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Abstract

In recent decades, many researchers have found evidence that supports a link between land use and daily travel behaviour. However, it is conceivable that people do not always align their travel behaviour with possibilities and constraints of a location; indeed they may self-select through residential choice to a spatial structure that fits in with their attitudes towards travel behaviour. The multiple regression models that are presented in this paper indicate that including travel-related preferences and attitudes, residential choice and lifestyle orientation will contribute to the analyses of the influence of land use on travel behaviour. 

Residential self-selection: the effect of travel-related attitudes and lifestyle orientation on residential location choice; evidence from the Netherlands
1 Introduction

In the past few decades travel patterns have become more complex than ever. This is due to, amongst others, spatial fragmentation, imperfect housing markets, specialisation in the workforce, automation, an ageing population, a rise in the number of double-income families, growing diversity in household compositions and a trend towards more cars per household. At the same time, a keener awareness of environmental issues and traffic congestion has developed. The aim of planning concepts such as New Urbanism in the US and the Compact City Policy in Europe is to decrease car use by encouraging people to opt for alternatives and by reducing travel distances. Recently, shifts have appeared in spatial policy in the Netherlands which aim to facilitate accessibility rather than restrict the use of cars. 


Since spatial policies such as New Urbanism in the United States and the Compact City Policy in Europe were developed, housing and mobility researchers have been showing a growing interest in determining the influence of land use on travel behaviour. Many studies have evaluated this influence by analysing the effect of spatial structures such as compact development, mixed land use and street design on people’s travel patterns. Most of them concluded that a link between land-use characteristics and travel behaviour does exist at least to some degree, but there is still considerable disagreement on the extent of the assumed effects. (see e.g. Cervero & Kockelman, 1997; Dieleman et al., 2002; Ewing & Cervero, 2001; Handy, 1996).


 The discrepancies between the findings might be partly attributed to the fact that within these studies little or no attention has been paid to the role of personal preferences and attitudes in residential and travel choices. People do not always align their travel behaviour with the possibilities and constraints of a location, but may choose an environment that facilitates their travel preferences. This mechanism is referred to as ‘residential self-selection’ (e.g. Cervero & Duncan, 2002; Bagley & Mokhtarian, 2002; Cao et al., 2006). 


Spatial planning influences the extent to which households are able to self-select to a residential location that suits their travel preferences. Some households will have housing and travel preferences that are more or less compatible; others will have a hard time finding a house that fulfils most of their wishes. Let’s take the case of one couple who have two children and are both true nature lovers. They have opted to live in a suburb, because this was the only location which had spacious green areas within easy reach and also satisfied their wish for plenty of outdoor play areas for their children. However, not only do they enjoy walking and cycling in their leisure time, they also prefer to walk and cycle to work, school and other places. Since suburbs are usually car-oriented, their residential location does not cater for their travel preferences. As a result, their actual travel behaviour is at odds with their travel preferences: they take the car far more often than they would like.


If spatial planners would know the combinations of housing and travel attributes that people prefer, they could identify the spatial and transport contexts which best reflect residential and activity- and travel-related preferences and create spatial and transport scenarios that would lead to more environmentally-friendly travel patterns. Of course, it is not only preferences at the time of residential choice that have to be considered, but also subsequent changes in travel-related preferences as well as in land use and transport systems. 

Recently many studies examined the role of residential self location in the relation between land use and travel behaviour. But although these studies do indicate residential self-selection is of importance, few results really attribute to determining the degree of self-selection takes place (Cao et al, 2006b). Moreover when reviewing studies on residential self-selection it can be noted that almost every study uses different measures of residential self-selection. Many studies include preferences in their analyses; others use attitudes, a construct that originates from social-psychology originating.  The scale on which land use or spatial structure is measured as well as the scale of the preferences and/or attitudes that are included in the studies do also vary a lot. 


Furthermore it is noticeable that most empirical research on residential self-selection

was executed in the United States. Spatial structure in Europe differs in many ways from spatial structure in the Unites States. Important differences can be found in urban form and infrastructure, but also in the housing markets. Because of these differences the results from most research on residential self-selection are hardly applicable to European countries. This paper presents a Dutch empirical study. Especially in the Netherlands opportunities for walking, cycling and the use of public transportation are better than in North America. 

In section 2 we will give an overview of how preferences and attitudes can be measured and how they are included in studies on residential self-selection. Furthermore, the value of including other, more general, attitudes – namely, attitudes to lifestyle orientation – will be discussed. Attitudes to lifestyle orientation may help to shed more light on the role of socio-demographic and socio-economic variables and specific attitudes in residential choice. For example people who work the same number of hours may attach different degrees of importance to their job. This, in turn, may influence their residential choice. Until this moment very few studies have include lifestyle orientation in their analysis of residential self-selection. The third section presents a conceptual research framework that aims to unravel the effect of preferences and underlying attitudes on the relationship between residential choice and travel behaviour. In section 4 we introduce some exploratory multiple regression models including data from an Internet survey held among home-buyers in three municipalities in the centre of the Netherlands. Our conclusions are presented in the final section.

2 The measurement of preferences and attitudes. 

Different recent studies do indicate that in order to unravel the effect of land use on travel behaviour, it is necessary to take account of the role of self-selection in residential choice. However most studies did not or were not able to indicate to what extent self-selection takes place (Cao et al., 2006b). To be able the determine to what degree households do succeed in residential self-selection, we need to analyze to what degree land use enables households to travel according their travel behaviour preferences. This paragraph gives an overview of different methods for the measurement of travel-related preferences. 

2.1 Tradition micro-economic approach

Most conventional travel-choice models are based on micro-economic utility-maximisation theory (Stern, 1998). In this type of research, travel preferences are not measured directly, but travel behaviour alternatives are treated as bundles of attribute levels; the total utility of an alternative is therefore determined by the utility an individual derives from its attribute levels. It is assumed that individuals always prefer the alternative that delivers the highest utility or satisfaction, provided it does not exceed their financial and time budgets (Timmermans et al., 2002 & Ettema & Timmermans, 1997). 


It is assumed that differences between individuals in their evaluation of attributes of alternatives (e.g. speed, costs, comfort in mode choice analyses) can be overcome by adding social-demographic characteristics of the individuals and a random component to the utility function (Ben-Akiva and Lerman, 1985). This implicates that individuals who share the same personal characteristics also share the same evaluation of attributes of alternatives (Train, 1998).  According to Morikawa and Sasaki (1998) in this micro-economic approach the individual is treated as an optimizing ‘black box’.

