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ABSTRACT
A clear understanding on the impact of the built environment on travel behavior is
crucial for land use and transport planning. However, previous land use-transport
studies are largely constrained to a single individual in the household and a single longterm choice (i.e. residential location). The individual was commonly used as the unit of
analysis, while both long-term location/mobility choices (residential location, work
location and car ownership) and daily travel behaviors could be household level
decisions. Besides, previous land use-transport research usually assumed the residential
location as a decision that independent with the work location, while these two location
choices may be associated with each other. Ignoring intra-household interactions in
travel decisions and the interdependencies between different long-term choices would
lead to an incomplete understanding on the land use-transport relationship.
This thesis fills these research gaps by providing a new household perspective to rethink
and reexamine the relationships among the built environment, travel attitudes, and
travel behavior. It extends the “individual-based” analytical framework of land usetransport research to a broader “household-based” one. Specifically, this proposed
analytical framework takes the household as the basic unit of analysis, and considers
interactions among different household members as well as different long-term choices.
This research challenges the underlying assumptions of existing land use-transport
research, and has the potential to guide the research design and model specification of
future travel behavior studies.
Three empirical studies were conducted to examine the proposed household-based
research framework. Data was derived from a household activity-travel diary survey in
2016 in Beijing, China. The results of empirical studies indicate that:


Self-selection exists in different long-term choices, including residential
location, work location, commuting distance and car ownership;
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Travel attitudes of different household members play different roles in selfselections regarding these long-term choices;



The partner’s travel attitudes affect an individual’s long-term choices and travel
behaviors simultaneously, thereby could be additional sources of the selfselection effect;



The built environment has indirect impacts on the male head’s travel behaviors
through the female head’s travel choices;



Besides, residential location has indirect impacts on travel behavior though the
work location choice, and vice versa.

In general, this dissertation confirms the significance and necessity of investigating the
impact of the built environment on travel behavior from a household-based perspective.
Findings in this dissertation contribute to a better understanding on the process and
mechanism of household members’ long-term and short-term travel choices, and further
both the direct and indirect impacts of the built environment on travel behavior.

iii

ACKNOWLEDGEMENTS
There are many people that I would like to acknowledge for their support and
encouragement during the period of my PhD study.
First, I want to express my deepest appreciation to my principal supervisor, Prof.
Donggen Wang, who provides me the opportunity to study in Hong Kong Baptist
University as a PhD student. Prof. Wang guided me through this whole journey,
especially at the beginning of my PhD study. He taught me how to read effectively, how
to think creatively, how to write attractively, and how to present confidently. I also
learned many useful skills on systematical review, statistical analysis, and teaching
works from him. Prof. Wang provided many opportunities for me to improve myself
continuously. He is the real leader on my road of academic research. I would not have
completed this thesis without his help and encouragement during these years.
I would also like to give my sincerest gratefulness to Prof. Xinyu (Jason) Cao in
University of Minnesota. He is a highly reputable scholar in transportation field. I am
very lucky to have gained his assistance in my research works. His precious comments
helped me widen my horizon in travel behavior research and promote my writing skills.
I wish to show my gratitude to other teachers in our department. In every semester, they
took the time to give our graduate students the opportunity of presentation and provide
many valuable comments on our research. Many thanks to Dr. Jianfeng Li, who
encouraged me for many times at the critical moments of my study. Sincere thanks also
go to Miss. Grace Li. She helped me with many affairs, which facilitated my good
learning and research experiences during this period.
Special thanks to Mingzhu Yao, who collected the data in Beijing in 2016. This
dissertation used the data for empirical analyses. She also shared a lot of valuable
experiences in writing the dissertation with me. I am also thankful to other colleagues,
Meng Zhou, Zidan Mao, Lingling Li and Yi Guo. We cooperated with each other very

iv

happily in team works. I have also learned a lot from each of them.
Finally, I would like to say thanks to my parents for their unconditional love, persistent
understanding and constant support. They gave me the strength to walk forward during
hardships. Thank you so much to all the friends who have helped me in my PhD study.

v

TABLE OF CONTENTS
Chapter 1 Introduction ................................................................................................ 1
1.1 Background and motivation .............................................................................. 1
1.2 Research framework and objectives ................................................................. 5
1.3 Thesis overview ................................................................................................ 8
Chapter 2 The built environment, travel attitudes, and travel behavior: literature
review .......................................................................................................................... 11
2.1 The impact of the built environment on travel behavior ................................. 11
2.2 The role of travel attitudes in land use-transport relations.............................. 16
2.2.1 The influence of travel attitudes on travel behavior ............................. 16
2.2.2 Residential self-selection ...................................................................... 18
2.2.3 Interaction effect between attitudes and the built environment on travel
behavior ......................................................................................................... 22
2.2.4 Feedback effect of the built environment on travel attitudes ................ 24
2.3 Intra-household interactions in transport research .......................................... 26
2.3.1 Intra-household interactions in long-term choices ............................... 26
2.3.2 Intra-household interactions in travel behavior ................................... 28
2.4 Summary ......................................................................................................... 31
Chapter 3 Residential self-selection in the built environment-travel connection:
whose self-selection? .................................................................................................. 33
3.1 Introduction and motivation ............................................................................ 33

vi

3.1.1 Residential self-selection from the household perspective ................... 34
3.1.2 Research Objectives .............................................................................. 35
3.2 Conceptual framework, data and variables ..................................................... 36
3.2.1 Conceptual framework .......................................................................... 36
3.2.2 Data collection ...................................................................................... 38
3.2.3 Measures of variables ........................................................................... 40
3.3 Empirical analyses and findings ..................................................................... 46
3.3.1 Comparing the travel attitudes of the two partners .............................. 47
3.3.2 Self-selection concerning residential location ...................................... 51
3.3.3 Self-selection concerning car ownership .............................................. 57
3.3.4 Travel attitudes, socio-demographics and travel behavior .................. 57
3.3.5 The built environment and travel behavior ........................................... 59
3.3.6 Discussion ............................................................................................. 63
3.4 Conclusions ..................................................................................................... 65
Chapter 4 The built environment-travel connection: Considering multiple travelbased self-selections ................................................................................................. 68
4.1 Introduction and motivation ............................................................................ 68
4.1.1 The multiplicity of travel-based self-selection ...................................... 68
4.1.2 The interdependencies among long-term choices ................................. 70
4.1.3 Research Objectives .............................................................................. 73
4.2 Conceptual framework, data and variables ..................................................... 74

vii

4.2.1 Conceptual framework .......................................................................... 74
4.2.2 Data collection ...................................................................................... 76
4.2.3 Measures of variables ........................................................................... 77
4.3 Empirical analyses and findings ..................................................................... 81
4.3.1 Self-selections concerning residential location, work location and car
ownership ....................................................................................................... 81
4.3.2 The relationships among travel-based self-selections .......................... 84
4.3.3 The influences of long-term choices on travel behavior ....................... 87
4.3.4 Discussion ............................................................................................. 90
4.4 Conclusions ..................................................................................................... 92
Chapter

5 The

built

environment-travel

connection:

Considering

the

interdependencies between partners’ travel behaviors .......................................... 94
5.1 Introduction and motivation ............................................................................ 94
5.1.1 Rethink land use-travel relations from a household perspective .......... 95
5.1.2 Research Objectives .............................................................................. 97
5.2 Conceptual framework, data and variables ..................................................... 98
5.2.1 Conceptual framework .......................................................................... 98
5.2.2 Data collection .................................................................................... 100
5.2.3 Measures of variables ......................................................................... 101
5.3 Empirical analyses and findings ................................................................... 106
5.3.1 Do partner’s attitudes matter in travel decisions? ............................. 107

viii

5.3.2 Do partner’s travels matter in travel decisions? ................................ 111
5.3.3 Residential built environment and partners’ travel behaviors ........... 113
5.3.4 Work environment and partners’ travel behaviors ............................. 116
5.3.5 Discussion ........................................................................................... 119
5.4 Conclusions ................................................................................................... 121
Chapter 6 Conclusion .............................................................................................. 123
6.1 Thesis summary ............................................................................................ 123
6.2 Policy implications........................................................................................ 126
6.3 Limitations and recommendations for future research ................................. 129
A Appendix to Chapter 2 ......................................................................................... 133
B Appendix to Chapter 3 ......................................................................................... 150
C Appendix to Chapter 4……………………………………………………………………152
Bibliography ............................................................................................................. 153
Curriculum Vitae ..................................................................................................... 182

ix

LIST OF FIGURES
Figure 1.1 Theoretical framework of land use-transport research: from “individualbased” to “household-based” ..................................................................................... 7
Figure 2.1 The effect of travel attitudes on travel behavior ......................................... 17
Figure 2.2 General findings of the interaction effects between travel attitudes and the
built environment on travel behaviors ..................................................................... 24
Figure 3.1 Conceptual model ....................................................................................... 37
Figure 3.2 Map of the study area (districts colored in grey) ........................................ 40
Figure 4.1 Conceptual model ....................................................................................... 74
Figure 4.2 Indirect effects of residential and work locations on travel behavior......... 89
Figure 5.1 Conceptual model ....................................................................................... 99
Figure 5.2 Relationships between partners’ travel behaviors .................................... 112
Figure 5.3 The secondary impact of the built environment on (the male head’s) travel
behavior.................................................................................................................. 115
Figure A.1 Model structure of estimated SEMs ........................................................ 150

x

LIST OF TABLES
Table 3.1 Sample profile .............................................................................................. 41
Table 3.2 Factor loadings concerning residential preferences ..................................... 44
Table 3.3 Factor loadings concerning travel attitudes.................................................. 44
Table 3.4 Intra-household difference in travel attitudes .............................................. 48
Table 3.5 Standardized direct effects of travel attitudes on travel-related decisions ... 53
Table 3.6 Standardized direct effect of socio-demographics on endogenous variables
.................................................................................................................................. 54
Table 3.7 Standardized direct (indirect) effects of the residential built environment on
travel behavior ......................................................................................................... 60
Table 4.1 Sample profile .............................................................................................. 78
Table 4.2 Factor loadings concerning residential preferences ..................................... 79
Table 4.3 Factor loadings concerning travel attitudes.................................................. 80
Table 4.4 Standardized direct effects of travel attitudes on travel-related decisions
(group I) ................................................................................................................... 82
Table 4.5 Standardized direct effects of travel attitudes on travel-related decisions
(group II) .................................................................................................................. 83
Table 4.6 Standardized direct effects among long-term choices (group I) .................. 85
Table 4.7 Standardized direct effects among long-term choices (group II) ................ 85
Table 4.8 Standardized effects of long-term choices on travel behavior (group I) ..... 88
Table 4.9 Standardized effects of long-term choices on travel behavior (group II) .... 88
Table 5.1 Sample profile ............................................................................................ 101

xi

Table 5.2 Factor loadings concerning residential preferences ................................... 103
Table 5.3 Factor loadings concerning travel attitudes................................................ 103
Table 5.4 Standardized direct (total) effects of travel attitudes on travel-related
decisions ................................................................................................................. 108
Table 5.5 Standardized direct (total) effects of the built environment on travel behaviors
................................................................................................................................ 114
Table A.1 Empirical studies on the built environment, travel attitudes, and travel
behavior.................................................................................................................. 133
Table A.2 R2 measures for models in chapter 3……………………………………..151
Table A.3 R2 measures for models in chapter 4……………………………………..152

xii

Chapter 1 Introduction
1.1 Background and motivation
Over the past decades, many countries have experienced a rapid increase in automobile
use. For example, the number of private cars in Beijing, China has grown by more than
ten times from the year 1999 (0.45 million) to 2018 (4.78 million)1. Meanwhile, the
share of non-motorized trips substantially decreased, while travels made by private cars
increased dramatically (Zhao, 2014; Wang and Zhou, 2017). The increasing car
dependency was accompanied by a series of negative consequences, such as traffic
congestion, air pollution, excessive energy consumption, and public health problems
(China Economic Net, 2014). In such a case, controlling car use and encouraging the
use of alternative transport modes have been set as the primary objectives of transportrelated policies in Beijing and many other cities in China (Beijing Transport Research
Center, 2013).
The modification of the built environment in urban areas has been considered as one of
the effective ways to reduce car dependency. Planners expect that high-density, mixeduse and transit- or pedestrian-oriented neighborhoods can improve the accessibility to
daily travel destinations and provide more convenient alternative transportation options
(Cervero, 1996; Newman and Kenworthy, 1996). Therefore, people who live or work
in these areas would drive less and travel more by non-motorized modes. In line with
this idea, alternative land use policies, such as the Compact City (in Europe), New
Urbanism and smart growth (in the US) have been proposed worldwide to promote the
compact development of cities and facilitate residents to develop a sustainable travel
pattern.
The formulation and implementation of these transport-related land use policies require
a clear understanding on the relationship between the built environment and people’s
1

