.F., Pell, J.P., 2018. Road traffic accidents in Scottish military veterans. 

Accid. Anal. Prev. 113, 287-291. 



20 
 

Bhat, C., Guo, J., 2007. A comprehensive analysis of built environment characteristics on household 

residential choice and auto ownership levels. Transportation Research Part B: Methodological 

41, 506–526. 

Bohte, W., 2010. Residential self-selection and travel the relationship between travel-related attitudes, 

built environment characteristics and travel behaviour, In: Press, I.O.S. (Ed.). Thesis (Ph. D.)--

Technische Universiteit Delft, 2010., Amsterdam. 

Burton, N.W., Haynes, M., Wilson, L.-A.M., Giles-Corti, B., Oldenburg, B.F., Brown, W.J., Giskes, 

K., Turrell, G., 2009. HABITAT: A longitudinal multilevel study of physical activity change in 

mid-aged adults. BMC Public Health 9, 76. 

Cao, X., 2015. Heterogeneous effects of neighborhood type on commute mode choice: An exploration 

of residential dissonance in the Twin Cities. Journal of Transport Geography 48, 188-196. 

Cao, X., Wang, D., 2016. Environmental correlates of residential satisfaction: An exploration of 

mismatched neighborhood characteristics in the Twin Cities. Landscape and Urban Planning 

150, 26-35. 

Cervero, R., Kockelman, K., 1997. Travel demand and the 3Ds: density, diversity, and design. 

Transportation Research Part D: Transport and Environment 2, 199–219. 

Cervero, R., Murphy, S., Ferrell, C., Goguts, N., Tsai, Y.-H., Arrington, G.B., Boroski, J., Smith-

Heimer, J., Golem, R., Peninger, P., Nakajima, E., Chui, E., Dunphy, R., Myers, M., Mckay, S., 

Witenstein, N., 2004. Transit-Oriented Development in the United States: Experiences, 

Challenges, and Prospects. Transportation Research Board, TCRP Report 102. 

Cho, G.-H., Rodríguez, D.A., 2014. The influence of residential dissonance on physical activity and 

walking: evidence from the Montgomery County, MD, and Twin Cities, MN, areas. Journal of 

Transport Geography 41, 259-267. 

Choi, J., Kuo, C.-W., Sikorskii, A., You, M., Ren, D., Sherwood, P., Given, C., Given, B., 2012. 

Cognitive behavioral symptom management intervention in patients with cancer: survival 

analysis. Supportive Care in Cancer 20, 1243-1250. 

Dargay, J., 2007. The effect of prices and income on car travel in the UK. Transportation Research 

Part A: Policy and Practice 41, 949-960. 

De Vos, J., 2018. Do people travel with their preferred travel mode? Analysing the extent of travel 

mode dissonance and its effect on travel satisfaction. Transportation Research Part A: Policy 

and Practice 117, 261-274. 

De Vos, J., Derudder, B., Van Acker, V., Witlox, F., 2012. Reducing car use: changing attitudes or 

relocating? The influence of residential dissonance on travel behavior. Journal of Transport 

Geography 22, 1-9. 

De Vos, J., Ettema, D., Witlox, F., 2018. Changing travel behaviour and attitudes following a 

residential relocation. Journal of Transport Geography 73, 131-147. 

De Vos, J., Mokhtarian, P.L., Schwanen, T., Van Acker, V., Witlox, F., 2016. Travel mode choice and 

travel satisfaction: bridging the gap between decision utility and experienced utility. 

Transportation 43, 771-796. 

De Vos, J., Singleton, P.A., 2020. Travel and cognitive dissonance. Transportation Research Part A: 

Policy and Practice 138, 525-536. 

Fernández-Portero, C., Alarcón, D., Barrios Padura, Á., 2017. Dwelling conditions and life 

satisfaction of older people through residential satisfaction. Journal of Environmental 

Psychology 49, 1-7. 

Festinger, L., 1957. A Theory of Cognitive Dissonance. Stanford University Press, Stanford, CA. 

Fujii, S., Kitamura, R., 2003. What does a one-month free bus ticket do to habitual drivers? An 

experimental analysis of habit and attitude change. Transportation 30, 81-95. 