2.2  Stated preference methods

A simple manner to reveal people’s preferences is just by asking people directly what they prefer. In their study on the influence of preferences for modes on residential location choices Van Wee et al. (2002) asked individuals which travel mode they preferred. Subsequently they were asked whether their choice for their current residential location was related to this preference.  It was found there was indeed a relation between travel mode preferences and choices of residential locations. Especially people who preferred public transportation did take into account the accessibility of public transportation services when they made their residential choices. Moreover, multivariate regression models showed mode preferences added explanatory power to the explanation of travel behaviour by personal, household and land-use variables.


One common, more complex method for determining the importance of different aspects of a choice is conjoint analysis. In this method individuals are asked to choose between, rate or rank a set of alternatives with varying attributes. Molin & Timmermans (2003) reviewed several studies that use conjoint methods to ascertain the housing attributes which are important when residential choices are being made. Besides numerous housing and neighbourhood attributes these studies evaluated the importance of accessibility of work and different services (e.g. distance to public transport) and attributes of the surroundings (e.g. green areas, traffic congestion). The results from these studies indicate that accessibility exerts a significant influence on residential choice, albeit to a lesser extent than attributes of the house and the neighbourhood.

2.3 Attitudes

Research on preferences originates from micro-economics. However lately more and more studies that aim at explaining travel behaviour include attitudes in their analyses. Attitude is a psychological construct and research on the influence of attitudes on behaviour originates in the domain of social psychology.  A general, often used definition of attitudes is the following definition by Eagly and Chaiken (1993):’Attitude is a psychological tendency that is expressed by evaluating a particular entity with some degree of favour or disfavour’.  The attitude object an attitude is directed at can be concrete as well as abstract, it can be spiritless as well as a person or a group. (Bohner & Wänke, 2002).

In social psychology Ajzen’s Theory of Planned Behaviour is probably the most frequently used theory on the effect of attitudes on travel behaviour. The Theory of Planned Behaviour is designed to predict and explain human behaviour in specific contexts (Ajzen, 1991). It is based on the notion that behaviour is influenced by three kinds of beliefs: beliefs about and evaluations of the likely outcomes of the behaviour determine the attitude towards the behaviour; beliefs about the normative expectations of others and the motivation to comply with these expectations determine the subjective norm; and beliefs about the presence of factors that may facilitate or constrain the behaviour determine the perceived behavioural control. Attitudes, social norms, and perceived behavioural control do not influence behaviour directly but through intention. In addition, behaviour is directly influenced by the intention or readiness of an individual to enact a given behaviour and the extent to which he has the necessary skills, resources and other prerequisites (actual behaviour control) to do so (Ajzen, 1991).


A longitudinal study by Bamberg et al. (2003) is a typical example of research on travel behaviour based on the Theory of Planned Behaviour. They investigated the effects of an intervention – the introduction of a prepaid bus ticket – on bus use among college students. Students were asked to fill in a questionnaire two months before and eight months after the ticket was introduced. Attitudes to travel mode modes were assessed by two statements, one being: ‘For me, to take the bus (use my car/bicycle/walk) to get to the campus next time would overall be good-bad’. The results showed that the intervention did influence attitudes towards bus use, subjective norms and perceptions of behavioural control and that intentions and behaviour were steered in the desired direction of increasing the use of the bus. 

In her PhD-research Anable (2002) divided visitors of National Trust (a UK countryside leisure provider) properties into segments of people that share the same behavioural responses regarding mode choice for day trip travel. One of the objectives of Anable’s research was to examine whether her results support the Theory of Planned Behaviour as an explanatory framework of mode choice intention. She based her conceptual framework on the Theory of Planned Behaviour and extended it with the following five factors: moral norm, environmental attitudes, worldview and knowledge, efficacy, identity and habit. She constructed 139 attitude statements to measure travel related preferences, worldviews and attitudes of the respondents. There proved to be significant differences between the segments with respect to mode choice for general travel as well as to day trip travel. 

2.4 Studies on residential self-selection 
Recently many studies have attempted to disentangle the role of self-selection in the relation between land use and travel behaviour. In the previous paragraph different methods to handle the analysis of preferences and attitudes were shown. This paragraph describes how self-selection was dealt with in studies on residential self-selection. Some of the most innovative are discussed. For an extensive and critical overview of  literature on the influence of residential self-selection on travel behaviour see Cao et. al (2006b).  


One of the first studies on residential self-selection and travel behaviour was conducted by Prevedouros (1992), who identified three personality dimensions that influence travel behaviour and residential choice: sociability (introvert/extravert), materialism, and suburbanism (preference for a low- or high-density neighbourhood). Analyses of the relationship between the personality dimensions and actual travel behaviour revealed, amongst other things, that extrovert people are inclined to make more trips and more non-work-related trips and that, as expected, people with an affinity for suburban living are more likely to live in low-density suburbs than in high-density areas near the city centre.


Bagley & Mokhtarian (2002) examined the relationship between residential neighbourhood type and travel behaviour. They used data collected in five different neighbourhoods in the San Francisco Bay Area, which included attitudinal, lifestyle and demographic variables. The lifestyle section of the questionnaire listed more than 100 types of activities and interests. The respondents had to indicate which subjects they had read about in the past month, how they spent the past weekend and the activities they had participated in during the past year. Attitudes were measured by asking them to respond on a five-point Likert-type scale to 39 statements on the car, ride-sharing, public transport, congestion and air quality, time use, housing preferences, and economic policies on transport. The results showed that, of all the explanatory variables, attitudinal and lifestyle variables had the greatest impact on travel demand and that residential location type (based on 18 neighbourhood characteristics like parking availability, perceived pleasantness of walking and cycling) had little impact on travel behaviour.


Earlier Kitamura et al. (1997) used the attitudinal data and socio-economic and neighbourhood characteristics from the same dataset as input for regression analyses. Their results also showed that attitudes contribute more to travel behaviour than socio-economic and neighbourhood characteristics.