Information source: National Bureau of Statistics of China. http://www.stats.gov.cn/.
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daily travel behavior, which received extensive research attention in recent years.
Numerous studies have found that the built environment at residential locations (Ewing
and Cervero, 2010), work locations (e.g. Chatman, 2003; Rahul and Verma, 2017) and
school locations (e.g. McMillan, 2007) has a significant influence on individuals’ travel
choices. Household car ownership level, as a long-term mobility choice, was found to
be a significant predictor of total travel distance (Scheiner, 2010) and travels by
different transport modes (Susilo et al., 2012; Hong et al., 2014). Besides, car ownership
could be a mediator between the residential built environment and travel behavior (Van
Acker and Witlox, 2010; Van de Coevering et al., 2016).
In order to evaluate the independent impact of the built environment on travel behavior
more accurately, researchers have identified and addressed a number of issues that may
bias the estimation of such effect, such as: the different travel impacts of built
environment factors that measured at different geographical scales (e.g. Hong et al.,
2014), the spatial autocorrelation of travel behavior (e.g. Ding and Cao, 2019); the
nonlinear relationship between the built environment and travel (e.g. Ding et al., 2018);
the moderation effect of socio-demographics on this relationship (e.g. Lindelöw et al.,
2017), and the spatial context dependency of this relation (Wang and Zhou, 2017).
Among them, an especially important issue is the residential self-selection phenomenon.
In short, travel-related attitudes may affect short-term travel decisions and long-term
location/mobility choices (e.g. residential location, work location and car ownership)
simultaneously, thus confound the relationships between them (Bagley and Mokhtarian,
2002; Handy et al., 2005). For instance, people preferring public transit tend to live or
work in urban neighborhoods with high-quality transit service and then travel by transit
more often (Olaru et al., 2011; de Abreu e Silva, 2014). Consequently, the causalities
between the built environment and travel behavior would very likely be misestimated
when travel-related attitudes are neglected (Mokhtarian and Cao, 2008; Cao and
Chatman, 2016). Because of this, travel attitudes have been widely addressed in lots of
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literatures examining the impacts of the residential built environment and car ownership
on travel behavior (Cao et al., 2009a).
Despite the research efforts of scholars, empirical findings on the built environment
impact on travel behavior are still inconclusive so far. Although many studies concluded
that the built environment at residential and work locations could influence people’s
travel behavior significantly, the magnitude of such effect varied a lot among different
case studies (Mokhtarian and van Herick, 2016). Besides, some studies found that the
residential self-selection effect contributes to the observed association between the built
environment and travel behavior to a large extent (e.g. Cao and Fan, 2012), while some
other studies reported that the independent impact of the built environment on travel is
the main reason (e.g. Cao et al., 2010). Such inconsistent findings have raised the debate
between scholars with respect to the effectiveness of transport-related land use policies.
For example, Stevens (2017) argued that the role of compact development in reducing
driving is very small, but this argument was challenged by other scholars (Ewing and
Cervero, 2017; Handy, 2017). In such a case, it is difficult for planners to evaluate the
potential of land use policies in shaping citizens’ travel pattern. Therefore, more
research is still needed to provide a clearer and more accurate understanding on the
linkage between the built environment and travel behavior.
The inconclusive findings of existing research on the built environment and travel
behavior may be explained by many reasons, such as the different data sources, samples
and analytical methods used in different studies. However, the underlying theoretical
framework may also be an important reason. This dissertation argues that one
commonly neglected issue in the basic unit of analysis. The majority of previous land
use-transport studies relied on individual-based approaches, assuming that the
individual is the decision-making unit of travel decisions. However, such theoretical
assumption may not always be true because both long-term choices and at least some
short-term travels could be household-level decisions. On the one hand, decisions on
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the residence and private cars, which are shared by all the individuals within the same
household, are typically determined by more than one household members. On the other
hand, some daily travel decisions may involve intra-household interactions, for
examples, household vehicle allocation, task allocation and joint household trips
(Timmermans and Zhang, 2009). Individuals do not always make travel decisions
independently, but rather coordinate their travel choices with other members based on
the travel demands, preferences and constraints of the whole household (Ho and Mulley,
2015a). This is especially the case in China where family value is emphasized and many
decisions in daily life are discussed and made at the household level. For these reasons,
the household rather than the individual might be more appropriate as the analysis unit
of research on the built environment and travel behavior.
Besides taking different household members into consideration, land use-transport
studies should also examine different types of long-term location/mobility choices
jointly. Different long-term choices (such residential and work locations) could be
interdependent because they are decided under the limited resources (e.g. time and
money) of the household, and decisions in one life domain could affect the demand,
ability and options of making choices in other life domains (Zhang and Van Acker,
2017). This means other long-term choices, such as the workplace, could be additional
sources of residential self-selection if they determine residential choice (Zhang, 2014),
or serve as mediators of the impact of the residential built environment on travel
behavior otherwise. However, although literatures on the residential location and travel
behavior are vast, studies regarding other types of long-term choices are much less,
especially for those considering the self-selection effect. Moreover, while a few studies
examined the impacts of both residential and work locations on travel simultaneously,
these two location choices were assumed as independent decisions (e.g. Christiansen et
al., 2017). Considering the close relations among long-term choices, the travel impact
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of the built environment at either the living place or work location would not be fully
captured in such a case.
To summarize, current literatures on the relationships among the built environment,
travel attitudes, and travel behavior are largely constrained to a single individual in the
household (individual-based models) and a single long-term choice (i.e. residential
location). Such incomplete research framework is not fully in line with the real-life
context in which people make travel decisions. Therefore, a more comprehensive
theoretical framework would be much helpful to better understand the travel outcomes
of land use and transport policies.

1.2 Research framework and objectives
Motivated by the research gaps of existing literatures and the necessity of providing
urban planners with more useful advices regarding land use policies, this study aims to
explore the associations among the built environment, travel attitudes, and travel
behavior from a household-based perspective. This dissertation contributes to
literatures from both theoretical and empirical aspects. It proposes a new theoretical
framework that includes different household members and various household long-term
choices (i.e. residential location, work location and car ownership) simultaneously. It
has the potential to revolutionize the current land use-transport studies with a new
household-based research framework. Following this framework, three empirical
studies were conducted in Beijing, China. The findings can help clarify how household
members make their decisions regarding long-term location/mobility choices as well as
daily travels in the Chinese context.
Figure 1.1(a) summarizes the individual-based framework, which is adopted by the
majority of existing land use-transport studies. In general, the built environment at an
individual’s residential and work locations can influence his/her travel behavior both
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directly and indirectly through car ownership2. Meanwhile, decisions on residential and
work locations are influenced by individuals’ travel attitudes and both individual and
household socio-economic factors (i.e. self-selection). Besides, socio-economic factors
can shape the formation of individuals’ attitudes towards travel3.
Figure 1.1 (b) illustrates the proposed household-based analytical framework for land
use-transport research. It differs from the traditional individual-based one from four
aspects: First, considering that both residential/work location and car ownership could
be jointly decided by household members, especially the male and female heads (Maat
et al., 2007; Zhang and Fujiwara, 2009), decisions on these long-term choices are
assumed to be determined by different household members’ socio-economics and travel
attitudes. Second, individuals within the same household do not always make travel
decisions independently, but rather take other members’ travel demands and constraints
into consideration in many cases (Maat and Timmermans, 2009; Scheiner and HolzRau, 2012a). Therefore, it is hypothesized that different household members’ travel
behaviors are influenced by their travel attitudes, location choices and socio-economic
characteristics jointly. Third, because of the interdependencies between different longterm location/mobility choices (Zhang, 2014), each household member’s work location
is treated as interrelated with the household residential location. In such a case, the built
environment at the residential (or work) location may affect household members’ travel
decisions indirectly through the work (or residential) location choice. Fourth, household
members may coordinate their daily travel choices because of the influence of intrahousehold interactions (Wang et al., 2011; Kroesen, 2015). Their travel behaviors are
assumed to be associated with each other. The built environment at both residential and
work locations may thus have an indirect effect on a household member’s travel
behavior via other members’ travel choices.
Car ownership may also be viewed as a socio-economic variable that exogenous to the built environment in some
studies (e.g. Lin et al., 2017).
2

3

Socio-economic factors may also be treated as parallel to travel attitudes in some studies (e.g. Cao and Yang, 2017).
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(a) Individual-based framework

(b) Household-based framework
Figure 1.1 Theoretical framework of land use-transport research: from “individualbased” to “household-based”
In total, the proposed household-based research framework can help understand how
individuals make different long-term choices and short-term travel behaviors in the
context of the household, and better capture the complicated direct and indirect impacts
of the built environment on travel behavior. It should be noted that this framework could

7

be extended by involving more household members like children, as well as by
including other long-term choices, such as the school location. Nevertheless, as an
initial tempt to adopt this research framework in land use-transport studies, the
following empirical studies in this dissertation focus on two household heads and three
types of long-term choices, including the residential location, the work location and car
ownership. Specifically, this dissertation concentrates on the following four main
research objectives:
1. To explore the role of different household members’ travel attitudes in multiple
long-term location/mobility choices (residence, workplace and car ownership).
2. To clarify the interdependency between different long-term choices (i.e. residential
and work locations) and how it influences the built environment-travel relationship.
3. To investigate how household members’ travel attitudes and long-term choices
shape their daily travel choices.
4. To examine the association between different household members’ travel behaviors
and its influence on the built environment impact on travel.

1.3 Thesis overview
To achieve the above-mentioned research goals, the dissertation is structured as follows.
The next chapter presents a review of studies on the built environment, travel attitudes,
and travel behavior, as well as studies addressing intra-household interactions in travel
choices. This review helps clarify the theoretical framework of existing land usetransport research and justify the necessity and significance of exploring the
relationships among the built environment, travel attitudes, and travel behavior from a
household-based perspective.
Because the proposed research framework is rather complex, it is difficult for a single
research to address all the issues described above. The thesis includes three case studies,
each of them addresses one or two research objectives. Chapter 3 focuses on the first
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research question. It examines the self-selection issues concerning residential location
choice and car ownership decision from the perspective of household, by incorporating
the travel attitudes and travel behaviors of two household heads into an integrated selfselection framework. Structural equation models are estimated based on data from a
household activity-travel diary survey in 2016 in Beijing, China. The modelling results
verify that residential and car ownership self-selections are joint household-level
decisions, and different household members’ attitudes play different roles in them.
Besides the residential location and car ownership, self-selection may also exist in other
long-term choices, such as the work location. Using the data in Beijing, China, chapter
4 explores this issue by estimating the influence of travel attitudes on the residential
location, work location, commuting distance, and car ownership simultaneously. In
particular, it considers the bidirectional relationship between the residential choice and
workplace choice, and tries to clarify the sequential structure between them by a
comparative analysis. It also examines whether and how the residential (or work)
location mediates the impact of the built environment at the work (or residential)
location on travel behavior. The results of this case study can help understand the second
research question.
Although chapter 4 examines the travel impact of the built environment at both living
and working places, it takes the individual as the unit of analysis. Chapter 5 is an
empirical study adopting a more integrated household-based framework. Based on the
above two case studies, it investigates how decisions on the residential location, work
location and car ownership are influenced by household members’ travel attitudes as
well as socio-economics, and how these long-term choices influence different
household members’ travel behaviors (i.e. the third research question). Moreover, this
research examines the interrelationship between two household heads’ travel behaviors
by non-recursive structural equation models. The modelling results can help answer the
fourth research question.
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These three empirical studies in together cover all the research objectives, and provide
a full picture of household-based land use-transport research. The final chapter presents
a summary of this dissertation. It summarizes the limitations of this study and identifies
possible extensions for future land use-transport studies from a household-based
perspective. This chapter also discusses some interesting findings in the context of
China, and provides policy implications for future urban planners.
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Chapter 2 The built environment, travel attitudes,
and travel behavior: literature review4
This chapter reviews the recent studies on the built environment, travel attitudes, and
travel behavior to present an overall picture of current research status and justifications
for this study. Because this thesis contributes to literatures primarily by applying a new
theoretical research framework, this chapter focuses on clarifying the complicated
relationships among the built environment, travel attitudes, and travel behavior, rather
than summarizing the empirical findings of previous studies.

2.1 The impact of the built environment on travel behavior
Travel behavior could be the outcome of many influence factors. The socio-ecological
framework has been used to theorize these influence factors into five interrelated levels:
intrapersonal (personal socio-economic and psychological factors), interpersonal (e.g.
social support), institutional/organizational (e.g. work characteristics), community (e.g.
residential built environment) and public policy (Stokols, 1996; Boone-Heinonen et al.,
2011). Compared with other factors such as personal socio-demographics, the built
environment at people’s living and working places are more easily to be changed. Thus,
adapting the built environment in urban areas is considered as a practical way to modify
citizens’ travel patterns by urban planners.
A great number of empirical studies have examined the effect of the built environment
on individuals’ travel behavior. The built environment was conventionally measured by
the “5Ds”, namely, density, diversity, design, destination accessibility and distance to
transit (Ewing and Cervero, 2001). Demand management (such as parking supply and
cost) was examined in some studies as a sixth D of the built environment measures
recently (e.g. Christiansen et al., 2017). Theoretically, built environment characteristics
Part of this chapter has been published. Please refer to: Guan, X., Wang, D., & Jason Cao, X. (2019). The role of
residential self-selection in land use-travel research: a review of recent findings. Transport Reviews, 1-21.
4
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around the living and working areas determine the available travel destinations and
modes, travel costs (time, money and psychological stress), and travel experience for
residents. It can thus influence people’s travel behaviors, which are typically measured
by several dimensions, including travel mode choice, travel frequency, travel distance,
travel duration, and trip chains.
Studies have shown that the residential built environment can influence travel behavior
significantly. The general finding is that dense, mixed-use and transit-oriented
development can reduce the car usage, and encourage non-motorized trips (Saelens and
Handy 2008; Gim, 2012; Salon et al., 2012). Based on the meta-analysis of Ewing and
Cervero (2010), destination accessibility measures of the residential built environment,
especially job accessibility and the distance (from home) to downtown, have the
greatest influence on driving behavior. Design and diversity dimensions of the
residential built environment (e.g. jobs-housing balance) have the largest effects on
walking behavior, while distance to transit affects transit use substantially.
The built environment of work locations also plays an important role in people’s travel
decisions (Chatman, 2003; de Abreu e Silva et al., 2006). Compact urban forms at the
work location can discourage workers’ car use effectively (Frank et al., 2008; Rahul
and Verma, 2017). Some studies even found that land use at the workplace is more
important than that at the residential location in reducing auto trips (e.g. Christiansen et
al., 2017; Zhu et al., 2019). Meanwhile, the built environment of school locations also
receives research attentions. Studies have suggested that the distance from home to
school (Yu and Zhu, 2015), the street design of the route to school (Mitra and Buliung,
2014) and land use characteristics at school locations (McMillan, 2007) all have
significant effects on children’s mode choice of school travels.
Researchers have identified a series of issues that may influence the estimation result
of the built environment impact on travel behavior. First, the modifiable areal unit
problem (MAUP), which suggests that the results of analyzing spatially aggregated data
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are determined by the definition of the spatial units for reporting the data (Fotheringham,
Brunsdon & Charlton, 2000). This means the effect of the same built environment factor
on travel behavior could be different when it is measured at different levels of spatial
scales (Ewing et al., 2015). As an example, Guo and Bhat (2007) employed a multiscale logit mode to examine three different scales of measurement of built environment
variables on travel behavior. They found that certain variables were only significant at
certain geographical scales. Boarnet (2011) compared studies on land use and vehicle
miles driven (VMT) and concluded that built environment factors (e.g. access to
employment) measured at the regional level usually had a stronger association with
travel behavior than those measured at the neighborhood level.
Second, spatial dependency (also refers as spatial autocorrelation), which suggests that
travel choices of households or individuals within the same zone tend to be associated
because of unobserved locational effects. Such locational effects may due to
unobserved natural environment, land use attributes, and mobility culture of the zone,
or common unobserved socio-demographic factors of individuals living in the same
area (Jones and Bullen, 1994). In such as case, the most widely used multiple linear
regression in land use-transport research may result in biased estimates. Some studies
have applied spatial regression models (e.g. Hong et al., 2014) or multi-level models
(Antipova et al., 2011; Zhang et al., 2012; Clark et al., 2014; Ding and Cao, 2019) to
address the spatial dependency in the land use-transport relationship.
Another issue is spatial heterogeneity. This issue suggests that the relationship between
the built environment and travel behavior could be different across spatial units in the
same study region because of location-specific effects (Bhat and Zhao, 2002). If so,
estimation results of the built environment effect on travel behavior at a macro spatial
scale (e.g. a city) cannot be generalized to a specific micro area (e.g. a neighborhood)
within the study region. To address this problem, a few studies have employed
geographical weighted regression (GWR) to examine the effect of land use factors on
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travel behavior (e.g. Paez, 2006; Du and Mulley, 2012; Nowrouzian and Srinivasan,
2013).
Moreover, scholars also found that the linkage between the built environment and travel
behavior varies across different spatial contexts. Such heterogeneity of the land use
impact on travel could exist at different spatial scales, such as among different countries
(Aditjandra et al., 2012; Wang and Zhou, 2017), different cities (e.g. Næss et al., 2017,
2019), urban versus rural areas in a city (e.g. Stewart et al., 2016), as well as different
types pf neighborhoods (e.g. Shen et al., 2015). As an example, Næss et al. (2017) found
that population density and job density have impacts on driving distance in a
monocentric city (Greater Oslo) but not in a polycentric city (Greater Stavanger) in
Norway. Meanwhile, though receiving less research attention, temporal variation of the
land use-transport relationship was also found in a few papers. The built environment
shows different influences on travel behavior between weekdays and weekends (Næss
et al., 2017; Ding et al., 2018).
Similarly, the influence of the built environment on travel could vary across different
population groups. For instance, Wang and Cao (2017) found that population density
and destination accessibility have significant effects on the travel time and frequency
of private housing residents in Hong Kong, but this is not the case for dwellers from
public housing. Based on a resident travel survey in Nanjing, Yang et al. (2017)
concluded that built environment factors have less influences on household heads than
on other household members. Socio-demographic factors, such as age and gender, can
also moderate the influence of the built environment on travel behavior (e.g. BooneHeinonen and Gordon-Larsen, 2011; Christiansen et al. 2014). A few studies have
examined the moderation effect of socio-demographics on the built environment-travel
behavior relation by incorporating their interaction terms into regression models (e.g.
Lindelöw et al., 2017). In total, the heterogeneity of the land use-transport relationship
among different spatial locations, moments and population groups makes it difficult to