Gehan, E.A., 1969. Estimating survival functions from the life table. Journal of Chronic Diseases 21, 

629-644. 

Grechi, D., Maggi, E., 2018. The importance of punctuality in rail transport service: An empirical 

investigation on the delay determinants. European Transport - Trasporti Europei. 

Guan, X., Wang, D., Jason Cao, X., 2020. The role of residential self-selection in land use-travel 

research: a review of recent findings. Transport reviews 40, 267-287. 

Handy, S., Clifton, K., 2001. Local shopping as a strategy for reducing automobile travel. 

Transportation 28, 317-346. 



21 
 

Huang, X., Cao, X.J., Cao, X., Yin, J., 2016. How does the propensity of living near rail transit 

moderate the influence of rail transit on transit trip frequency in Xi'an? Journal of Transport 

Geography 54, 194-204. 

Kah, J.A., Lee, S.H., 2016. A new approach to travel information sources and travel behaviour based 

on cognitive dissonance theory. Current Issues in Tourism 19, 373-393. 

Kajosaari, A., Hasanzadeh, K., Kyttä, M., 2019. Residential dissonance and walking for transport. 

Journal of Transport Geography 74, 134-144. 

Kamruzzaman, M., Baker, D., Turrell, G., 2015. Do dissonants in transit oriented development adjust 

commuting travel behaviour? European Journal of Transport and Infrastructure Research 15, 

66-77. 

Kamruzzaman, M., Baker, D., Washington, S., Turrell, G., 2013a. Residential dissonance and mode 

choice. Journal of Transport Geography 33, 12-28. 

Kamruzzaman, M., Baker, D., Washington, S., Turrell, G., 2016a. Determinants of residential 

dissonance: Implications for transit-oriented development in Brisbane. International Journal of 

Sustainable Transportation 10, 960-974. 

Kamruzzaman, M., Washington, S., Baker, D., Brown, W., Giles-Corti, B., Turrell, G., 2016b. Built 

environment impacts on walking for transport in Brisbane, Australia. Transportation 43, 53-77. 

Kamruzzaman, M., Washington, S., Baker, D., Turrell, G., 2013b. Does residential dissonance affect 

residential mobility?, Transportation Research Record, pp. 59-67. 

Kayri, M., 2007. Two-Step Cluster Analysis in Researches: A Case Study. Eurasian Journal of 

Educational Research (EJER) 7, 89-99. 

Kepper, A., Koning, I., Vollebergh, W., Monshouwer, K., 2014. Risk of Early Onset Substance Use 

among Students with and without Mild Academic Disabilities: Results of a Discrete-Time 

Survival Analysis. Learning Disabilities Research & Practice 29, 139-149. 

Kroesen, M., 2019. Residential self-selection and the reverse causation hypothesis: Assessing the 

endogeneity of stated reasons for residential choice. Travel Behaviour and Society 16, 108-117. 

Kroesen, M., Handy, S., Chorus, C., 2017. Do attitudes cause behavior or vice versa? An alternative 

conceptualization of the attitude-behavior relationship in travel behavior modeling. 

Transportation Research Part A: Policy and Practice 101, 190-202. 

Li, J., 2018. Residential and transit decisions: Insights from focus groups of neighborhoods around 

transit stations. Transport Policy 63, 1-9. 

Lin, T., Wang, D., Guan, X., 2017. The built environment, travel attitude, and travel behavior: 

Residential self-selection or residential determination? Journal of Transport Geography 65, 

111-122. 

Louie, J., Shalaby, A., Habib, K.N., 2017. Modelling the impact of causal and non-causal factors on 

disruption duration for Toronto's subway system: An exploratory investigation using hazard 

modelling. Accid. Anal. Prev. 98, 232-240. 

Manaugh, K., El-Geneidy, A.M., 2015. The importance of neighborhood type dissonance in 

understanding the effect of the built environment on travel behavior. Journal of Transport and 

Land Use 8, 45-57. 