Schwanen & Mokhatrian (2005) investigated the extent to which dissonance between the physical structure of the neighbourhood and land-use preferences near the residential location affect the distance travelled overall and by mode. They used responses by residents in the San Francisco Bay Area to five attitude statements such as ‘I like to have a large yard at my home’ and ‘Having shops and services within walking distance from my home is important to me’ to calculate a pro-density score. Urban residents with a low pro-density score and suburban residents with a high pro-density score were described as ‘mismatched’. The outcomes of tobit models that were constructed suggest that neighbourhood type dissonance influences the distance travelled. However, the physical land use structure appears to have a stronger influence. Besides neighbourhood dissonance, individually held beliefs about car use and affective feelings about using specific modes also had a significant and, in some cases, a stronger or more direct influence on travel. 

Cao et al. (2006) explored the influence of residential self-selection on the frequency of pedestrian shopping trips and strolling trips. They used data from a 1995 survey held in Austin. Neighbourhood characteristics (objective assessments like distance to commercial areas, sidewalks availability as well as perceived characteristics like perception of safety) , residential preference and demographic variables were used to explain the frequencies of both types of trips. One of the factors in the residential preference variables measured the importance that the respondents attached to stores within walking distance. The results of their analyses show that individuals who rate stores within walking distance as more important in their decision to live in their current neighbourhood stroll more frequently and walk more often to the stores. 


Although several studies do indicate a link between land use characteristics and travel behaviour, they do not provide a decisive answer about the degree into which land use influences travel behaviour. Because these studies are cross-sectional the direction of causality remains unclear. Furthermore a high correlation between two variables does not automatically mean there is a direct link between both variables (Stead and Marshall, 2001, Cao et al., 2006b). Therefore it is important to include all variables that are possible intermediate variables between spatial characteristics and travel behaviour. For example the influence of neighbourhood type on modal choice can be overestimated when household composition is being neglected. However when all relevant variables are included, the cross-sectional character of these types of analysis still causes lack of clarity on the self-selection issue.  


By comparing travel behaviour of households before and after a change of residential location, longitudinal research enables researchers to analyse whether households that move to a residential location in a different spatial setting still perform the same travel behaviour as before their move.  


Krizek (2003) was the first to perform a longitudinal study in which travel behaviour of households before and after a move were analysed using relatively detailed urban from measures. In this study, that uses data from the Puget Sound Transportation panel, urban form was measured by housing units per square mile at the individual block level, number of employees in retail activities per 150-meter grid cell and by the average block area per grid cell. Factor analysis combined these measures into one factor, which represents the ‘Neighbourhood Accessibility’ per grid cell. The regression analyses Krizek performed with these data, suggest that when households relocate to a neighbourhood with a different Neighbourhood Accessibility their travel behaviour will change. Households who moved tot neighbourhoods with a higher Neighbourhood accessibility reduced their vehicle miles travelled as well as their total person miles travelled. The average number of tours increased with an increase of Neighbourhood Accessibility, while, as could be expected, increases in Neighbourhood Accessibility led to decreases in the number of trips per tour. Krizek recognizes that because he did not include changes in preferences towards travel and residential location, the changes in travel behaviour he found could also be (partly) attributed to changes in preferences. 

Handy et al. (2004) performed a quasi-longitudinal study. Respondents were asked about differences in their travel behaviour before and after they had moved. They had to answer on a five-point scale (from “a lot less now” to “a lot more now”) to what degree their current use of travel modes differed from the use of these modes before their move.  Perceived neighbourhood characteristics of the current and previous neighbourhood were used to measure changes in the spatial structure. The results show that changes in neighbourhood characteristics have the strongest association with changes in walking and to a lesser extent riding a bike. Increases in accessibility seem to be associated with decreases in driving, while the use of transit, walking and riding a bike increases. 

2.5  The role of lifestyle orientation 

The research that examines the effect of lifestyle orientation (the importance people attach to different life roles such as working and parenting) on the role of travel-related self-selection in residential choice is very limited. However, we do suspect that deeper insight into lifestyle orientation would help to farther explain the role of travel-related self-selection in residential choices. It is not only lifestyle choices such as the number of hours people work or the decision to have children that determine where people want to live, but also underlying lifestyle orientation, i.e. the importance they attach to careers and to having children. Moreover, it can be expected that the more life roles that are (very) important to people, the more residential preferences they will have and the harder it will be to satisfy all of them through residential self-selection.  


The concept of lifestyle is very popular, especially among market researchers, but it is also appearing in research on residential preferences. However, it is proving difficult to make progress in understanding the effects of lifestyle on the choices of individuals as it is defined differently in almost every study. 


Salomon (1983) makes a very useful distinction between lifestyle, lifestyle decisions and orientation to the role of family member, worker and consumer of leisure. He defines lifestyle as the pattern of behaviour which reflects an individual’s orientation to these three roles and the constraints on the available resources. These constraints are imposed by social values and norms, but also stem from the life decisions themselves.


According to Salomon, there are at least three lifestyle decisions: the decision to form a household, the decision to participate in the labour force, and the orientation towards leisure. These are highly interdependent. Salomon argues that when an individual makes life decisions he sets an ‘objective function’ or a ‘policy’ of time allocation between the activities which he aims to pursue. The long-term decisions on where to live, where to work, car ownership and the mode of transport to work, as well as short-term travel decisions, depend on the lifestyle choice. People will make these travel decisions as part of their attempt to optimise their ability to practise the lifestyle they want. 


Only a few studies relate lifestyle orientation to travel behaviour and residential choice. Bootsma (1995), for example, conducted research on the influence of a work-oriented lifestyle on the choice of residential location of couples. He used six statements to measure gender-role orientation and work orientation. Contrary to expectations, his results did not support the hypothesis that women who see themselves as equal to their husbands live more often in an urban area. Women in urban areas did prove to be more work-oriented than women living elsewhere.


Redmond (2000) found significant links between lifestyle attitudes and travel behaviour. She used statements that measure travel-related attitudes, lifestyle and personality to construct a number of attitudinal, lifestyle and personality factors, but she does not make a clear distinction between lifestyle and travel-related attitudes. The statements in the lifestyle section of the survey tend to be more generally formulated than the statements in the attitude section; however, the lifestyle section includes the statement ‘to me, the car is nothing more than a convenient way to get around’, while the attitude section includes statements like ‘travelling makes me nervous’ and ‘I like exploring new places’.