14

draw a generalized conclusion in studies on the built environment and travel behavior.
Besides, a few researchers have noticed that the effect of the built environment on travel
might be nonlinear. Hong (2017) examined the nonlinear effect of population density
on transportation emissions by including the quadratic forms of density or five subgroups of density into regression models. He found that population density reduces
emission, but the effect is non-linear and becomes weaker when density increases. Ding
et al. (2018) also confirmed the non-linear relationship between the built environment
and travel behavior using gradient boosting decision trees. These studies challenge the
linearity assumption in most of the land use-transport literature.
Finally, some scholars have commented that the built environment can affect travel
behavior indirectly through by determining car ownership decisions (Van Acker and
Witlox, 2010). Residents in compact, mixed-use and transit-oriented neighborhoods
tend to own fewer private cars, and thus drive less than others. The ignorance of car
ownership as a mediator will very likely lead to an overestimation of the effect of built
environment factors on travel behavior. Studies usually adopted structure equation
models (SEM) to address the mediating effect of car ownership in the association
between the built environment and travel behavior (e.g. Cao and Yang, 2017; Ding et
al., 2017). Because of this issue, in the following case studies, car ownership is
considered as a variable that mediates the land use-transport relationship, rather than an
exogeneous household socio-economic variable.
Taking these issues into consideration, researchers have continuously investigated the
impact of the built environment on travel behavior over decades. However, the results
are still inconsistent. Some studies found that the effect of built environment
characteristics has no or little significance (Boarnet and Sarmiento, 1998; Krizek and
Waddell, 2002; Pinjari et al., 2009) while other articles reported moderate to strong
significance (Kitamura et al., 1997; Bagley and Mokhtarian, 2002; Lin et al., 2017).
Moreover, the magnitude of the effect of built environment variables varied to a large
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extent among different studies (Cervero and Kockelman, 1997; Ewing and Cervero,
2010; Stevens, 2017). One important reason of the inconclusive findings is the
ignorance of personal psychological characteristics, such as attitudes towards different
transportation modes. Travel-related attitudes not only affect travel choices directly, but
also influence how people change their travel behaviors in response to transport-related
land use policies. In order to evaluate the usefulness of urban planning policies in
reducing driving correctly, the role of travel attitudes in land use-transport relationships
becomes a hotspot of research gradually during the last two decades, as illustrated in
the following section.

2.2 The role of travel attitudes in land use-transport relations
Besides the built environment, people’s travel choices are also determined by their
psychological characteristics, such as values, norms, lifestyle, personality and attitudes.
Among them, travel attitudes receive most research attention recently because they can
affect the estimation of the built environment impact on travel behavior from different
ways. This chapter reviews the roles of travel attitudes in land use-transport research.
Table A.1 in the Appendix summarizes the studies on the built environment, travel
attitudes, and travel behavior in the last decade.

2.2.1 The influence of travel attitudes on travel behavior
Travel attitudes can affect travel behavior directly as a type of personal psychological
factors. Attitude was generally defined as the “evaluative response to some stimuli
(issues, objects or persons) which influences the individual’s behavior” (Eagly and
Chaiken, 1993; Gärling et al., 1998; Van Acker et al., 2010). Three aspects of attitude
could be distinguished: an affective aspect (e.g. I love driving), a cognitive aspect (e.g.
driving is more convenient than walking) as well as a behavioral aspect (I would like
to commute by car). The relationship between attitude and behavior has long been
examined in social psychology, and in the field of travel behavior research, Theory of
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Planned Behavior (TPB) proposed by Ajzen (1991) is probably the most famous social
psychology theory that been used to explain the influence of travel attitudes on travel
behavior (Bohte et al., 2009). According to the TPB, (travel) behavior is determined by
three types of beliefs, including attitudes toward the behavior, subjective norms (social
pressure to perform the behavior) and perceived behavior control (the perceived ability
to achieve the behavior). All these three beliefs influence the travel decision indirectly
through intention, and the final travel behavior is also constrained by actual behavior
control (e.g. necessary skills and knowledge). As shown in Figure 2.1, compared with
other psychological factors, travel attitudes might be understood as medium-term
factors, which affect short-term intentions of certain travel decision (Abrahamse et al.,
2009; Fu and Farber, 2017), and guided by long-term personal values (Paulssen et al.,
2014), norms, beliefs and lifestyle (Scheiner, 2010; Van Acker et al., 2011, 2014).

Figure 2.1 The effect of travel attitudes on travel behavior
It should be noted that travel attitudes can only explain reasoned travel behavior that
results from rational decisions, while travel behavior may also contain unreasoned
components (Gärling and Axhausen, 2003). The theory of “mobility biographies”
suggests that daily travel decisions are habitual without conscious considerations in
most time over the life course (Lanzendorf, 2003; Chatterjee and Scheiner, 2015). A
few studies have introduced the Theory of Repeated Behavior (TRB) to explain
unreasoned behavior, which demonstrates that behavior becomes a habit and is no
longer decided based on attitude once it is formed and repeated (Ronis et al., 1989).
Therefore, travel attitudes and habits play complementary roles in predicting travel
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decisions (Bamberg et al., 2003; Van Acker et al., 2010). This research focuses on the
reasoned component of travel decisions, which is determined by travel attitudes.
The commonly-used attitudinal factors in land use-transport studies include attitudes
toward travel in general (e.g. travel-liking attitude), certain travel mode (e.g. preference
for driving), travel-related policies (e.g. attitude toward raising gas prices), and
residential neighborhood environments (i.e. residential preferences). These variables
constitute the foundation of measures of travel attitudes in land use-transport research.
Numerous empirical studies have confirmed the significant effect of attitude variables
on travel behavior (Bohte et al., 2009; Cao et al., 2009a). Not surprisingly, individuals
who like travelling usually have a longer travel time than others (De Vos and Witlox,
2016), and those preferring a certain transport mode (e.g. car) tend to travel by that
mode more frequently than their counterparts (Schoner and Cao, 2014).

2.2.2 Residential self-selection
What makes travel attitudes become more popular in transport research is the residential
self-selection (also refers as residential sorting) phenomenon. Residential self-selection
refers to “the tendency of people to choose locations based on their travel needs,
abilities and preferences” (Litman, 2005, p. 6), and generally results from two sources:
socio-demographic traits and attitudes (Mokhtarian and Cao, 2008). As an example,
individuals who prefer commuting by transit tend to live closer to transit stations and
use transit more often (Olaru et al., 2011). If so, the observed correlation between the
built environment and travel behavior is at least partly attributed to travel attitudes. In
other words, the causal impact of built environment factors on travel behavior may be
misestimated when the confounding effect of travel attitudes is neglected (Handy et al.,
2005; Mokhtarian and Cao, 2008).
To date, a series of methodologies have been developed to address the residential selfselection effect in land use-travel research (Mokhtarian and Cao, 2008), including direct
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questioning (e.g. Humphreys and Ahern, 2019), statistical control (e.g. Cao et al.,
2009b), instrumental variables models (e.g. Hong and Shen, 2013), sample selection
models (e.g. Khattak and Rodriguez, 2005), propensity score models (e.g. Cao, 2010),
joint discrete choice models (Bhat and Guo, 2007; Pinjari et al., 2009), structural
equation models (Bagley and Mokhtarian, 2002; Scheiner, 2010), longitudinal designs
(e.g. Handy et al., 2005; Cao et al., 2007; Aditjandra et al., 2012).
Adopting these approaches, scholars have investigated residential self-selection in the
relationship between the built environment and travel behavior in a wide range of
spatial contexts, including developed countries like Australia (Kamruzzaman et al.,
2015a), Belgium (De Vos and Witlox, 2016), Canada (Manaugh and El-Geneidy, 2015),
Denmark (Christiansen et al., 2014), Finland (Haybatollahi et al., 2015), Germany
(Scheiner, 2010), Japan (Parady et al., 2015), the Netherlands (Ettema and Nieuwenhuis,
2017), Norway (Wolday et al., 2018), Portugal (de Abreu e Silva, 2014), the UK (Susilo
and Liu, 2016), and the US (Cao, 2015a), as well as fast-growing developing countries
like China (Cao and Yang, 2017; Lin et al., 2017) and Vietnam (Tran et al., 2016).
Besides the commonly-used attitudinal factors (as illustrated in section 2.2.1), some
other psychological factors have also been examined in residential self-selection studies.
1) Reasons for residential choice. Travel attitudes and residential preferences may not
always be the real motivations for residential choice because people may prioritize other
factors (e.g. housing price/quality) in deciding where to live. Alternatively, some studies
included reasons for residential choice as attitudinal factors (e.g. Chatman, 2009; GilesCorti et al., 2013). These reasons represent trade-off outcomes between travel-related
factors and non-travel factors, i.e., the most important motivations for residential choice.
The literature showed that they have an independent effect on travel behavior (Ettema
and Nieuwenhuis, 2017).
2) Lifestyle and values. They represent individuals’ predispositions toward life, which
determine the formation of travel-related attitudes as well as location and travel choices
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(e.g. Paulssen et al., 2014; Van Acker et al., 2014). Residential self-selection studies
have examined either subjective components (e.g. the preference for getting a leading
job position in Scheiner, 2010) or objective components (e.g. holiday activities and
literary interests in Bagley and Mokhtarian, 2002) of lifestyle. The latter reflect the
behavioral expression of lifestyle and might be endogenous to BE (EtminaniGhasrodashti and Ardeshiri, 2015).
3) Urban mobility cultures. The term “mobility cultures” includes both objective
components (e.g. urban form and transport service) and subjective components (e.g.
lifestyle of a city’s population as a whole). A few studies found the significant impact
of urban mobility cultures on travel behavior (Klinger and Lanzendorf, 2016). Such
result suggests that attitudinal factors may influence people’s travel-related decisions
at both individual and interpersonal levels. The aggregated attitudes at macro spatial
scales might have additional effects (besides personal attitudes) on both residential and
travel choices.
However, there is no consensus on the existence, magnitude, and direction of the
residential self-selection bias. Most residential self-selection studies substantiated its
existence. A few qualitative studies suggested that people value travel-related attributes
in residential choice (e.g. Hammond, 2005; Li, 2018). For example, Humphreys and
Ahern (2019) found that 68-70% of respondents in a travel survey in Ireland have
intended travel modes before relocation and half of them took the modal intention as a
priority in residential choice. Most quantitative studies found that travel attitudes have
significant effects on both the built environment and travel behavior, and the inclusion
of attitudes in the models tends to attenuate the influence of the built environment on
travel behavior. However, some quantitative studies also concluded that residential selfselection has limited or no effects (Bhat and Guo, 2007; Scheiner, 2010; Joh et al., 2012;
Giles-Corti et al., 2013; van de Coevering et al., 2016; Wang and Lin, 2019).
Land use factors have an independent impact on travel behavior in almost all the studies
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considering the residential self-selection effect (one exception is Morckel, 2016).
Numerous cross-sectional studies have reported significant built environment effect on
travel after controlling for travel attitudes. A number of quasi-longitudinal studies also
emerged recently and provided more robust causal evidence on the adaption in travel
behavior to changes in the built environment (Aditjandra et al., 2012, 2016; Giles-Corti
et al., 2013; Scheiner and Holz-Rau, 2013; Cao and Cao 2014; Cao, 2015a; Clark et al.,
2016; Næss et al., 2017). However, quasi-longitudinal studies often have limited
information on prior travel attitudes. Residential self-selection may thus not be fully
controlled for because the changes of the built environmentt might be endogenous to
the (unobserved) changes of travel attitudes before relocation (Mokhtarian and Cao,
2008). Nevertheless, panel data are still scarce in residential self-selection studies
(Kamruzzaman et al., 2016; van de Coevering et al., 2016; Wang and Lin, 2019),
probably because they are cost-prohibitive and time-consuming.
Because both the built environment and residential self-selection matter to travel
choices, some studies quantified the proportions of the real built environment effect and
the residential self-selection effect. Mokhtarian and van Herick (2016) conducted an
excellent review on the proportions of the real built environment effect. The findings
are inconclusive, however. The estimated proportion of the total apparent built
environment effect on travel that is due to the built environment itself varies from 34%
(Cao and Fan, 2012) to 98% (Cao et al., 2010) across different studies. It also differs
for different travel behavior variables in the same study; for example, Cao and Fan
(2012) concluded that the proportion of the real built environment effect is 34% for
driving time and 72% for driving distance.
Neglecting residential self-selection may misestimate built environment impacts on
travel behavior in both directions. Although it is commonly believed that overlooking
residential self-selection overstates the built environment impact (Bohte et al., 2009),
at least nine studies found evidence of underestimation (Pinjari et al., 2008; Chatman,
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2009; Van Acker et al., 2011; Cao and Schoner, 2014; Wang and Cao, 2014; Park et al.,
2017; Yang et al., 2017; Liu et al., 2018; Wolday et al., 2019). A possible reason for the
underestimation is that there are more dissonants (i.e. whose preferred and actual
residential neighborhoods are mismatched) than consonants (i.e. whose preferred and
actual residential neighborhoods are matched) in the sample examined (Bagley and
Mokhtarian, 2002; Næss, 2009; Cao and Chatman, 2016).
The inconclusive findings are partially attributed to the heterogeneity of residential selfselection. Associations among attitudes, the built environment, and travel behavior may
differ across locations, population segments, and even household members. It is worth
noting that in developing countries (e.g. China), residential self-selection is largely
constrained due to the low car ownership level, high housing price in the city center,
the uniqueness of housing system, and people’s residential preferences (see Wang and
Lin, 2014). Another important reason could be the incomplete understanding on the
nature of residential choice in residential self-selection studies. All in all, more research
is needed to clarify the effects of the built environment and residential self-selection on
travel behavior.