Masyn, K.E., 2014. Discrete-Time Survival Analysis in Prevention Science, In: Sloboda, Z., Petras, 

H. (Eds.), Defining Prevention Science. Springer US, Boston, MA, pp. 513-535. 

Mokhtarian, P.L., Cao, X., 2008. Examining the impacts of residential self-selection on travel 

behavior: A focus on methodologies. Transportation Research Part B: Methodological 42, 204-

228. 

Noland, R.B., Ozbay, K., DiPetrillo, S., Iyer, S., 2014. Measuring benefits of transit oriented 

development. Mineta National Transit Research Consortium, San José. 

Phani Kumar, P., Ravi Sekhar, C., Parida, M., 2018. Residential dissonance in TOD neighborhoods. 

Journal of Transport Geography 72, 166-177. 

Queensland Government, 2009. South East Queensland Regional Plan 2009–2031. Queensland 

Department of Infrastructure and Planning, Brisbane. 

Queensland Government, 2010. Transit oriented development: guide for practitioners in Queensland. 

The Department of Infrastructure and Planning, Brisbane. 



22 
 

Rahimi, E., Shamshiripour, A., Shabanpour, R., Mohammadian, A., Auld, J., 2019. Analysis of transit 

users’ waiting tolerance in response to unplanned service disruptions. Transportation Research 

Part D: Transport and Environment 77, 639-653. 

Reibstein, D., Lovelock, C., de P Dobson, R., 1980. The Direction of Causality Between Perceptions, 

Affect, and Behavior: An Application to Travel Behavior. Journal of Consumer Research (pre-

1986) 6, 370. 

Renne, J.L., Tolford, T., Hamidi, S., Ewing, R., 2016. The Cost and Affordability Paradox of Transit-

Oriented Development: A Comparison of Housing and Transportation Costs Across Transit-

Oriented Development, Hybrid and Transit-Adjacent Development Station Typologies. 

Housing policy debate 26, 819-834. 

Sanders, P., Zuidgeest, M., Geurs, K., 2015. Liveable streets in Hanoi: A principal component 

analysis. Habitat International 49, 547-558. 

Schwanen, T., Mokhtarian, P., 2004. The extent and determinants of dissonance between actual and 

preferred residential neighborhood type. Environment and Planning B: Planning and Design 31, 

759-784. 

Schwanen, T., Mokhtarian, P., 2005a. What affects commute mode choice: neighborhood physical 

structure or preferences toward neighborhoods? Journal of Transport Geography 13, 83-99. 

Schwanen, T., Mokhtarian, P., 2005b. What if you live in the wrong neighborhood? The impact of 

residential neighborhood type dissonance on distance traveled. Transportation Research Part D: 

Transport and Environment 10, 127–151. 

Searle, G., Darchen, S., Huston, S., 2014. Positive and Negative Factors for Transit Oriented 

Development: Case Studies from Brisbane, Melbourne and Sydney. Urban Policy and Research 

32, 437-457. 

Tanford, S., Montgomery, R., 2015. The Effects of Social Influence and Cognitive Dissonance on 

Travel Purchase Decisions. Journal of Travel Research 54, 596-610. 

Tanko, M., Burke, M.I., Cheemakurthy, H., 2018. Water Transit and Ferry-Oriented Development in 

Sweden: Comparisons with System Trends in Australia, Transportation Research Record, pp. 

890-900. 

Tardiff, T.J., 1977. Causal inferences involving transportation attitudes and behavior. Transportation 

Research 11, 397-404. 

Tekle, F.B., Vermunt, J.K., 2012. Event history analysis, In: Cooper, H. (Ed.), APA Handbook of 

Research Methods in Psychology: Vol. 3. Data Analysis and Research Publication. American 

Psychological Association. 

Thigpen, C., 2019. Do bicycling experiences and exposure influence bicycling skills and attitudes? 

Evidence from a bicycle-friendly university. Transportation Research Part A: Policy and 

Practice 123, 68-79. 