It can be concluded that studies on residential self-selection in relation to travel behaviour depict great variety in the way self-selection is measured. The studies described above are able to determine the presence of residential self-selection, however determining the degree self-selection takes place seems a more difficult task. To measure self-selection preferences and/or attitudes measured on different scales are included in the analyses, but often it remains unclear why an attitudinal or preferential construct was selected. Moreover, also the scale on which spatial structure was measured differs a lot. Probably caused by this great variation in measures there seems no clear development in ideas on how to measure the degree of self-selection.  


Krizek (2003) and Handy et al. (2004) have shown the value of (semi-) longitudinal research for determining residential self-selection. One of the reasons for the relatively small number of longitudinal studies, despite their proven value, is the difficulty of organising this kind of fieldwork. It either needs data from a panel study or people who recently moved and spatial structure data on people’s previous and current residential location are needed. Furthermore because residential moves often coincide with important changes in life style (e.g. becoming parents) it is very hard to determine whether changes in travel behaviour are caused by changes in spatial characteristic or lifestyle changes and consequently changing travel attitudes. Moreover, in the last part of this section it is argued that not only lifestyle but also indicates that lifestyle orientation may attribute to the analysis of residential self-selection.

3 Conceptual model framework for testing the self-selection hypothesis
In this paragraph we present a conceptual modal for describing the relationship between residential choice, travel-related preferences and attitudes, travel behaviour, and underlying lifestyle orientation. The model is based on the literature described in the previous section and Ajzen’s Theory of Planned Behaviour (Ajzen, 1991).


Figure 1 depicts our assumptions about the relationships between the constructs that we assume to be important when unravelling the effect of preferences and underlying attitudes on the relationship between residential choice and travel behaviour.


[Figure 1]

Obviously, travel-related preferences directly influence travel behaviour (Arrow 6). Personal attitudes to activities, modes and the time and money spent on travelling will determine which of the travel options is chosen. It is assumed that people always choose the behaviour that they rate most positively. When someone can choose between a more preferred activity farther away and a less preferred activity nearer home, the outcome will depend on how he rates each activity and the distance he has to travel to reach it. It should be noted at this point that we do not assume that every travel choice stems from a fresh evaluation of all the available options. Travel choices can also stem from past evaluations that have never been revised. Or in plain terms: people develop travel habits.


The travel choices which people have are constrained by numerous factors (Arrow 7, 8 & 9). Residential location (and, amongst others, job location choice, which is not addressed here) determines how far households have to travel to the places they want to visit and the infrastructure they can use to get there. In this model, residential location refers to all travel-related housing attributes including urban form, accessibility, distances from activity locations (e.g. shops, schools, work), the quality of the infrastructure for the different transport modes, parking spaces, etc. The travel behaviour that is considered does not, of course, depend only on the existence of possibilities, but also on how well-informed people are about them. Other travel constraints include having no driving licence, sharing a car with a partner and the opening times of shops.


Households can influence the extent to which their residential location restricts their travel options through the trade-offs they make when they choose a home (Arrow 3, 4 & 5). It is assumed that people choose the home that offers the best combination of the perceived attributes, availability, and financial and physical constraints. The housing, neighbourhood, land-use and transport-system attributes that matter most to them will carry the most weight in their overall evaluation and will thus determine the degree of self-selection that takes place in travel preferences. 


Finally, we expect that, by means of socio-demographic variables and lifestyle choices, lifestyle orientation can help to explain the trade-offs that households make between housing, neighbourhood, land use and the transport-system attributes of a new house (Arrow 1 & 2). Lifestyle orientation refers to attitudes to the different life-roles people may have. We have singled out the life-roles of partner, parent, homemaker, worker and ‘leisurite’

4 Exploratory multiple regression models

Nine multiple regression models were executed in order to explore residential self-selection and the added value of including attitudinal and lifestyle orientation variables in research on the role of self-selection in the relationship between land use and travel behaviour. The three dependent variables in these models represent different spatial aspects of residential locations. The first three models include socio-demographic explanatory variables, the next three include attitudinal variables, and the last three include both. 

4.1 Research method

The data were collected through an Internet survey. This approach was chosen primarily because it offered routing options. The Internet opens up possibilities for an interactive survey design, which ensures that the respondents only see and answer the questions that are relevant to them. 


Other advantages compared with paper and phone surveys are the relatively low costs, because the questions do not have to be printed and sent out. Moreover, since the answers of the respondents are automatically transferred to a database, costly and time-consuming data-entry is avoided. 

4.2 Description of the sample and the research area

The internet survey was held among a sample of residents of Amersfoort (137.000 inhabitants), Veenendaal (61.000 inhabitants) and Zeewolde (19.000 inhabitants), three municipalities in the centre of the Netherlands. Amersfoort is situated in the north east of the Randstad. It has a historical centre and during the last decades many new houses were built in the north. Veenendaal is situated 18 kilometers to the south east of Amersfoort. Veenendaal is known for its shopping areas, bicycle friendliness and green areas. Zeewolde is a relatively new village in the Flevopolder. The east side of Zeewolde borders on water and has a small beach. All three places are surrounded by green areas, including woods. Both Amersfoort and Veenendaal have three railway stations. Zeewolde does not have a railway station, the nearest station is in Harderwijk, 13 kilometers by car from Zeewolde. 


Because our research focuses on residential choice and in the Netherlands most people who want to rent a house do not have many options, since availability is low and distribution is (partly) regulated, we restricted our research to homeowners. The ten districts included in our fieldwork all have a high percentage of owner-occupied houses. The districts vary in age, density, distance to a railway station and to a city centre. 
4.3 Response

We received completed questionnaires from 3,979 of the 12,836 residents of Amersfoort, Veenendaal and Zeewolde that were asked to participate in the survey. This implies a response of 31.0%, which is fairly high for an Internet survey. The response rate per age group shows that young people are not overrepresented: the response rate for the 18-30 year olds was 25.4%, while the response rate for people between 50 and 65 was 45.0%. The group aged 65 and over still lagged behind with a response of 9.5%. 


The majority of the participants had a medium or high level of education and a relatively high income. This may largely be due to the selection of home-buyers, but the use of Internet may also have had an influence, as households with lower educational levels and lower incomes have a less access to (fast) Internet. Also, people with a partner are overrepresented. As analyses will be performed at household level at a later date, the participants were selected on the basis of household level and both partners were asked to respond.