2.2.3 Interaction effect between attitudes and the built environment on
travel behavior5
Beside the confounding effect, travel attitudes may also moderate the influence of the
built environment on travel behavior. In other words, travelers’ responses to land use
attributes may vary among those with heterogeneous travel attitudes (Chatman, 2009,
2014). To examine the interaction effect between the built environment and travel
attitudes, some researchers developed separate models for subsamples, which were
partitioned based on travel attitudes (or neighborhood type), and compared the
Although the linkages introduced in sections 2.2.3 and 2.2.4 are not the focus of this thesis, a brief review on these
linkages is still given here to provide a full picture of previous studies on the built environment, travel attitudes, and
travel behavior.
5
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coefficients of the built environment (or travel attitudes) in these separate models6. For
example, Manaugh and El-Geneidy (2015) clustered commuters in Montreal, Canada
into seven categories based on the relative importance of travel attitudes in residential
choice. They found that people who considered attitudes important was more sensitive
to land use changes than those who were indifferent to the attitudes. These comparative
analyses support that the association between the built environment (travel attitudes)
and travel varies across people with heterogeneous attitudes (residential locations).
Another way is to include the interaction term between travel attitudes and the built
environment into the travel behavior equation. Schwanen and Mokhtarian (2005a,
2005b) used residential dissonance indicators to represent interaction terms and showed
that they have significant impacts on mode choice and travel distance. Then, various
types of interaction terms were created in residential self-selection studies. Generally,
these studies divided residential neighborhoods into two types (urban vs. suburban, or
transit-oriented development areas vs. others) and then interacted them with binary
(Norman et al., 2013; Cho and Rodríguez, 2014; Kamruzzaman et al., 2015b) or
continuous (Adijandra et al., 2013; Cao, 2015b; Huang et al., 2016; Lindelöw et al.,
2017) attitudinal factors. Few studies examined the interaction terms based on
continuous land use variables, however (Zhang and Zhang, 2018). An exception is
Haybatollahi et al. (2015), who classified inhabitants in Tampere, Finland into three
clusters based on their residential preferences, and then included the interaction terms
between the “clusters” and continuous land use elements in mode choice models. All
these interaction analyses substantiated that attitudes interact with the built environment
in predicting various dimensions of travel behavior.

More studies used attitudes to divide the sample (Chatman, 2009; Næss, 2009; Joh et al., 2012), but Kamruzzaman
et al. (2013) is an exception.
6
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Figure 2.2 General findings of the interaction effects between travel attitudes and the
built environment on travel behaviors
As shown in Figure 2.2, travel attitudes generally have a larger impact on auto travels
in urban (than suburban) areas, but a smaller effect on transit trips in transit-oriented
(than non-transit-oriented) neighborhoods7. However, walking/cycling–related studies
are inconsistent. Some studies found that people who like walking are more sensitive
to BE than those who dislike walking (e.g. Cho and Rodriguez, 2014), but others
reported the opposite finding (e.g. Norman et al., 2013).

2.2.4 Feedback effect of the built environment on travel attitudes
Travel attitudes may also be affected by the built environment or travel behavior
(Mokhtarian and Cao, 2008; Bohte et al., 2009; Næss, 2009). Residents may adjust their
travel attitudes, due to the well-recognized “cognitive dissonance” (Festinger, 1957), to
reduce psychological stress resulting from the inconsistency between prepositioned
travel preferences and actual travel behavior (Chatman, 2009).
Researchers have examined the endogeneity of travel attitudes in different ways. First,
several empirical studies showed the reciprocal relationships between travel attitudes
and the built environment/travel behavior using cross-sectional data. Two studies (de
Abreu e Silva 2014; Ewing et al., 2016) employed recursive SEM models to explore

Most studies support this conclusion except two studies that relied on descriptive analysis (Frank et al., 2007, for
auto trips; Wolday et al., 2018, for transit trips).
7
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the direction of the influence between attitudes and the built environment by comparing
two separate recursive SEMs, one for the effect of attitudes on the built environment
and the other for the reverse. These studies reported that both influences are significant.
Other scholars examined such bidirectional associations using non-recursive SEMs.
Bagley and Mokhtarian (2002) found that travel attitudes and travel behavior were
mutually reinforced but this was not the case for attitudes and the built environment.
Van Acker et al. (2014) supported that the built environment significantly impacted
attitudes, and this effect was greater than the reverse one. However, when the influences
of both directions are plausible theoretically, it is hard to disentangle them and clarify
which one is more responsible for the observed correlations. Lin et al. (2017) overcame
this drawback through a natural experiment. They divided the residents in Beijing,
China into two groups based on whether they can self-select their housing. The built
environment showed a significant impact on attitudes of those who cannot self-select.
Second, some studies used longitudinal data to analyze the endogeneity of travel
attitudes. Researchers measured travel attitudes at two waves in longitudinal surveys
and incorporated them in the analysis. Some studies provided descriptive evidence on
the endogeneity of attitudes. Abou-Zeid et al. (2012) found that attitudes toward public
transport of habitual car commuters in Switzerland became more negative after being
required to commute by transit temporarily. Næss (2014) observed that “car-loving”
residents of the Oslo Metropolitan Area became more positive about public transport,
rather than moving exurban areas, after experiencing a densification of the urban
environment. Statistical evidence with before-after attitude measures emerges recently.
Several scholars adopted the Cross Lagged Panel Model to examine the effect of prior
built environments on later attitudes and that of prior attitudes on later built
environment simultaneously (van de Coevering et al., 2016; Wang and Lin, 2019), and
found only the influence of land use on attitudes. Using the same method, Kroesen et
al. (2017) found that the influence of prior travel distance by mode on later attitudes
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was stronger than the effect of prior attitudes on later travel distance. Some recent
studies based on latent transition models suggested that people are more likely to adjust
attitudes rather than travel behavior (or residential location) when there is a mismatch
between them (Kroesen et al., 2017; van de Coevering et al., 2018).
Finally, a few studies provided qualitative evidence on the feedback influences of the
built environment and travel behavior on travel attitudes by in-depth interviews (e.g.
Wolday et al., 2019). Jones and Ogilvie (2012) found that some participants in the city
of Cambridge, UK began commuting by active modes after residential or employment
relocation and intended to maintain this travel pattern in their future residential choice
because of health benefits. Lee et al. (2015) reported that past travel experiences
(crashes and incidents) affected the formation of bicycling attitudes in Davis, US.

2.3 Intra-household interactions in transport research
To date, the vast majority of land use-transport studies commonly consider individuals
as the decision-making unit. However, both long-term choices and short-term travel
decisions could not be viewed as individualistic and isolated, but should rather be
understood in a wide context of social relations and environment (Axhausen, 2005;
Goetzke et al., 2015). Due to this, social interactions were brought into transportation
research in recent years. Intra-household interactions, which is the core of an
individual’s social relations, receives lots of research attentions recently. In fact,
residential location, car ownership and at least some types of travels are householdlevel decisions jointly made by household members (Miller, 2009; Ho and Mulley,
2015a). This chapter reviews recent transport studies that considering intra-household
interactions, in either long-term choices or daily travel behavior.

2.3.1 Intra-household interactions in long-term choices
The role of intra-household interactions in long-term choices has long been researched,
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but relevant empirical studies are still limited. Some early studies have indicated the
existence of joint household decisions in residential location choice. Timmermans et al.
(1992) employed a hierarchical information integration method to examine the
importance of land use attributes in residential location choices for 95 partners in the
Netherlands. The results showed that attributes were weighted differently when
evaluated by one’s own or the couples jointly and the job situation of partners was more
heavily considered in the joint decision-making stage. In a household survey in Seattle,
US, Clark et al. (2003) found that the average commute distance of one-earner
households was significantly shorter than that of dual-earner households. Their
explanation was that families try to balance the commute distances of workers in the
same household when relocating home. Besides, based on data from 2001 American
Housing Survey (AHS), Plaut (2006) concluded that the commuting distances of male
and female workers in dual-earner households are positively correlated.
Several studies have employed the group choice models to address intra-household
interactions in residential location choice and household choice utility is defined as a
combination of each household members’ utilities. Based on this method, Abraham and
Hunt (1997) found that the travel demand of female heads was more important than that
of male heads in the choices of residence and workplace in Calgary, Canada, and age
did not affect members’ relative importance in household decision-making. However,
the study by Zhang and Fujiwara (2009) revealed that husbands had relatively greater
decision power than wives in residential choice in Hiroshima, Japan and members’
relative influence also grew with age. These studies revealed various intra-household
power relations in different cultural contexts.
Car ownership and transaction behaviors have also been examined from the household
decision-making perspective in a few studies. Using logit discrete choice models, Maat
et al. (2007) concluded that work environments and characteristics of both partners
influenced household car ownership. In particular, dual-earner households tended to
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buy a second car when the female head’s working time is long. Zhang et al. (2007, 2009)
analyzed household vehicle type choice by developing group decision models. The
modeling results revealed the significance of intra-household interactions in vehicle
type choice and the relative weights of household members, which were dependent on
personal characteristics (e.g. age and job status). Roorda et al. (2009) measured travel
“stress” by the conflicts among various household members in car allocation. Adopting
agent-based simulation, they found that such travel stress (which captures intrahousehold interactions) had moderate influence on both household vehicle transaction
and vehicle type decisions. Very recently, Yao et al. (2017) applied the Nash bargaining
approach to model household car ownership decisions constrained by both time and
monetary budgets. The results suggested that the time saved by owning private cars
mattered slightly more for wives than husbands in household car ownership decisions.

2.3.2 Intra-household interactions in travel behavior
Intra-household interactions exist not only in long-term choices, but also in daily travel
decisions. Household members distribute the household resources and tasks among
each other and coordinate their daily activities and trips. Therefore, individuals’ travel
choices are not necessarily decided independently, but rather in the knowledge of other
members’ travel needs, preferences and constraints (Timmermans and Zhang, 2009).
Transport research has explored intra-household interactions in activity and travel
behavior from different aspects. Many studies investigated the time and task (e.g.
maintenance activities) allocation among household members. Zhang et al. (2005)
simulated the household time allocation based on the random utility maximization
framework. They defined the household utility as a function of each member’s utility,
which is determined by their socio-economic attributes and time constraints. Following
this framework, scholars further incorporated the vehicle (Srinivasan and Athuru, 2005)
and monetary constraints (e.g. Kato and Matsumoto, 2009; Wang and Li, 2009) into the
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household time/task allocation models. Based on regression analysis and qualitative
interview, Schwanen (2007) found that household task allocation (chauffeuring children)
depends on household structure as well as household members’ employment and
commuting characteristics. Some studies also found the significant impact of land use
factors on household time (e.g. Ettema et al., 2007; Ettema and van der Lippe, 2009)
and task allocation (e.g. Schwanen et al., 2007; Hjorthol and Vågane, 2014). For
example, it was reported that women in the households living in low-density areas tend
to have fewer working hours and carry more responsibility for maintenance activities
(e.g. shopping) than their counterparts (Schwanen et al., 2007; Hjorthol and Vågane,
2014).
The allocation of private cars among household members has also been explored in a
few studies. Some early research used micro-simulation techniques to model the vehicle
allocation in the household (Miller et al., 2005; Roorda et al., 2006). They assumed that
when there exists a conflict among household members in car use, the person who
suffers the greatest loss of utility by using alternative modes will use the private car.
More recently, Maat and Timmermans (2009) analyzed the effects of partners’ work
environments and employment characteristics on car allocation based on a sample of
222 one-car dual-earner households in the Netherlands. They found that the individual
with longer commuting distance and lower density work environment was more likely
to use the only household car. Similarly, Anggraini et al. (2008, 2012) investigated the
car allocation rules in car-deficient households for both work and non-work tours using
a decision tree induction method. The results indicated that land use at household
members’ workplaces have a greater impact than socio-demographics on car allocation,
and males exert more influences on distributing the car than females. Using the German
Mobility Panel data, Scheiner and Holz-Rau (2012a, 2012b) also found that an
individual’s car usage is affected by the differences in socio-demographics, work
environment and daily activity patterns between partners.
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Many other studies modelled the participation and arrangement of joint household
activities/travels. The general finding is that joint household travel decisions are
determined by the household (e.g. car ownership) and individual socio-economic
characteristics (e.g. age and the presence of children) (Scott and Kanaroglou, 2002; Ho
and Mulley, 2013), trip purpose (Ho and Mulley, 2013), as well as the time
synchronization (Yarlagadda and Srinivasan, 2008) and spatial separation (Gliebe and
Koppelman, 2005; Vovsha and Petersen, 2005) of household members’ activities. The
built environment also has a significant impact on joint household travel decisions. For
example, Fan and Khattak (2009) found that the proximity to parks leads to more joint
out-of-home recreation trips. The study of Ho and Mulley (2015b) showed that good
rail coverage at the travel destinations encourages households to take public transport
for their joint out-of-home travels. Besides, Lin and Wang (2014) examined the effect
of social network attributes on joint household travels. Their study revealed that
individuals who took family members as the primary source of emotional support tend
to undertake more joint household trips than others.
Scholars have also found that family members may coordinate the generation and
schedule of daily activities to improve the overall household utility. Srinivasan and Bhat
(2006) developed a multiple discrete–continuous extreme value model to study the
discretionary activity participation of 5381 married couples in the USA. They captured
the trade-offs between partners by an error correlation structure, and the results support
that two members’ activity patterns are interdependent. Some other studies also
confirmed that the participation of daily activities (e.g. Golob and McNally, 1997;
Schwanen et al., 2007) of one household member can significantly influence that of
his/her partner. A few studies have modelled the generation (Arentze and Timmermans,
2009), duration (Bhat et al., 2012) as well as schedule (Meister et al., 2005) of
household activities by micro-simulation techniques, considering the group decisionmaking of different household members by a household-utility function. Intra-
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household interactions were justified in all these studies. Besides, Gupta and Vovsha
(2013) found that multiple workers in the same household tend to coordinate their
schedules of work tours to obtain longer time overlaps.
Notably, a few researchers have tried to investigate different types of intra-household
interactions simultaneously using nested models. For example, Miller et al. (2005) and
Rooda et al. (2006) modeled the car allocation between partners at first and then joint
household travels (i.e. ride-sharing or not). In contrast, Srinivasan and Athuru (2005)
modelled the household decision on joint (or solo) maintenance activity initially and
then the allocation of maintenance activity between partners (if it is a solo activity).
All the above-mentioned intra-household interactions are based on joint household
decisions. However, a recent research of Kroesen (2015) argued that, besides joint
household decisions like the car/task allocation and joint travels, partners may also
influence each other’s travel behavior through social norms. Applying the latent class
transition models, he found that one’s travel mode choice pattern (as an objective
indicator of social norms) significantly influences the transition of his/her couple’s
modal choice, which indicates a socialization process at the household level (Scheiner,
2018).