Ton, D., Zomer, L.-B., Schneider, F., Hoogendoorn-Lanser, S., Duives, D., Cats, O., Hoogendoorn, 

S., 2020. Latent classes of daily mobility patterns: the relationship with attitudes towards 

modes. Transportation 47, 1843-1866. 

van de Coevering, P., Maat, K., Kroesen, M., van Wee, B., 2016. Causal effects of built environment 

characteristics on travel behaviour: A longitudinal approach. European Journal of Transport and 

Infrastructure Research 16, 674-697. 

van de Coevering, P., Maat, K., van Wee, B., 2018. Residential self-selection, reverse causality and 

residential dissonance. A latent class transition model of interactions between the built 

environment, travel attitudes and travel behavior. Transportation Research Part A: Policy and 

Practice 118, 466-479. 

van Wee, B., De Vos, J., Maat, K., 2019. Impacts of the built environment and travel behaviour on 

attitudes: Theories underpinning the reverse causality hypothesis. Journal of Transport 

Geography 80, 102540. 

Wang, D., Lin, T., 2019. Built environment, travel behavior, and residential self-selection: a study 

based on panel data from Beijing, China. Transportation 46, 51-74. 

Wendler, T., 2016. Data mining with SPSS modeler : theory, exercises and solutions. Switzerland : 

Springer. 



23 
 

Wolday, F., Cao, J., Næss, P., 2018. Examining factors that keep residents with high transit preference 

away from transit-rich zones and associated behavior outcomes. Journal of Transport 

Geography 66, 224-234. 

Yang, K., Pojani, D., 2017. A Decade of Transit Oriented Development Policies in Brisbane, 

Australia: Development and Land-Use Impacts. Urban Policy and Research 35, 347-362. 

Ye, R., Titheridge, H., 2017. Satisfaction with the commute: The role of travel mode choice, built 

environment and attitudes. Transportation Research Part D: Transport and Environment 52, 

535-547. 

Zarabi, Z., Gerber, P., Lord, S., 2019. Travel Satisfaction vs. Life Satisfaction: A Weighted Decision-

Making Approach. Sustainability 11, 5309. 

Zheng, Y., Ran, B., He, S., Zhang, J., 2019. Survival Analysis of Bus Running Time near Bus-Stop 

Areas. Journal of Transportation Engineering Part A: Systems 145. 



24 
 

8. Appendices 

Appendix 1: Items used to identify the reasons for choosing the current neighbourhood 

# Item description 

1 Affordability of housing, land or rent 

2 Investment potential 

3 Closeness to work 

4 Safety from crime 

5 Closeness to schools 

6 Ease of walking to places 

7 Closeness to childcare 

8 Closeness to the city 

9 Near to green-space or bushland 

10 Closeness to public transport 

11 Closeness to open space (e.g. parks) 

12 Wanted to live close to shops 

13 Access to freeways or main roads 

14 Closeness to recreation facilities 

15 Moved in with my spouse/partner 

16 Sense of community 

17 Closeness to relatives 

Appendix 2: Cluster analysis of the three residential location choice factors to determine TOD dissonants/consonants 
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Appendix 3: Changes in the built environment characteristics of the study neighbourhoods over the study periods* 

Built environment factors Measures 

 

Changes in measures 

 

 2007 2009 2011 2013 2016 2009-07 2011-09 2013-11 2016-11 

Net residential density (Dwelling/Ha) 26.27 27.34 28.59 29.06 29.30 1.07 1.24** 0.47 0.24 

Intersection density (number/Ha) 70.55 69.95 73.95 74.40 74.14 -0.59 4.00** 0.46 -0.26 

Average land use mix index 0.65 0.63 0.55 0.59 0.63 -0.01** -0.09** 0.04 0.04** 

N 24 24 24 24 24 24 24 24 24 

* A consistent approach was used to monitor changes in built environment patterns by measuring these at the neighbourhood 

level. The 98 analytical samples lived in 24 neighbourhoods in 2007. The built environment changes of these 24 

neighbourhoods are presented here. Although the indicators were derived at the individual level for the analysis, such 

indicators would not capture the changes because the number of samples reduced over time. An average based on the 

number of samples would not represent the changes properly because it can capture changes either due to real changes in the 

built environment or due to changes in the number of samples (and the consequent changes in individual buffers) or both. 

** The differences are statistically significant at the 0.05 level based on a paired t-test, which takes into account the 

correlations of the values between the years as they were derived for the same neighbourhoods over the time periods. 

  

 