4.4 The variables in the models

Dependent variables

The three dependent variables in the different models were distance from home to work in kilometres, distance from home to the nearest railway station in kilometres, and the number of pubs and restaurants within 2 kilometres of the home address. 

The regression models that explain the variance in the distance from home to work only include the respondents that have a job and, because of our focus on residential choice, did not change their jobs since their last residential move. 


On average the respondents travel 15,57 kilometers from their house to their work (N= 1036), have to  travel 2,93 kilometers to the nearest railway station (N= 3972), and have 38,88 pubs and restaurant within two kilometers from their home (N= 3979). 

It is recognized that these dependent variables, and especially the number of pubs and restaurants, are not the most representative measures for analysing residential self-selection concerning travel behaviour.  However, they still are of value for an explorative analysis. In the near future detailed spatial data of the fieldwork areas will become available for further analyses. 
Socio-demographic variables

The first three and the last three models included the following socio-demographic dummy variables: having children under the age of 6 in the household, having children between 6-12 in the household, and having children aged 12 or over in the household; a low level of education, a high level of education; no car in the household, two or more cars in the household; a net monthly income below modal level, a net monthly income more than twice the modal income; a partner with a public transport card; and gender. Age on 1 January 2005 was also included in the model.

Importance of travel-related housing attributes, travel-related attitudes and lifestyle orientation

According to our conceptual model, many different variables and complex analyses are needed to unravel the role of residential self-selection in travel behaviour. Our current multiple regression analyses aim only to explore the subject in a simple manner. We therefore decided to restrict ourselves to three lifestyle orientation variables (the importance of children, the importance of a career, and the importance of a nice home), six ratings of the importance of spatial attributes in the residential location and the attitude towards traveling by car, to public transport and cycling and to travelling in general. 


To measure lifestyle orientation we translated and used statements from the Life Role Salience Scale (LRSS) of Amatea et al. (1986). The LRSS measures the importance attributed to the roles of work, spouse, parent, and homemaker and consists of 40 items (e.g. It is important to me to feel successful in my work/career) which are rated on a 5-point Likert-type scale that ranges from ‘strongly disagree’ (=1) to ‘strongly agree’ (=5) (Cinamon & Rich, 2002). The reliability of the LRSS has been demonstrated in various studies (van der Velde et al., 2005; Rajadhyaksha & Bhatnagar, 2000). Eventually, after testing the statements, we decided to measure the importance of each role with three statements (see table 1, also for reliability scores). As in the case of Van der Velde et al. (2005), the items that measure the importance of the partner role were reworded to make them suitable for unmarried couples. 


The attitudes towards the different travel modes were measured by first asking the respondents to rate various aspects of each travel mode (e.g. environmental friendliness, comfort, safety and flexibility) on a 5-point Likert-type scale that ranges from ‘strongly disagree’ (=-2) to ‘strongly agree’ (=2) and then by asking them to rate the importance of each of these aspects to them personally on a 5-point scale (very important = 5, very unimportant =1). Their attitudes to each mode were calculated by summing up the scores for the aspects multiplied by the importance attached to each one.


The importance of the housing attributes was measured by asking the respondents to indicate how important each attribute was to them on a 5-point scale. Statements similar to those in the Life Role Salience Scale were used to measure how people felt about travelling in general.
4.5 Correlation between the independent variables in the multiple regression models
To investigate correlation between the independent variables in the model and to determine whether multicollinearity between these, sometimes closely related, variables exists, correlation coefficients between all variables were calculated. Between none of the independent variables that will be used in the regression analyses the correlation exceeds (-) 0.5, so all variables can be included without causing severe multicollinearity.


Table 2. shows the most interesting correlations of all correlations that are statistically significant at a 0.01 level (2-tailed). Most Beta’s confirm what can be expected. The older the youngest child in the household the less important the children are, which implicates that the older the children the smaller their role in residential choice. On average men attach more importance to their careers than woman and people who attach relatively small importance to their career, attach more often importance to working close to home. People’s attitude towards cycling is positively correlated to their attitude towards the using of public transportation and negatively correlated to their attitude towards traveling by car, while people who are positive about traveling by car are relatively negative about the use of public transportation. Moreover, in general public transportation card holders do like traveling more than people without such a card.  


Besides, the table shows relations exist between more sustainable travel behavior (cycling) and preferences (living close to a railway station) and having green areas near the home address.

Maybe less obvious is the relation between the importance of having a nice home and the importance of having a career. The correlation between these two attitudes is relatively high and positive (Beta=0,294), while it may be expected that people who focus on their careers care less about the time they spent at home and therefore care less about how it looks and feels like.  

4.6 The relation between socio-demographic and attitudinal variables and residential location choice

The relationships between the socio-demographic variables and the three dependent variables in the regression models follow the expected patterns (see Table 3.). On average, people with a below-modal income, work closer to home than people who earn between a modal and twice the modal income, while people who earn more live farther from their workplace. Men work farther from home than women. People from households that own two or more cars travel farther to work than people from households with one or no cars. Of all included variables the possession of a public transportation card, with a Beta of 0,263 is most positively related to the distance to work. Not surprisingly, people without a car in the household and people who own a public transportation card live relatively close to a railway station, while people from households with two cars live farther away. Respondents with children below 12 years old more often live farther from a railway station than people with no children living at home. The number of pubs and restaurants 2 kilometers of the home address is, on average much lower for people who have children at home, especially if they are under the age of six (see table 3.).


Table 4. shows that several of the included travel-related attitudes are related to the three dependent variables. Since almost all respondents do have at least one bicycle (94,7%) and one car in their household (97,1%), car and bicycle ownership is not very useful for explaining residential location choice. In the Netherlands almost everybody owns a bicycle, but the frequency of use and the fondness of cycling differ among people. Thus it seems logical to not only include ownership, but also the respondents’ evaluations of the use of these modes. 

Attitudes towards the different travel modes exhibit some correlation with the travel distance to work. In general people who evaluate riding a bike more positively and people who evaluate using public transportation and /or traveling by car ore negatively bought a house closer to their job. All travel-related attitudes do display a significant relationship with the distance to the nearest railway station. As can be expected, people who evaluate travelling by car more negatively and people who are more positive about using public transportation or cycling tend to live closer to a railway station. People’s attitude towards using public transportation and towards cycling are both positively related to the number of pubs and restaurants within 2 kilometres of the home address. People’s attitude towards cycling, are also positively related. People who like to travel or evaluate travelling by car positively, on average have less pubs and restaurants within 2 kilometres of their house.  