2.4 Summary
In sum, as literatures on the built environment, travel attitudes, and travel behavior
proliferated during the past decades, scholars have a better understanding of their
relationships than before. The growing studies provide a stronger answer of “Yes” to
the question: “Does the built environment has an independent impact on travel after
residential self-selection is controlling for?”. It was also found that travel attitudes can
play different roles (confounders, moderators, or mediators) of the land use-travel
relationship. Nevertheless, studies are far from conclusive so far. The strength of the
independent built environment impact on travel is still an unsolved problem. A clearer
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picture on the relationships among the built environment, attitudes, and travel behavior
is the foundation to quantify and generalize the impact of land use policies on travel.
More research is needed to better understand the nature of people’s long-term location/
mobility choices and travel behavior, as well as the relationships between them.
An important research gap in previous land use-transport research is the unit of analysis.
Both long-term location/mobility choices and daily travel choices may involve intrahousehold interactions. Therefore, it should be more appropriate to examine the built
environment impact on travel behavior from the perspective of “household” rather than
“individual”. However, although literatures on the land use-travel relationship and
intra-household interactions in travel are both extensive, they are still largely separated
from each other. Some studies have examined how the built environment influence
travel behavior variables that measured at the household level, such as trip frequency
per household each day (Lin and Long, 2008) and household VMT (Zhou and
Kockelman, 2008). However, these studies have not considered the influence of intrahousehold interactions, leaving the household travel decisions as “black boxes”. Very
few studies have explicitly examined the built environment effect on travel behavior
considering intra-household interactions (Maat and Timmermans, 2009; Yang et al.,
2017), and most of them have not addressed intra-household interactions in long-term
choices. In general, previous studies have not put forward a household-based analytical
framework for future land use-transport research. This thesis aims to fill in such an
important research gap by proposing a household-based research framework and
adopting it to investigate the relationships among the built environment, travel attitudes,
and travel behavior in Beijing, China. The results will provide a more comprehensive
understanding on the travel outcomes of land use policies and mobility strategies.
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Chapter 3 Residential self-selection in the built
environment-travel connection: whose self-selection?8
3.1 Introduction and motivation
As illustrated in the last chapter, residential self-selection has been a critical concern in
studies exploring the causalities of the built environment on travel behavior (Bagley
and Mokhtarian, 2002; Handy et al., 2005; Bhote et al., 2009; Ewing and Cervero, 2010).
People may choose their residential locations based on travel needs, abilities and
preferences (Litman, 2005, p. 6), leading to the nonrandom spatial distribution of
population in terms of socio-demographics and travel-related attitudes. The causal
effect of residential built environment on travel behavior would be misestimated if these
confounders were ignored (Cao et al., 2009a; Cao and Chatman, 2016). Numerous
studies on the built environment-travel behavior connection have controlled or
quantified the self-selection bias through a variety of approaches (Mokhtarian and Cao,
2008; Mokhtarian and van Herick, 2016). In general, both the built environment and
residential self-selection were found to be significant predictors of daily travel. Similar
self-selection phenomenon can also be true in household car ownership decisions (e.g.
Van Acker et al., 2014).
However, so far almost all studies addressing residential self-selection and car
ownership self-selection were conducted at the individual level. In reality, residential
location, car ownership as well as some types of daily travel are actually householdlevel decisions involving more than one member of a household (Maat et al., 2007;
Zhang and Fujiwara, 2009). These household-level decisions may influence the travel
behaviors of all household members. It is possible that residential as well as car

This chapter has been published. Please refer to: Guan, X., & Wang, D. (2019). Residential self-selection in the
built environment-travel behavior connection: Whose self-selection? Transportation Research Part D: Transport
and Environment, 67, 16-32.
8
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ownership may not be self-selected by a single household member because there may
be conflicts between travel attitudes and travel demands of household members (De Vos
et al., 2012; Scheiner, 2014). Meanwhile, an individual’s daily travel may also rely on
household decisions about car allocation, joint out-of-home activities, etc.
(Timmermans and Zhang, 2009; Ho and Mulley, 2015a). In such cases, both the longterm mobility choice and short-term travel behavior of a household member could be
influenced by the travel attitudes of other household members, depending on the intrahousehold power relations. Therefore, the nature of residential (and car ownership) selfselection and its influence on the built environment-travel link could not be fully
captured if the influence of other household members’ attitudes were neglected.

3.1.1 Residential self-selection from the household perspective
Looking from a household perspective, self-selections of residential location and car
ownership should be viewed as trade-offs between household members in terms of
travel demands and preferences. Members in the same household share housing and
private cars and consequently members’ choices are made in the knowledge of other
members’ needs and preferences (Ho and Mulley, 2015a). However, household
members with different personal characteristics and past living/travelling experiences
are likely to have different travel attitudes (Lee et al., 2015; Wang and Lin, 2019) and
predispositions towards residential environment (Chen et al., 2009, Chen and Lin, 2011)
and car ownership (Macfarlane et al., 2015). Such intra-household conflicts in travel
attitudes could be an important constraint on realizing an individual’s residential (and
car ownership) self-selection (Scheiner, 2010; De Vos et al., 2012; Næss 2014; De Vos
and Witlox 2016). Besides, a household member’s travel behavior may also be
influenced by other members’ travel attitudes through joint household decisions. For
example, in the car allocation of one-car households, one members’ preference for
driving may encourage the car usage of his/her own but reduce that of others at the same
time.
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In fact, the importance of incorporating different household members’ travel attitudes
in self-selection research has been acknowledged in several studies (Chen et al., 2009;
Tran et al., 2016; Yu et al., 2017). However, to my best knowledge, this issue has not
been explicitly addressed. Individuals are typically considered as the only decisionmaker of residential location, car ownership and travel behavior choices. Some studies
included household socio-demographics as explanatory variables, which may implicitly
and indirectly capture the influence of joint household decisions to some extent. Travel
attitudes were normally measured for only one person in each household to represent
the preference of his/her own or the whole household (Scheiner, 2014), whilst the
attitudes of different members were not distinguished and examined simultaneously.
Ignoring the joint decision-making nature of residential and car ownership choices may
cause several problems in self-selection research. First, the role of each member in selfselecting the shared residential neighborhood and car ownership cannot be determined,
leaving the household long-term choices as “black boxes”. Second, the results of
individual-based analysis may not be transferrable to the overall population when
household members’ relative powers in self-selection are unbalanced. As a simple
example, actual self-selection effect for the whole population would be overstated if the
study sample consists only household heads who dominate household decision-making
in reality. Moreover, for a household member, it is plausible that the attitudes of other
members would confound the links between residential built environment/car
ownership and his/her travel behavior and thus should be incorporated as additional
sources of self-selection.

3.1.2 Research Objectives
Our discussion suggests that households rather than individuals should be considered
as the decision-maker of residential and car ownership self-selections. Although intrahousehold interactions in these long-term decisions as well as travel behaviors have
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long been investigated, the residential (and car ownership) self-selection research at
present still commonly relies on individual-based analyses. For this reason, this chapter
aims to advocate the household-based research framework to study residential and car
ownership self-selections. The traditional individual-based self-selection framework is
extended to incorporate the travel attitudes of another household member to explore: 1)
the role of each household member’s travel attitudes in residential/car ownership selfselections and travel behavior decisions; 2) the impact of the built environment on the
travel behavior of a household member with the effect of the travel attitudes of
household members are controlled. Multivariate modeling approach is adopted to
analyze data, which are derived from a household sample survey involving two-day
activity-travel diaries conducted in 2016 in Beijing, China. This research argues that
residential and car ownership self-selections should be understood as joint decisions of
household members. The results of this case study can help better capture the relative
influences of travel attitudes and the built environment on travel behavior. This research
also provides some additional insights into the residential and car ownership decisions
in a developing country.

3.2 Conceptual framework, data and variables
3.2.1 Conceptual framework
Figure 3.1 presents the theoretical framework addressing the self-selection issues from
a household perspective. Previous studies have suggested that, to realize the preferred
travel pattern, people tend to self-select residential location (Bagley and Mokhtarian,
2002; Bohte et al., 2009) and car ownership (Van Wee, 2009; Van Acker et al., 2014)
based on their travel attitudes as well as socio-demographic traits (Mokhtarian and Cao,
2008). It is contended that both housing/residential location and car ownership are
jointly decided by household members, especially the male and female heads,
sometimes together with grown-up children (Maat et al., 2007; Zhang and Fujiwara,
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2009). It is thus reasonable to hypothesize that residential self-selection (as well as car
ownership self-selection) is a household rather than an individual’s decision and for this
reason the travel attitudes of household members especially both household heads
should be taken into account in research. What should also be mentioned here is that
theoretically residential built environment and car ownership may also influence the
travel attitudes of household members (Bagley and Mokhtarian, 2002; Næss, 2009; Van
Acker et al., 2014). However, since this study focuses on the self-selection effect, the
feedback effects was not examined to reduce the complexity of the models. Similarly,
while residential and car ownership decisions may need to be treated as inter-related (in
other words, influences of both directions are possible) and can be made simultaneously
or one after another, to simplify the issue and emphasize on the self-selection issue, in
this study it was assumed that residential built environment determines car ownership,
which in turn influences travel behavior, based on the findings of existing studies that
car ownership mediated the influence of the built environment on travel behavior (e.g.,
van Acker and Witlox, 2010 and Ding et al., 2017).

Figure 3.1 Conceptual model
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Further, it is reasonable to hypothesize that residential built environment and car
ownership, which are shared by household members, influence the travel behaviors of
all household members. Besides, travel attitudes are also found to be significant
predictors of travel behavior (Cao et al., 2009a). Since an individual’s travel behavior
may rely on joint household decisions, such as vehicle allocation (Maat and
Timmermans, 2009) and joint household trips (Ho and Mulley, 2013), it is plausible
that one household member’s travel behavior is determined by not only the travel
attitudes of his/her own, but also those of other members. To illustrate the household
perspective of self-selection issue, this research focuses on the two household heads in
the current study. This approach can be extended to include other household members
such as children or parents in future studies. This study investigates the question that
who (among the two heads) is more dominant in residential/car ownership selfselections and travel behavior decisions. Based on previous studies, several hypotheses
are formulated. Firstly, it is hypothesized that male heads have greater decision power
in residential self-selection than female heads because they normally have a stronger
economic power and shoulder more housing costs in the Chinese context. Secondly,
husbands also dominate the self-selection of car ownership because they tend to be the
primary users of private cars. Finally, it is hypothesized that the travel behavior of a
household member is influenced by his/her partner’s attitudes and socio-economic
status, especially for the male heads. The possible reason is that females typically face
more constraints in daily travels, such as more safety concerns, less likely to hold a
driver’s license and weaker physical strength than males do, and as a result their travel
demands may be firstly satisfied. In other words, females are more likely to dominate
the household travel decisions.

3.2.2 Data collection
Data used for this study come from a two-day household activity-travel diary survey
conducted from September to November 2016 in 12 districts (including six urban
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districts and six inner suburban districts, which are colored in grey in Figure 3.2) of
Beijing, China. The outer suburban districts, which are basically rural area, were not
included. To ensure geography representation, a multi-level probability-proportionalto-size (PPS) sampling method was adopted to recruit the respondents. The total sample
quota were allocated to 12 districts in proportion of the number of households in each
district. Similarly, the sample quota of each sub-district (jiedao) is in proportion to the
number of households in the sub-district. Finally, in each sub-district, the target
households were randomly approached. All family members aged over twelve were
required to fill the questionnaire during a face-to-face interview to provide information
about socio-demographics, commuting distance (if employed), a two-day activitytravel diary (one weekday and one weekend day), as well as 28 statements regarding
residential preferences and attitudes toward driving and alternative travel modes on a
5-point Likert-scale. Specifically, to collect information on residential preferences, we
first asked the question “what is your preference for choosing a residential location?”,
which was followed by a list of questions on land use characteristics concerning their
residential neighborhood (e.g. easy access to public transit stations). Respondents gave
their answers on the 5-point Likert-scale from “strongly disagree” to “strongly agree”.
Information about household-level socio-economics, car ownership, neighborhood type
and residential built environment were also collected from one member in each
household. All the questions in our questionnaire were presented in Chinese. In total,
1884 respondents from 800 households successfully completed the questionnaire.
Considering the unique housing system in the Chinese urban context, not all residents
can self-select residential neighborhoods (Lin, et al., 2017). Therefore, some cases had
to be excluded from the sample to ensure that residence was not allocated, but selfselected (Aditjandra et al., 2012). Housing were classified into four types in our survey:
traditional housing, commodity housing, Danwei housing and social welfare (or
subsidized) housing. Danwei housing were allocated by work units or municipal
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housing bureaus based on criteria such as job rank, working experience and marital
status (Wang and Lin, 2014). This type of housing was provided as a job benefit, which
normally could not be sold or leased to others. Residents in Danwei communities,
therefore, have almost no freedom to choose residential location (Lin et al., 2017).
Similarly, social welfare housing was assigned by the government to low-income
families as social welfare (affordable housing/public rental housing) or people
displaced by urban development as compensations (replacement housing). People
living in these dwellings would not self-select where to live based on their own
preferences (Zhang et al., 2017). For all these reasons, respondents with Danwei or
social welfare housing were excluded. As a result, the final sample for this study
includes 557 dual-earner couples, who were residing in commodity or traditional
housing.

Figure 3.2 Map of the study area (districts colored in grey)

3.2.3 Measures of variables
Compared with the general population in Beijing (Beijing Statistical Yearbook, 2017),
the sample has a slightly smaller household size (2.34 vs. 2.60) and marginally higher
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monthly personal income (10287 yuan vs 10229 yuan). However, people aged 50 or
older are underrepresented in the sample (8.6% vs 22.5%). The average number of
private cars per household in the sample is higher than that of the general population
(0.80 vs. 0.49). Table 3.1 provides detailed information about the sample profile
including the basic statistics of the residential built environment and the travel behavior
of the two household heads.
The built environment in residential neighborhood was characterized by six variables,
including distance from home to the city center (Tiananmen Square), accessibility to
non-work destinations, access to public transit, street design and the commuting
distances of the two household heads. Among them, distance to the city center was
straight line distance derived from geographical coordinates (the average home-center
distance is 16.10 km), while information about other variables were self-reported by
respondents. Non-work destination accessibility was evaluated by average walking
time to eight types of facilities, including kindergarten, primary school, food market,
supermarket, grocery, clinic, bank and park, which was reverse coded on a 5-point
ordinal scale and a higher value means a better accessibility. The walking time from
home to the nearest metro station was used to measure ‘access to public transit’, and a
dummy variable “if the bicycle lane is isolated from the motorized road in your
residential neighborhood” to measure ‘street design’. Car ownership level was given by
the number of private cars owned by the household.
Table 3.1 Sample profile
Variable name

Description

Socio-demographics
Household
Monthly: 1 (<=1999); 2 (2000-3999); 3
income (RMB)
(4000-5999);…15 (70000-79999); 16
(>=80000)
Household size
Number of household members
Age
1 (12-18); 2 (19-29); 3 (30-39); 4 (4049); 5 (50-59); 6 (60-69); 7 (>=70)
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Mean
(or %)

Std.

8.90

2.34

2.71
3.31/3.06

0.67
0.94/0.86

Education level

1 (primary school and below); 2
(middle school); 3 (high school); 4
(Three -year college diploma); 5
(Bachelor); 6 (Master & +)
Work type
1 (knowledge-intensive workers);
0 (labor-intensive workers)
Driving license
1 (yes); 0 (no)
Residential built environment
Distance to the
Coded Euclidean distance from home to
city center
the city center: 1(1-5km); 2(5-10km);
3(10-15km); 4(15-20km); 5(>20km)
Distance to
Walking time to the nearest metro
transit
station (min)
Non-work
Reverse coded average walking time to
destination
eight types of facilities: 5(1-5mins);
accessibility
4(6-10mins); 3(11-15mins); 2(1620mins); 1(>20mins)
Isolated bicycle
Bicycle lane is isolated from the
lane
motorized road: 1 (yes); 0 (no)
Commute
Self-reported travel distance for
distance
commute (km)
Car ownership
Number of household private cars
Household VMT Vehicle miles driven per month for each
family (km)
Travel behavior (weekday)
Total travel time Total travel time on a weekday (min)
Share of travel
Share of travel time by car over total
by car
travel time (%)
Share of travel
Share of travel time by walking/cycling
by nonover total travel time (%)
motorized modes
Travel behavior (weekend)
Total travel time on a weekend day
Total travel time
(min)
Share of travel
Share of travel time by car over total
by car
travel time (%)
Share of travel
Share of travel time by walking/cycling
by nonover total travel time (%)
motorized modes

4.95/4.83

0.70/0.70

86%/85%
95%/68%
3.17

1.30

18.40

28.79

3.19

1.12

77%
16.27/15.76

17.14/21.70

0.80
1101.20

0.56
1537.44

86.42/82.95
52.04/41.63

40.56/40.65
48.71/48.05

15.67/19.57

34.48/38.08

83.90/80.11

65.12/70.00

43.78/42.75

48.13/48.09

17.76/16.81

35.07/34.46

Note. Numbers before and after “/” represent the values for the male head and female head
respectively.

42

Three variables were employed to measure the travel behavior of the two household
heads respectively: total travel time on a day, the share of travel time by car in the total
travel time and that by non-motorized transport modes. These variables capture
respondents’ trip generation and mode choice pattern in their daily lives. The data on
these variables were derived from the two-day activity-travel diaries. Besides daily
travel behavior variables, data on household vehicle miles traveled (VMT) per month
were also collected. Finally, two household-level (family income and size) and four
individual-level socio-demographics (age, education level, work type and driving
license) were identified as control variables. In particular, work type was involved in
models because decisions on residential location and car ownership may vary across
different types of jobs (Tran et al., 2016). The workers were classified into two types:
labor-intensive workers (including skilled workers, unskilled and manual workers,
service and sales staff, and farmers) and knowledge-intensive workers (including
executives, professionals, clerical staff and teachers). More details on the descriptive
characteristics of the variables used in this study listed in Table 3.1.
Data on travel attitudes and residential preferences were collected by requesting
respondents to give ratings concerning 28 statements (11 on residential preferences and
17 on travel attitudes). To derive the latent constructs underlying these 28 statement
questions, which are comparable between the two household heads, a factor analysis
was conducted by pooling the data of both male and female heads (the sample size for
factor analysis was thus 1114) 9 . Two factors (or latent constructs) of residential
preferences and five factors of travel attitudes were extracted (Table 3.2 and 3.3). For
each factor, only items with factor loading larger than 0.50 were kept. Because this
study focuses on the self-selection phenomenon, this study tries to explore how partners’
preferences for the residential built environment and that for driving versus alternative
Because the 28 attitudinal statements in our survey focus on two different objects (residential location vs.
transportation modes)”, for the ease of interpretation, we conducted principal factor analysis for residential
preferences and travel attitudes separately instead of pooling all the statements together. The following empirical
studies adopted the same strategy for principal factor analysis.
9
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modes influence their decisions on residential location and car ownership. Therefore,
three attitudinal factors were used in the following multivariate analyses: preference for
accessibility in residential choice (pro-accessibility), preference for driving (prodriving) and preference for alternative transport modes (pro-alternatives). The other
factors were either weakly related to the self-selection issue in question or being
addressed by the selected factors, and thus not included.
Table 3.2 Factor loadings concerning residential preferences
Factor loadings
Pro-accessibility
0.547
0.633
0.684
0.603
0.643
0.158
0.206

Item

Pro-safety
0.424
0.088
0.106
0.268
0.187
0.794
0.726

Easy access to shopping malls
Easy access to public transit stations
Easy access to recreation facilities
Easy access to high-quality schools
Neighborhood with good green area
Low crime rate within neighborhood
Low level of car traffic on neighborhood
streets
Safe neighborhood for walking
0.199
0.756
Safe neighborhood for kids to play outdoors 0.214
0.704
Good street lighting
0.202
0.742
Quite neighborhood
0.483
0.475
Note. Item loadings are based on Principal Component Analyses. Statements with
loading larger than 0.50 were highlighted.
Table 3.3 Factor loadings concerning travel attitudes

Description
I like driving
I need a car to do some of
the things I like to do
Getting to work without a
car is a hassle
Traveling by car is safer
overall than walking

Prodriving

Factor loadings
ProActive Car
alternatives -liking indifference

0.601
0.581

-0.024
-0.320

0.349
0.309

0.037
0.175

Meaning
of car to
me
0.206
0.302

0.667

0.008

-0.080

0.048

0.209

0.731

0.142

0.223

0.119

-0.102
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Traveling by car is safer
0.423
-0.065 0.073
0.090
0.660
overall than taking transit
Traveling by car is safer
0.349
-0.045 0.061
0.298
0.555
overall than cycling
I like to drive just for fun
0.437
0.058
0.110
0.168
0.527
I prefer to bike rather than 0.039
0.197
0.253
0.116
0.700
drive whenever possible
I prefer to walk rather than 0.079
0.220
0.112
0.065
0.761
drive whenever possible
I prefer to take transit
0.081
0.278
0.088
0.130
0.739
rather than drive whenever
possible
I like travelling by public
0.034
0.271
0.419
-0.027
0.579
transit
I like riding a bike
0.145
0.270
0.051
-0.011
0.667
I like walking
0.040
0.173
0.020
0.257
0.716
It does not matter to me
0.178
0.105
0.282
-0.030
0.743
which type of car I drive
The car is nothing more
0.083
0.229
-0.069 0.805
0.160
than a convenient way to
get around for me
The car is a symbol of
0.185
0.282
0.133
-0.087
0.736
status to me
I feel free and independent 0.252
0.072
0.090
0.212
0.731
when I drive
Note. Item loadings are based on Principal Component Analyses. Statements with
loading larger than 0.50 were highlighted.
One interesting finding about the factor analysis result is that the statement “I like to
drive just for fun” has a positive and high loading (0.527) on the factor “proalternatives”, but relatively lower loadings on the factors concerning attitudes toward
car use (i.e. pro-driving, car indifference and meaning of car to me). This may be
explained by two reasons. First, people tend to understand this statement as “For me,
the only motive for driving is for fun” in Chinese language context. As a result, it is
likely that respondents who also valued other benefits of driving (e.g. safety and
convenience) besides “having fun” would not agree with this statement. Second, due to
the heavy traffic congestions in Beijing, travelers were less likely to fulfil the affective
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functions of driving, such as feeling relax and pleasure when travelling by car. Thus,
for those whose primary motivation for driving is only “for fun” (i.e. respondents who
agreed with this statement), they may still prefer to rely on alternative transport modes
for their daily trips.

3.3 Empirical analyses and findings
Earlier it was argued that members of the same household may have different travel
attitudes and thus the self-selection issue may be complicated by the question of whose
self-selection. This study first conducts some descriptive analyses concerning the travel
attitudes of different household members and shed some light on the heterogeneity issue
of household members’ travel attitudes. The results are presented in Subsection 3.3.1.
Subsections 3.3.2 to 3.3.5 present and discuss the modeling results. Because people
usually have different constraints and travel demands on weekdays and weekends, we
expect travel behavior impacts of the built environment are different between weekdays
and weekends. Thus, based on the conceptual model in Figure 3.1, a structural equation
model were developed for weekday and weekend respectively. The two models were
only different in the travel behavior variables included: Model I included the weekday
travel behavior variables, whilst model II included the weekend ones. The same
household VMT variables was used in both models. Figure A.1 in the Appendix
illustrates the direct and indirect linkages between variables in the two SEMs that have
been developed. These models were estimated using the AMOS (version 20.0) software
package, which employed the maximum likelihood (ML) method. Like many other
studies, our data slightly deviate from the multivariate normality assumption. The
bootstrapping procedure was adopted to address the violation of multivariate normality
and the categorical data involved in the models (Byrne, 2010). Besides, according to
Cao et al. (2007), a larger sample size can reduce the effect of non-normality in SEMs.
Data with the ratio between the sample size and the number of observed variables larger
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than 15 (Stevens, 1996), or with a sample size larger than 500 and the degrees of
freedom (𝑑𝑓) over 30 (MacCallum et al., 1996) could be considered a large sample. In
our study, the sample size is 557 > 500 (with 𝑑𝑓 = 70 > 30), and the ratio between it
and the number of observed variables is 557/30 = 18.6 > 15. Thus, the possible nonnormality problem does not seem to cause serious bias in our models. The two models
estimated fit the data well generally, as suggested by a series of widely used goodnessof-fit indicators (𝜒 2 = 162.334/164.897; 𝑑𝑓 = 70/70; 𝜒 2 /𝑑𝑓 = 2.319/2.355; CFI =
0.982/0.983; GFI = 0.981/0.981; NFI = 0.971/0.972; RMSEA = 0.049/0.049; for model
I and model II respectively). Because these two models differed only in the travel
behavior variables, it was not surprising to find that most estimated coefficients of the
two model were quite similar. For this reason, except the ones on travel behavior, only
the coefficients of model I are reported in the following subsections.

3.3.1 Comparing the travel attitudes of the two partners
Before the multivariate modeling analysis, we compared the travel-related attitudes
between the male and female heads. Table 3.4 lists the results. We first conducted a
series of paired sample t-test to see if males and females are significantly different in
travel-related attitudes. Column four lists the results for the 28 attitude statements and
column five presents the results for the 7 factors. The results show that though travel
attitudes are rather similar between the two genders in general, significant gender
differences can be identified for some travel-related attitudes. Specifically, males are
more positive about driving or owning a private car than females. Compared with
females, males are significantly less likely to feel indifference about the car type or
simply view car as a convenient transport mode, and more likely to feel free and
independent when driving. Males also have significantly higher scores than females in
terms of the preference for active travel modes, especially for cycling. Besides, though
not significant in paired sample t-test, females seem to be more concerned than males
about the accessibility to shopping malls when choosing where to live.
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Table 3.4 Intra-household difference in travel attitudes
Item score
Variable name

Mean value
of males/
females

Mean
difference
between
genders
(M - F) a

Easy access to shopping malls
Easy access to public transit stations
Easy access to recreation facilities
Easy access to high-quality schools
Neighborhood with good green area

3.82/3.88
3.82/3.80
3.78/3.82
3.87/3.86
3.95/3.97

-0.06
0.02
-0.04
0.01
-0.02

Low crime rate within neighborhood
Low level of car traffic on neighborhood streets
Safe neighborhood for walking
Safe neighborhood for kids to play outdoors
Good street lighting

3.95/4.00
3.92/3.94
4.05/4.03
4.08/4.07
3.97/3.95

-0.05
-0.02
0.02
0.01
0.02

Description

Factor score
(standardized)
Mean
Mean
difference
absolute
between
difference
genders
between
a
(M - F)
partners b

Residential preferences
Pro-accessibility

Pro-safety

Travel attitudes
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-0.04

0.80***

-0.01

0.67***

Pro-driving

Pro-alternatives

Active-liking

Car indifference

Meaning of car
to me

I like driving
I need a car to do some of the things I like to do
Getting to work without a car is a hassle
Traveling by car is safer overall than walking
Traveling by car is safer overall than taking transit
Traveling by car is safer overall than cycling

3.67/3.61
3.76/3.71
3.68/3.65
3.57/3.60
3.53/3.55
3.60/3.58

0.06
0.05
0.03
-0.03
-0.02
0.02

0.02

0.70***

I like to drive just for fun
I prefer to bike rather than drive whenever possible
I prefer to walk rather than drive whenever possible
I prefer to take transit rather than drive whenever possible

3.31/3.32
3.32/3.35
3.37/3.36
3.34/3.35

-0.01
-0.03
0.01
-0.01

-0.04

0.71***

I like travelling by public transit
I like riding a bike
I like walking

3.51/3.52
3.60/3.54
3.53/3.49

-0.01
0.06
0.04

It does not matter to me which type of car I drive
The car is nothing more than a convenient way to get
around for me

3.48/3.57
3.55/3.64

The car is a symbol of status to me
I feel free and independent when I drive

3.41/3.41
3.59/3.50

0.08*

0.76***

-0.09**
-0.09**

-0.12**

0.83***

0.00
0.09*

0.08

0.89***

Notes. M: male head; F: female head.
a. Paired sample T test for item/factor scores of the male and female heads; **p < 0.05; *p < 0.1.
b. One sample T test for the absolute difference in factor score between partners in each household; ***significantly different from zero at p < 0.01.
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In addition to the gender differences in travel attitudes in general, we also probed into
the intra-household differences in travel attitudes. To this end, we calculated the
absolute value of the difference in factor scores between the two heads in each
household, and then conducted one sample t-tests to examine if the difference is
significantly different from zero. The result is shown in the sixth column of Table 3.4.
It can be found that the intra-household absolute differences in attitudes are different
from zero at the significance level of 0.01 for all the factors, and such intra-household
differences in attitudes are much larger than the gender differences in general. These
results indicate that though many travel-related attitudes seem to be similar between
males and females, significant intra-household discrepancies in attitudes are observed.
This finding justifies our argument about possible intra-household conflicts in selfselections on residential location and car ownership.
As shown in Table 3.6, travel attitudes of both members were affected by household
and individual socio-demographics. We found that males with higher education level
were likely to prefer driving than those with lower level; both male and female
respondents with higher household income were less likely to favor driving than those
with lower household income. The latter seems contradictory to expectation, but in
accordance with findings of the study by Lin et al. (2017) in the same city. As expected,
for male heads, knowledge-intensive workers and those without driving license were
more likely to prefer alternative travel modes than their counterparts do; for female
heads, the older ones more likely preferred alternative transport modes than the younger
ones did. It was also found that male heads’ preference for accessibility was negatively
affected by their age and household income. Besides, for both household heads, a higher
education level increased the preference for accessibility. This might be explained by
two possible reasons. Firstly, high-educated people normally have high income and thus
high value of time, which may lead to their preference over short-distance travel in daily
life. Secondly, those having a higher education may be more concerned about the
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education resources (such as primary schools) around the residence than others.