The regression models that include the importance attached to some residential location attributes indicate that households do, at least to some degree and concerning some aspects, select themselves in a residential location that satisfies some of their spatial preferences. The results show people who want to live closer to work do select themselves in a residential location that is closer to their work, than people who do not think distance to work is (very) important when they move to another residential location and people who think the distance to a railway station is (very) important when moving to a new house, indeed chose a house relatively close to a station. Moreover, the importance of the distance to pubs and restaurants is also positively related to the number of pubs and restaurants within 2 kilometres of the home address. 


On average, people who attach importance to the proximity of green areas or to the distance to work, live farther from a railway station. People, who attach importance to the density of the residential area and the proximity of green areas have relatively few pubs and restaurants within 2 kilometres of their house. This may indicate that only a few people combine a preference for an urban lifestyle with green, spatial preferences. 


Table 4. shows some of the lifestyle orientation variables turned out to be significantly related to the dependent variables. The importance people attach to having children and to having a nice house are both positively related to the number of pubs and restaurants within 2 kilometres of the house.  Of the three included lifestyle orientation constructs only the importance of having a career is related to distance to work. The less important their career, the shorter the distance between house and work. None of the Lifestyle orientation constructs are significantly related to the distance to nearest railway station. 
 The models that include socio-demographic variables as well as travel-related attitudes and lifestyle orientation constructs show that the inclusion of attitudes and lifestyle orientation has at least contributed to explaining the variance of the three dependent variables. 


Although the adjusted R² is fairly low in all the regression models, the percentage of explained variance is the highest in the models that include socio-demographic as well as attitudinal variables. When the attitudinal variables are added to the model, the percentage of explained variance for the distance to work increases from 0,172 to 0,224, the percentage of explained variance for the distance to the nearest railway station increase from 0,111 to 0,141 and the percentage explained variance for the number of pubs and restaurants within 2 kilometres increases from 0,122 to 0,159. 


The distance to the nearest railway station is significantly related to having children, educational level, the number of cars in the household, age and the possession of a public transportation card, but also to travel liking, the importance of the distance to green areas and a railway station, the attitude towards travelling by car, cycling and using public transportation also help to explain the variations in the distance to the railway station (Table 5.)    


The number of pubs and restaurants within 2 kilometres of the home is significantly related to various socio-demographic variables and to the importance of a nice home, the attitude towards travelling, the importance attached to density of the residential area and to the distance to work, pubs and restaurants and green areas, the attitude towards travelling by car and using public transportation (Table 5.) 

5 Conclusion

For several decades travel behaviour researchers have been trying to determine how travel behaviour is influenced by the land use and transport system characteristics of residential locations. There is still, however, considerable disagreement about the extent of the assumed effects. We have taken our cue from several other researchers and argued that when attempting to unravel the influence of land use and attitudes, it is necessary to take account of self-selection through residential choice. Studies on residential choice confirm that travel-related preferences have at least some measure of influence on travel behaviour. 

Our review of the literature and the exploratory multiple regression analyses indicate that there is much room for improvement in our understanding of the relationship between land use and travel behaviour. Although the regression models are not suited for determining whether or not travel related self-selection takes place, they do indicate self-selection takes place. The people who want to live close to a number of pubs and restaurants more often do live close to them, people who attach importance to living close to work do live relatively close to work and people who people who attach importance to living close to a railway station do live relatively close to a station. These results do not have to imply the distance to pubs and restaurants is one of the most important aspects people include in their residential decisions, but probably a preference for living close to pubs and restaurants complies well with other preferences these people may have, such as preferences for higher densities, living close to a railway station, etc., since pubs and restaurants are mainly located in the inner-city of Amersfoort, which has a relatively high density and a railway station.   

 The models do also indicate people try to find a residential location that complies with their travel-related attitudes. People who like to cycle or use public transportation seem to live relatively close to a railway station. However, the results also indicate probably many households are not able to select themselves in a residential location that is suits their travel preferences. For example the relation between people’s attitudes towards cycling and the distance to work is very weak. This could imply it is possible that people who really like cycling and thus may want to cycle to work, use another than preferred travel mode because the distance to work is too large to be able to go by bicycle.


Moreover, we argue that measuring lifestyle orientation (e.g. the importance attached to having children) separately from life decisions (e.g. the number of children) may contribute to research on residential self selection. The results of the regression analyses do not show lifestyle orientation adds to the explanation of variance of the three dependent variables by socio-demographic variables. However, we think further analyses on the combination of the orientations towards all life style aspects is necessary, because it can be expected that when more life style aspects are of importance, people will not be able to select themselves in a residential location that complies with some parts of their life style orientation. Moreover a large part of all life style decisions are made together with a partner, thus analyses on the household level seem necessary. 

Further research

The development of a framework on the role of residential self-selection in the relationship between land use and travel behaviour has only just begun take shape, while research that also includes lifestyle orientation data is, to the best of our knowledge, non-existent. Complex models, including household interaction, have to be tested in order to investigate the direct and indirect relationships between all relevant variables. Structural Equation Modelling seems to be most useful for these kinds of analyses since it allows latent variables like attitudes and path analysis to be combined in one single model. Meantime, its capability to test the direction of casualty is also important. Attitudes may influence behaviour, but behaviour may also influence people’s attitudes.

Moreover, as concluded by Cao et al. (2006b) to really identify the nature and extent of the causality between land use and travel behaviour panel studies of people who move and analysing people’s response to changes in the built environment will be needed.

The inclusion of residential self-selection could make a major contribution to spatial policy which aspires to fulfil travel-related preferences or to encourage people to engage in more environmentally-friendly behaviour, by identifying the land use, transport system, housing and neighbourhood characteristics that comply best with travel-related preferences and underlying attitudes and by discovering the combinations of attributes that may entice people to engage in more environmentally-friendly behaviour. In addition, knowledge of lifestyle, lifestyle orientation and preferences for travel-related and other housing attributes and underlying attitudes may help to identify households which do not make housing choices that reflect their preferences and attitudes and households which may be coaxed into more environmentally-friendly travel behaviour through satisfying as many as possible of their other housing preferences. 
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	 Table 1. 
Reliability analyses of statements that measure life style orientation

	 Statements
	Cronbach's Alpha

	The importance of having a career
	0.76

	Having work/a career that is interesting and exciting to me is my most important life goal.
	

	It is important to me that I have a job/career in which I can achieve something of importance.
	

	It is important to me to feel successful in my work/career.
	

	
	

	The importance of having children
	0.78

	If I chose not to have children, I would regret it.
	

	It is important to me to feel I am (will be) an effective parent.
	

	The whole idea of having children and raising them is not attractive to me.
	

	
	

	The importance of having a nice home
	0.65

	It is important to me to have a home of which I can be proud.
	

	Having a comfortable and attractive home is of great importance to me.
	

	Having a nice home is something to which I am very committed.
	


	Table 2. 
Correlation between the independent variables in the multiple regression modelsª

	 Variables
	Correlation

	Importance of having a nice home * Importance of having a career
	0.294

	Importance distance to work (dummy: (very) important =1) * Importance of having a career
	-0.145

	Attitude towards bicycling * Importance of having children
	-0.191

	Youngest child > 12 (dummy) * Importance of having children
	-0.990

	Youngest child < 6 (dummy) * Importance of having children
	-0.229

	Youngest child 6-12 (dummy) * Importance of having children
	-0.124

	Public transportation card (dummy) * Travel liking
	-0.148

	Gender (dummy, male =1) * Importance of having a career
	-0.256

	Imp. dist. railway station (dummy: (very) imp. =1) * Imp. dist. to pubs & restaurants (dummy: (very) imp. =1)
	0.154

	Importance dist. railway station (dummy: (very) imp. =1) Import. Dist. to green areas (dummy: (very) imp. =1)
	0.151

	Attitude towards bicycling * Import. distance to green areas (dummy: (very) important =1)
	0.118

	Attitude towards traveling by car * Importance distance railway station (dummy: (very) important =1)
	-0.217

	Attitude towards using public transportation * Importance distance railway station (dummy: (very) important =1)
	0.309

	Attitude towards bicycling * Importance distance railway station (dummy: (very) important =1)
	0.123

	Attitude towards using public transportation * Attitude towards traveling by car
	-0.228

	Attitude towards bicycling * Attitude towards traveling by car
	-0.184

	Attitude towards bicycling * Attitude towards using public transportation
	0.209

	Public transportation card (dummy) * Importance distance railway station (dummy: (very) important =1)
	0.415

	Public transportation card (dummy) * Attitude towards using public transportation
	0.359


ª all correlations in the table are significant at a 0.01 level (2-tailed)

	Table 3. 
Multiple regression models explanation of distance to work in kilometersª (1), distance to the nearest railway station in kilometers (2) and  number of pubs and restaurants within 2 km from the home address (3) by socio-demographic variables

	
	
	Model 1
	
	
	Model 2
	
	
	Model 3
	

	
	
	 ß
	    p
	
	
	 ß
	    p
	
	
	ß
	      p
	

	Youngest child > 12 (dummy)
	
	-0.016
	0.620
	
	
	0.025
	0.135
	
	
	-0.068
	0.000
	

	Youngest child < 6 (dummy)
	
	 0.032
	0.390
	
	
	0.065
	0.001
	
	
	-0.075
	0.000
	

	Youngest child 6-12 (dummy)
	
	-0.013
	0.681
	
	
	0.050
	0.004
	
	
	-0.048
	0.000
	

	Low education (dummy)
	
	0.006
	0.842
	
	
	-0.029
	0.076
	
	
	0.003
	0.005
	

	High education (dummy)
	
	0.045
	0.153
	
	
	-0.052
	0.002
	
	
	0.090
	0.839
	

	Parttime job (dummy)
	
	
	
	
	
	-0.040
	0.055
	
	
	0.032
	0.000
	

	Fulltime job (dummy)
	
	0.056
	0.187
	
	
	-0.048
	0.059
	
	
	0.052
	0.122
	

	No car (dummy)
	
	-0.009
	0.772
	
	
	-0.037
	0.017
	
	
	0.061
	0.040
	

	2 or more cars (dummy)
	
	0.187
	0.000
	
	
	0.172
	0.000
	
	
	-0.128
	0.000
	

	Income < modal (dummy)
	
	-0.150
	0.000
	
	
	-0.024
	0.207
	
	
	-0.011
	0.000
	

	Income > 2 x modal (dummy)
	
	0.056
	0.068
	
	
	-0.004
	0.807
	
	
	0.013
	0.559
	

	Age (01-01-2005)
	
	-0.087
	0.016
	
	
	-0.126
	0.000
	
	
	0.109
	0.407
	

	Partner (dummy)
	
	0.008
	0.782
	
	
	-0.022
	0.161
	
	
	-0.014
	0.000
	

	Public transport card (dummy)
	
	0.263
	0.000
	
	
	-0.138
	0.000
	
	
	0.167
	0.377
	

	Gender (dummy, male =1)
	
	0.080
	0.056
	
	
	0.028
	0.180
	
	
	-0.069
	0.000
	

	
	
	
N= 1036


Constant = 14.40 


R  = 0.414


R² = 0.172


Adj. R² = 0.160
	
	
N= 3972


Constant = 4.25


R  = 0.333


R² = 0.111

Adj. R² = 0.108
	
	
	
N= 3979


Constant = 23.95


R  = 0.349

R² = 0.122

Adj. R² = 0.118


ª respondents with paid work that did not change their job since their last residential move
	Table 4. 

Multiple regression models explanation of distance to work in kilometersª (1), distance to the nearest railway station in kilometers (2) and  number of pubs and restaurants within 2 km from the home address (3) by attitudinal variables

	
	
	Model 1
	
	
	Model 2
	
	
	Model 3
	

	
	
	 ß
	    p
	
	
	 ß
	    p
	
	
	ß
	      p
	

	Importance of having children
	
	-0.023
	0.459
	
	
	0.013
	0.415
	
	
	-0,062
	0,000
	

	Importance of having a career
	
	0.111
	0.001
	
	
	-0.007
	0.667
	
	
	0,007
	0,682
	

	Importance of having a nice home
	
	-0.052
	0.114
	
	
	-0.007
	0.684
	
	
	0,041
	0,019
	

	Travel liking
	
	0.024
	0.432
	
	
	-0.045
	0.005
	
	
	0,061
	0,000
	

	Importance density (dummy: (very) important =1)
	