3.3.2 Self-selection concerning residential location
According to Mokhtarian and Cao (2008), residential self-selection results from two
sources: attitudes and socio-demographic traits, which define travel related preferences
and constraints in residential choices, we will discuss the “whose self-selection” issue
from these two aspects. Table 3.5 and 3.6 present the effects of travel attitudes and
socio-demographics on residential built environment (and car ownership) respectively.
Regarding attitude-based residential self-selection, we found that the travel attitudes of
both household heads had significant effects on the land use attributes of residential
neighborhood and that of male heads had relatively larger influence, especially on
destination accessibility and street design (Table 3.5). Specifically, the two heads’ travel
attitudes had similar impacts on the distance from home to the city center. As expected,
those who preferred driving and those who did not prefer proximity to non-work
destinations tended to live farther away from the city center than their counterparts did.
Distance to transit is found to be negatively associated with male heads’ preference for
alternative modes and positively with female heads’ preference for driving. However,
inconsistent with findings from previous self-selection studies (e.g. Cao et al., 2007),
the preference for driving of male heads had positive influence on accessibility to nonwork destinations. The reason may be that neighborhoods with mixed land use often
provide more parking opportunities, which make car usage more convenient (Guo,
2013). It has also been reported that land use diversity encourages car ownership in
Asia countries (Senbil et al., 2009; Ding et al., 2017). Surprisingly, respondents who
preferred proximity to non-work destinations were more likely to live in places with
low accessibility to non-work destinations. This result contrasts the findings from
studies in Western countries (e.g. Cao et al., 2007) and indicates a substantial residential
dissonance regarding accessibility to non-work destinations in Beijing, China. There
are two possible explanations for this. Firstly, compared to the desire for short
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commuting and access to public transport in the Chinese context (Wang and Lin, 2014),
that for non-work destination accessibility may be a lower priority in residential choice.
Secondly, neighborhoods with high accessibility, especially those adjacent to
kindergarten and primary schools (so called xue-qu-fang) have a much higher housing
price (Levine et al. 2005; Liu and Ichinose, 2017), which may reduce households’
probability to realize preference for destination accessibility in residential choice
(Chatman, 2009). Attitudes towards alternative transport modes of both members
exerted significant influences on the street design concerning the provision of isolated
bicycle lane, but in opposite directions. This may be due to the fact that females are less
likely to travel by bicycle than males do (Handy and Xing, 2011). An isolated bicycle
lane can improve the convenience of cycling but reduce that of walking at the same
time (by making the pavement narrower and more crowded accordingly).
In terms of residential self-selection based on socio-demographics, the two household
heads’ socio-demographic traits had comparable influences on residential choice (Table
3.6). Three variables are found important: husband’s work type, wife’s education level
and the possession of a driver’s license. Their effects on the built environment are
generally in line with expectation. Compared with labor-intensive male workers,
knowledge-intensive male workers were more likely to reside in urban neighborhoods
with good access to transit and with dedicated bicycle lanes. A similar finding was
reported in a study in Vietnam by Tran et al. (2016). This finding should be attributed
to the centralization of knowledge-intensive employment in developing countries. The
education level of females also had positive effects on the access to the city center and
transit (van de Coevering et al., 2016). Females with a driver’s license tended to live in
suburban areas with low non-work destination accessibility. This is understandable
because they could use private car in long-distance trips. An alternative explanation is
also plausible: people were more likely to get a driver’s license if they were living in
suburban areas and often needed to use private cars for daily travel.
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Table 3.5 Standardized direct effects of travel attitudes on travel-related decisions
From
To
Model I (weekday)
Distance to the city center
Distance to transit
Non-work destination accessibility
Isolated bicycle lane
Commute distance (M)
Commute distance (F)
Car ownership
Household VMT
Total travel time (M)
Total travel time (F)
Share of travel by car (M)
Share of travel by car (F)
Share of travel by non-motorized modes (M)
Share of travel by non-motorized modes (F)
Model II (weekend)
Total travel time (M)
Total travel time (F)
Share of travel by car (M)
Share of travel by car (F)
Share of travel by non-motorized modes (M)

Prodriving

Male head
ProProalternatives accessibility

0.111b

-0.112b
-0.074c

0.109c
0.121b

Prodriving

Female head
ProProalternatives accessibility

0.098c
0.089c

-0.090b
-0.079

-0.199a
0.154b

-0.152b
0.070

0.091c
0.120a

c

0.073

-0.050
a

-0.146
-0.161a
-0.107c
0.073

0.068

-0.094

-0.139b

-0.141a
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0.090c

-0.123b

0.117b

Share of travel by non-motorized modes (F)
-0.083c
-0.101b
0.121b
Notes. M: male head; F: female head. a significantly different from zero at p<0.01; b significant different from zero at p<0.05; c significant
different from zero at p<0.10; coefficients with p>0.15 are not shown. The effects of travel attitudes on the built environment and car
ownership are quite similar between two models, thus only those in the model I are presented.

Table 3.6 Standardized direct effect of socio-demographics on endogenous variables
Form
To
Model I (weekday)
Travel attitudes
Pro-driving (M)
Pro-driving (F)
Pro-alternatives (M)
Pro-alternatives (F)
Pro-accessibility (M)
Pro-accessibility (F)
Residential built environment
Distance to the city center
Distance to transit
Non-work destination
accessibility
Isolated bicycle lane
Commute distance (M)
Commute distance (F)

Family
income

Family
size

-0.097c
-0.099b

Education level
Male
Female

Work type
Male
Female

Driving license
Male
Female

Age
Male
Female

0.097b
0.060c

-0.075c

-0.104b
-0.131a
-0.066

0.145a
0.149a

0.099b
0.153a

-0.121a

-0.085c
-0.127c

0.069
-0.124a

0.065
-0.090c
-0.101c

0.125b
-0.134b

0.088c

-0.147a

-0.114b

0.148a

0.105a
0.062c
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Car ownership
0.256a
0.107a
0.065c
0.123a
0.329a
0.180b
Household VMT
0.046
b
Total travel time (M)
0.121
-0.070
b
b
Total travel time (F)
0.085
-0.129
0.077
b
Share of travel by car (M)
0.072
0.174a
0.087
-0.148a
Share of travel by car (F)
-0.086b
-0.045c 0.343a
-0.142c 0.134b
Share of travel by non0.096c
-0.195a 0.173b
motorized modes (M)
Share of travel by non-0.077
0.102b
motorized modes (F)
Model II (weekend)
Total travel time (M)
-0.106b
0.150a
0.071
0.148a
Total travel time (F)
-0.123a
0.088c
0.087b
0.187a
Share of travel by car (M)
-0.059
Share of travel by car (F)
-0.057
0.038b
Share of travel by non-0.107b
motorized modes (M)
Share of travel by non0.085c
-0.183a
motorized modes (F)
Notes. M: male head; F: female head. a significantly different from zero at p<0.01; b significant different from zero at p<0.05; c significant
different from zero at p<0.10; coefficients with p>0.15 are not shown. The effects of socio-demographics on attitudes, the built
environment and car ownership are quite similar between two models, thus only those in the model I are presented.
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Household socio-economic status also show significant effect on residential location
choice (Table 3.6). High-income families tended to live closer to the city center. This
result is consistent with that of previous studies in the Chinese context (Yang, 2010; Lin
et al., 2017), and reflects the distinctive population distribution feature in Chinese
metropolitan areas. Similar to the effect of pro-accessibility attitudes, family income is
also negatively associated with the destination accessibility of the residential
neighborhood, which is also inconsistent with previous research (e.g. de Abreu e Silva,
2014). These findings probably indicate that wealthy households in China are more
willing to pay for other housing (e.g. greater indoor space) and neighborhood attributes
(e.g. proximity to the city center) in the expense of the proximity to non-work
destinations.
Turn to the self-selection of commuting distances, wives become more dominant than
husbands in terms of both attitudes and socio-demographics. Table 3.5 shows that
female heads’ preference for driving significantly increased the commuting distances
of both household heads, whilst the travel attitudes of the male heads did not show any
significant influence on commuting distances. What should be noted is that this may
also because long commuting distance makes people feel necessary to drive, especially
for female workers. Similarly, male heads would commute longer distance if female
heads had a driver’s license, but no significant effect on commuting distance was
observed for male heads’ possession of a driver’s license and other socio-demographic
variables (Table 3.6). These results indicate that wives’ travel preferences and demands
were more important in the household decision on the residential location relative to
workplaces. These findings also suggest that the commuting distances of the two
household heads are positively correlated, which echoes the finding of the study by
Plaut (2006) in the US.

56

3.3.3 Self-selection concerning car ownership
With respect to the car ownership self-selection based on attitudes, Table 3.5 shows that
the travel-related attitudes of female heads had no significant impacts on household car
ownership. On the other hand, male heads’ pro-driving attitudes significantly increased
household car ownership. Similar finding on the positive link between pro-driving
attitudes and car ownership was reported by Van Acker et al. (2014). This is easy to
understand because husband is usually the primary car user in a household. Table 1
shows that, compared with their partners, male heads had a higher chance of holding a
driver’s license and larger share of travel time by car, especially on weekdays. Besides,
husband is more likely to be the driver in joint household travels by car such as
chauffeuring.
As for the effects of the two heads’ socio-demographics on car ownership, again they
are found to be comparable (Table 3.6). Male heads with a knowledge-intensive job had
a higher level of car ownership than their counterparts. The number of cars also
increased with the wife’s age. This result is inconsistent with the finding of the study
by Cao et al. (2007) in the US, but in line with that by Van Acker et al. (2014) in Europe.
Finally, for both partners, the possession of a driver’s license exerted positive effect on
household car ownership level. In particular, female heads’ holding of a driver’s license
had the greatest influence on car ownership, which suggests that household would own
more cars if the female head had a driver’s license (Maat et al., 2007). But it is also
possible that purchasing a car and getting a driving license are decided simultaneously
and these decisions may be interdependent. Besides, household income and household
size are positively linked with the car ownership (Aditjandra et al., 2012).

3.3.4 Travel attitudes, socio-demographics and travel behavior
Individuals’ travel behaviors were also found to be self-selected by travel attitudes
(Table 3.5). For male heads, the preference for alternative modes significantly reduced
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the total travel time on weekdays, while the preference for accessibility decreased the
total travel time and increased the share of travel time by non-motorized transport
modes on weekends. However, travel attitude effects on travel behavior were much
weaker for female heads. We only found some marginally effects of their attitude
toward driving on the share of their travel time by car (p < 0.15). One possible
explanation is that females usually suffer from constraints in travel choices and thus
can hardly self-select their travel patterns by preferences. The travel attitudes of the two
household heads had very limited influence on household vehicle miles traveled per
month. This may partially be because other household members (such as grown-up
children) also contributed to the household car usage. What should be noted is that, both
members’ travel attitudes showed significant influences on the travel behaviors of their
partners. For example, the preference for driving of wives reduced husbands’ share of
travel time by car on weekdays, which reflects the tradeoffs between partners in car
allocation (Maat and Timmermans, 2009). Meanwhile, female heads who favored
destination accessibility also encouraged male heads to travel more by walking/cycling
on weekends, and vice versa. These effects may be explained by the joint household
travels by active modes on non-working days (Ho and Mulley, 2013).
The socio-demographics also significantly influenced travel behavior (Table 3.6).
Specifically, both household heads would travel more by cars on weekdays and less by
walking/cycling on weekends if the female heads had a driver’s license. Considering
the very high ratio of males owning a driver’s license, this result suggests that
households would use the private car much more often if both heads were able to drive.
We also found that the age of a head increased the share of travel time by car and
reduced the share of travel time by non-motorized modes of his or her own, but had
reversed effects on the partner’s modal shares of travel time, especially on weekdays.
This finding again reveals the conflicts in household car allocation, which suggests that
elder household members were more likely to use the private car. Household income
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had negative effect on the total travel time on weekends of both household heads.
Besides, females tended to have a higher proportion of travel time by walking or cycling
when the household size is large, but this was not the case for males. This is probably
because wives (but not husbands) in large households tended to do more household
maintenance works, such as shopping for daily goods, than those in small households.
Unlike their counterparts in Western countries, urban residents in China normally shop
on a daily basis by non-motorized transport modes because markets/shops are typically
in the walking distance from home (Wang and Lin, 2014).