	0.013
	0.670
	
	
	0.024
	0.143
	
	
	-0,087
	0,000
	

	Importance distance to work (dummy: (very) important =1)
	
	-0.199
	0.000
	
	
	0.032
	0.048
	
	
	-0,016
	0,328
	

	Imp. dist. to pubs and restaurants (dummy: (very) important =1)
	
	0.002
	0.957
	
	
	0.004
	0.791
	
	
	0,125
	0,000
	

	Import. distance to green areas (dummy: (very) important =1)
	
	0.039
	0.209
	
	
	0.112
	0.000
	
	
	-0,052
	0,002
	

	Importance distance railway station (dummy: (very) imp.=1)
	
	0.159
	0.000
	
	
	-0.157
	0.000
	
	
	0,103
	0,000
	

	Attitude towards traveling by car
	
	0.109
	0.001
	
	
	0.106
	0.000
	
	
	-0,092
	0,000
	

	Attitude towards using public transportation
	
	0.067
	0.042
	
	
	-0.104
	0.000
	
	
	0,127
	0,000
	

	Attitude towards bicycling
	
	-0.079
	0.015
	
	
	-0.043
	0.011
	
	
	0,022
	0,189
	

	
	
	
N=1036


Constant = 18.19


R  = 0.328


R² = 0.107


Adj. R² = 0.096
	
	
N=3972


Constant = 3.05


R  = 0.293


R² = 0.086


Adj. R² = 0.083
	
	
	
N=3979


Constant = 36.52


R  = 0.311


R² = 0.097


Adj. R² = 0.094


ª respondents with paid work that did not change their job since their last residential move

	Table 5. 

Multiple regression models explanation of distance to work in kilometersª (1), distance to the nearest railway station in kilometers (2) and  number of pubs and restaurants within 2 km from the home address (3) by socio-demographic and attitudinal variables

	
	
	Model 1
	
	
	Model 2
	
	
	Model 3
	

	
	
	 ß
	    p
	
	
	 ß
	    p
	
	
	ß
	      p
	

	Importance of having children
	
	-0.023
	0.468
	
	
	-0.025
	0.147
	
	
	-0.025
	0.150
	

	Importance of having a career
	
	0.040
	0.214
	
	
	-0.019
	0.304
	
	
	0.006
	0.730
	

	Importance of having a nice home
	
	-0.030
	0.345
	
	
	0.010
	0.582
	
	
	0.030
	0.078
	

	Travel liking
	
	-0.011
	0.723
	
	
	-0.040
	0.014
	
	
	0.037
	0.021
	

	Importance density (dummy: (very) important =1)
	
	0.023
	0.440
	
	
	0.021
	0.193
	
	
	-0.085
	0.000
	

	Importance distance to work (dummy: (very) important =1)
	
	-0.186
	0.000
	
	
	-0.024
	0.249
	
	
	0.037
	0.065
	

	Imp. dist. to pubs and restaurants (dummy: (very) imp. =1)
	
	0.017
	0.573
	
	
	0.003
	0.868
	
	
	0.128
	0.000
	

	Imp. distance to green areas (dummy: (very) important =1)
	
	0.030
	0.318
	
	
	0.111
	0.000
	
	
	-0.051
	0.001
	

	Imp. distance railway station (dummy: (very) important =1)
	
	0.136
	0.000
	
	
	-0.077
	0.000
	
	
	0.005
	0.779
	

	Attitude tow. traveling by car
	
	0.051
	0.120
	
	
	0.071
	0.000
	
	
	-0.053
	0.003
	

	Attitude towards using public transportation
	
	0.032
	0.313
	
	
	-0.053
	0.003
	
	
	0.063
	0.000
	

	Attitude towards bicycling
	
	-0.032
	0.295
	
	
	-0.037
	0.028
	
	
	0.020
	0.223
	

	Youngest child > 12 (dummy)
	
	-0.001
	0.967
	
	
	0.039
	0.032
	
	
	-0.049
	0.007
	

	Youngest child < 6 (dummy)
	
	0.054
	0.172
	
	
	0.074
	0.001
	
	
	-0.042
	0.054
	

	Youngest child 6-12 (dummy)
	
	0.009
	0.782
	
	
	0.061
	0.001
	
	
	-0.028
	0.136
	

	Low education (dummy)
	
	0.017
	0.589
	
	
	-0.029
	0.087
	
	
	0.000
	0.982
	

	High education (dummy)
	
	0.042
	0.196
	
	
	-0.035
	0.049
	
	
	0.081
	0.000
	

	Parttime job (dummy)
	
	
	
	
	
	-0.010
	0.692
	
	
	-0.003
	0.899
	

	Fulltime job (dummy)
	
	0.040
	0.354
	
	
	-0.022
	0.468
	
	
	0.021
	0.492
	

	No car (dummy)
	
	-0.016
	0.604
	
	
	-0.019
	0.241
	
	
	0.051
	0.002
	

	2 or more cars (dummy)
	
	0.174
	0.000
	
	
	0.143
	0.000
	
	
	-0.109
	0.000
	

	Income < modal (dummy)
	
	-0.141
	0.000
	
	
	-0.017
	0.395
	
	
	-0.015
	0.447
	

	Income > 2 x modal (dummy)
	
	0.041
	0.191
	
	
	-0.009
	0.586
	
	
	0.011
	0.515
	

	Age (01-01-2005)
	
	-0.117
	0.001
	
	
	-0.111
	0.000
	
	
	0.126
	0.000
	

	Partner (dummy)
	
	0.022
	0.465
	
	
	-0.016
	0.345
	
	
	-0.014
	0.396
	

	Public transportation card (dummy)
	
	0.211
	0.000
	
	
	-0.082
	0.000
	
	
	0.127
	0.000
	

	Gender (dummy, male =1)
	
	0.063
	0.136
	
	
	0.013
	0.546
	
	
	-0.057
	0.009
	

	
	
	N= 1036

Constant = 23.65

R  = 0.474

R² = 0.224

Adj. R² = 0.203
	
	N= 3972

Constant = 4.36

R  = 0.375

R² = 0.141

Adj. R² = 0.134
	
	
	N= 3979

Constant = 17.98

R  = 0.399

R² = 0.159

Adj. R² = 0.153


ª respondents with paid work that did not change their job since their last residential move
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Figure 1: Conceptual framework for testing the self-selection hypothesis 
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