3.3.5 The built environment and travel behavior
Table 3.7 describes the independent effects of the built environment and car ownership
on travel behavior after controlling for the self-selection effects of both partners.
Household monthly VMT (vehicle miles travelled) by private cars was positively
influenced by the distance from home to city center (Cao, 2009), male heads’
commuting distance, but not by female heads’ commuting distance. This indicates that
husbands’ commuting trips contributed more to household car usage than wives’ did.
As expected, distance from home to city center had positive impact on both partners’
weekday total travel time and male heads’ share of trips by car. Similarly, the
commuting distances of both household heads positively contributed to their weekday
total travel time and the share of trips by cars, but negatively related to the share of trips
by non-motorized transport modes.
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Table 3.7 Standardized direct (indirect) effects of the residential built environment on travel behavior
From
Model I (weekday)
Commute distance (M)
Commute distance (F)
Car ownership
Household VMT
Total travel time (M)
Total travel time (F)
Share of travel by car (M)

Distance to the
city center

0.206a
0.172a
0.052
0.098a
(0.038b)
0.087c
(0.040a)
0.120a
(0.020a)
0.062
(0.044b)

Distance to
transit

Non-work
destination
accessibility

-0.095c

-0.072

-0.077c

-0.107b

Share of travel by non-motorized
modes (M)
Share of travel by non-motorized
modes (F)
Model II (weekend)
Total travel time (M)
Total travel time (F)

0.079c

0.072

Car
ownership

Commute Commute
distance
distance
(male)
(female)

---------0.349a

-------

0.494a
0.064

0.351a

-0.075c

-0.187a

(-0.033a)
0.052

0.087
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0.159c

0.135a

-0.212a

-0.217a
-0.211a

-------

0.202a

0.090b

Share of travel by car (F)
(0.031b)
-0.094c
(-0.041a)

Isolated
bicycle
lane

0.075b
0.065b
-0.146a
-0.122a

(0.007c)
-0.076c
-0.073c

Share of travel by car (M)
-0.106b
0.426a
-0.064c
Share of travel by car (F)
-0.103a
0.462a
Share of travel by non-motorized
0.146b
0.116a
0.085b
-0.195a
modes (M)
Share of travel by non-motorized
0.106b
0.086b
-0.236a
modes (F)
Notes. M: male head; F: female head. a significantly different from zero at p<0.01; b significant different from zero at p<0.05; c significant
different from zero at p<0.10; coefficients with p>0.15 are not shown. The effects of the built environment on commuting distance, car
ownership and household VMT are quite similar between two models, thus only those in the model I are presented.
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However, different directions of influences were found with respect to travel behavior
on weekends. People lived far from the city center had significantly less total travel
time as well as travels by automobiles on weekends than those lived near the city center;
male heads with longer commuting distance had lower percentages of travel time by
cars on weekends. This temporal variations in the land use-travel link may be explained
by several reasons. Firstly, suburban residents normally have to rely on cars for
commuting on weekdays, but this is not necessary on weekends. Secondly, the compact
development in planned sub-centers and decentralization of services in Beijing have
reduced suburban residents’ need to travel to the city center on weekends (Zhao et al.,
2011). Besides, too much driving on weekdays would weaken the intention to continue
travelling by car on weekends, especially in Beijing, which is notorious for its serious
traffic congestions.
Some earlier studies, for example the study by Cao and Yang (2017), found that the
distance from home to city center had indirect impacts on travel behaviors through its
influence on the built environment and home-work distances. Thus, our models also
examine the influence of home-city center distance on the commuting distances of both
household heads (please refer to Figure A.1 in the Appendix for the model structure),
and find it very significant (p < 0.01) and positive. Further, it has also indirect effects
on all travel behavior variables. These findings support that of previous studies. These
results suggest that the travel impact of residential location and the built environment
may be underestimated if their effect on commuting distance is neglected.
Table 3.7 also shows that good access to public transit can reduce the total travel time
of both household heads on weekdays. Meanwhile, those live closer to metro stations
tend to walk or cycle more on weekends, which is inconsistent with previous findings
in America (Schoner and Cao, 2014). This is probably because many non-work
destinations are in walking distance from home in the metropolitan areas in Beijing and
thus walking and cycling could be transport modes alternative to public transport on
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weekend travels. In line with expectation, a high non-work destination accessibility
reduces total travel time (on weekdays) and encourages non-motorized travels (Ewing
and Cervero, 2010). However, it also has a positive effect on husbands’ share of travel
time by car on weekdays, which confirms the finding reported in section 3.3.2. Street
design is found to significantly impact weekend travel behavior: an isolated bicycle
lane makes people drive less and use non-motorized transport modes more often on
weekends. Last but not least, car ownership level has expected influences on all the
travel behaviors except total travel time; it has greater power than the built environment
in explaining the modal shares of both partners’ daily travels.

3.3.6 Discussion
Our model results suggested that both residential location and car ownership were selfselected by family members jointly, and different members played different roles.
Confirming our hypotheses, husbands’ attitudes had relatively more weights in the
choices of the residential built environment and car ownership, but unexpectedly wives’
attitudes and ability to drive determined the commuting distances of both household
heads. These results provided some indications on long-term residential location and
mobility decisions in Chinese households: in general, husbands had greater decision
power in the household than wives probably because of their higher personal income
as well as culture and traditions. On the other hand, because the average commuting
distance in Beijing was rather long (>15 km, based on our data collected for this study),
which was more difficult for females (compared with males) to endure, households
tended to give more considerations about wives’ commuting travel demands when
deciding on the residential location relative to the workplaces of household members.
It was also found that an individual’s travel behavior was influenced by household
members. Probably through vehicle allocation or joint household activities, household
members’ travel attitudes and socio-demographics influenced an individual’s travel
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time and such influences to the two household heads seem comparable. Our study
confirmed that both long-term household choices and short-term personal travel
behaviors could be the outcomes of household members’ joint self-selections. In such
a case, examining the self-selection effect using an individual-based conceptual
framework is problematic, because the roles of other household members’ travel
attitudes and socio-demographics are not accounted for. Further, household members’
residential preferences concerning dimensions other than travel (e.g. safety and
neighborhood environments) should also be considered in residential self-selection
studies. Such intra-household tradeoffs could lower the probability of realizing a single
person’s travel preferences when choosing home location (Næss 2014; Wolday et al.,
2018).
Another noteworthy finding was that income had significantly negative effects on
home-city center distance and the accessibility to non-work destinations (Table 3.6).
This interesting finding may be explained by several possible reasons: Firstly, most of
workers in China worked and lived in the same Danwei unit before the economic and
urban reforms in the 1980s (Wang and Murie, 2000). Although this is not the case today,
residents in current Chinese cities still normally prefer short commute, which can be
viewed as a mobility culture in China (Wang and Lin, 2014). As shown in Table 7, living
in neighborhoods near the city center significantly increased the probability of finding
a job close to home. Secondly, housing is viewed as a long-term investment by many
especially the rich, and those near the city center are considered to have high resale
values. Thirdly, the compact development in Beijing provides good accessibility to
amenities for daily living in both urban and suburban areas, which lowers the priority
of non-work destination accessibility in residential choice. Non-work destination
accessibility was also found to be positively linked to the propensity of driving in our
study. From a policy perspective, these findings suggest that affordable housing near
the city center and work locations can attract people to self-select into those areas,
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which may reduce the demand for car usage. However, further improvement of the nonwork destination accessibility may have only limited or even unexpected effects on
travel behavior.
Our modelling results also show that car ownership choice was mainly determined by
socio-demographic factors such as age, family size, the ability to drive and household
income, while the influences of travel attitudes were much weaker (Table 3.5 and 3.6).
This means travel attitudes-based car ownership self-selection exists, but only to a
limited extent. In other words, many households owned private cars probably because
they need a car or consider it as a necessity, rather than they like driving. The rapid
suburbanization of residence in Chinese cities has increased the jobs-housing mismatch
and consequently the need for long-distance commuting (Zhao et al., 2011). Meanwhile,
due to the relatively low car-ownership rate in China, private cars are also commonly
seen as a symbol of wealth and social status. Therefore, from the policy perspective,
the promotion of jobs-housing balance (to reduce the need of auto trips) and the
encouragement of environment-friendly mobility culture by social media could be
effective ways to contain car ownership.

3.4 Conclusions
So far, the travel behavior literature concerning residential self-selection commonly
adopts an individual-based analytical framework. In reality, however, residential
location, car ownership and at least some daily travel are actually household-level
decisions. Considering household as the decision-making unit, this chapter investigated
the role of different household members (i.e., male and female heads) in residential and
car ownership self-selections. The results suggested that husbands’ travel attitudes
played a more important role than wives’ in the self-selections of residential built
environment and car ownership, but the wives’ seemed to dominate the decisions
concerning the commuting distances of the two household heads. For each household
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head, his/her partner’s travel attitudes as well as socio-demographics could also
confound the relationship between land use/car ownership and his/her own travel
behavior. The built environment elements still had significant impacts on travel
behaviors of both members after controlling for self-selection effects, and such impacts
varied between weekday and weekend. Finally, some unique characteristics of
residential and car ownership self-selections in the Chinese context were also identified
and discussed.
There are several limitations of this study. Firstly, only two household heads were
involved in our models. However, some other household members, such as grown-up
children, may also participate in the self-selections of residence and car ownership.
Secondly, in the present study, household members were differentiated by gender (i.e.,
male heads and female heads). In reality, intra-household power relations in travelrelated choices may depend on other personal features, such as employed status and
personal income, which can be alternative ways to stratify household members.
Unfortunately, our data includes only 75 single-earner households and 53 households
in which the wife’s income is higher than that of the husband. For these reasons, we
were not able to do further examination along these lines and left it as a direction for
future research. Thirdly, this study screened out two types of residents who did not have
the freedom to self-select their residence. This improved the reliability of the results
concerning self-selection effect but might reduce the generalizability of findings in
terms of the land use impact on travel behavior. Besides, because of the cross-sectional
nature of data, our analytical results could only suggest associations rather than
causalities. Like other studies on residential self-selection, the present study collected
data respondents’ current travel attitudes and residential built environment, which may
be different from that when residential choice was made (Mokhtarian and Cao, 2008).
The travel impacts of the built environment might also be underestimated because its
feedback effects on travel attitudes were omitted in this study. Future research should

66

try to address the bidirectional relationships between travel attitudes and the built
environment simultaneously.
Nevertheless, as an initial attempt to explore the self-selection phenomenon from the
household perspective, this study highlights the different roles of household members
in travel-related self-selection and household travel behavior decisions. Intra-household
interactions should be considered in future self-selection research because both longterm and short-term travel choices of individuals are made in the knowledge of travel
demands and preferences of other household members. Results in this research are
based on the Chinese context and may not be fully transferable to other areas. Similar
studies in other contexts are thus needed to generate more empirical evidences.
Longitudinal research with panel data is recommended to acquire valid causal
relationships on household-based travel-related self-selection. Besides, qualitative
studies are also needed to better understand the underlying motivations and process of
self-selections concerning residential location and car ownership.
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Chapter 4 The built environment-travel connection:
Considering multiple travel-based self-selections

10

4.1 Introduction and motivation
The last chapter examined the influences of residential location and car ownership on
travel behavior, considering the self-selection effect from the household perspective.
Many studies have found that individuals’ travel behavior could also be influenced by
some other long-term choices across life domains (Zhang, 2014), such as the ownership
of mobility instruments, school location (e.g. Yu and Zhu, 2015) and work location (e.g.
Rahul and Verma, 2017). Studies have suggested that compact urban forms and less
parking facilities at the workplace can reduce workers’ car usage (e.g. Christiansen et
al., 2017; Rahul and Verma, 2017; Sun et al., 2017). Similarly, land use pattern of the
school location, such as the home-school distance (Yu and Zhu, 2015) and the street
design around the school (McMillan, 2007), are important determinants of children’s
mode choice of school travels. Besides, car ownership can influence daily travel choices
directly (Hong et al., 2014; Lin et al., 2017) and mediate the relationship between the
residential built environment and travel behavior (Van Acker and Witlox, 2010; Cao
and Yang, 2017). Some other long-term choices also have significant effects on travel
behavior, such as the decisions on non-work travel destinations (Kim et al., 2017), and
the ownership of bicycle and public transport pass (Rau and Monton, 2016).

4.1.1 The multiplicity of travel-based self-selection
Similar self-selection phenomenon could also be possible for other long-term location
and mobility choices. Van wee (2009) argued that people may self-select not only their
residential locations, but also many other travel-related choices based on attitudes, such
This chapter has been published. Please refer to: Guan, X., & Wang, D. (2020). The multiplicity of self-selection:
What do travel attitudes influence first, residential location or work place?. Journal of Transport Geography, 87,
102809.
10
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as car ownership, work location, job type, and destinations for non-work trips. He thus
extended the scope of travel-based self-selection and defined it as “the tendency of
people to make choices that are relevant for travel behavior based on their abilities,
needs and preferences”. A few studies have examined the self-selection phenomenon
regarding car ownership decisions. Using joint discrete choice models, several studies
found that the unobserved factors explaining residential choice also influence the choice
of household car ownership (e.g. Bhat and Guo, 2007; Eluru et al., 2010; Pinjari et al.,
2011; Paleti et al., 2013; Bhat et al., 2016). It was explained that these unobserved
factors were likely the travel attitudes underlying both choices, but they were not
explicitly measured in these studies. Many other studies examine car ownership selfselection using structural equation models. Based on quasi-longitudinal data, Cao et al.
(2007) reported that residents who currently preferred outdoor spaciousness were more
likely to have experienced a reduction in car ownership. Van Acker et al. (2014) and
Huang et al. (2017) found that preference for driving increases car ownership, and
Ewing et al. (2016) reported that preference for auto-oriented neighborhood is
positively related with car availability. It was also found that travel-liking attitude
(Aditjandra et al., 2012) and preference for public transport (Cao and Cao, 2014; de
Abreu e Silva, 2014) encourage people to own fewer private cars.
However, attitude-based self-selection research concerning other types of long-term
choices is still limited. A few studies jointly modelled residential location choice and
other long-term choices, finding that some unobserved factors explaining residential
choice also influence the choices of work location (Tran et al., 2016), commuting
distance (Paleti et al., 2013) and bicycle ownership (Pinjari et al., 2011). However, these
studies did not explicitly consider the effect of travel attitudes. Howell et al. (2018)
found that individuals’ residential preferences predicted their exposure to nonresidential built environments, but this study did not distinguish the effects of attitudes
on different types of travel destinations (i.e. work location vs. non-work travel
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destinations). To the best of my knowledge, the only study that explicitly examined the
effect of travel attitudes on work location choice is de Abreu e Silva (2014). He found
that the preference for driving is negatively associated with working (and living) in
dense, mixed and transit-oriented urban areas in Lisbon, Portugal. In general, attitudebased self-selection is less explored for long-term choices besides car ownership and
residential location. It is still not very clear that whether travel attitudes can play a role
in other long-term choices (such as the workplace) and affect the estimation of their
causal impacts on travel behavior. Therefore, more research on the self-selection issue
concerning other long-term choices are needed.

4.1.2 The interdependencies among long-term choices
While self-selection may exist in different kinds of long-term travel-related choices,
these choices could be dependent on each other (Chatterjee and Scheiner, 2015; Zhang
and Van Acker, 2017). Several reasons may contribute to the interdependencies among
these long-term choices. First, household resources (time, money and capability) for
making various life choices are normally limited. People have to balance the resources
spending on each life choice. For example, households may have to live in suburban
areas where the housing price is lower to save money for buying private cars (Zhang
and Van Acker, 2017). Second, a certain life choice may influence the aspirations,
options and constraints of making other life choices in the future. For instance, changes
in the household structure such as marriage and childbirth can improve people’s need
and aspiration for owning a larger house (Cui et al., 2016). The work location can
influence the available choice set of residential location by affecting the transport costs
(time costs of commuting trips, and monetary costs of buying and maintaining a car) of
residing in different neighborhoods (Næss, 2009; Scheiner, 2016). In turn, the
employment density at the residential location may also determine the probability of
finding a job close to home. Third, a certain travel need may require people to make
multiple life choices simultaneously. An example is that travelers who wish to commute
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by public transport have to both live and work in neighborhoods close to transit stations.
Finally, it is also possible that people whose travel preferences are mismatched with
one life choice would try to realize them in other life choices (Howell et al., 2018). For
example, those who prefer proximity to daily travel destinations (e.g. shops and
restaurants) but work in suburban areas may tend to live in urban areas that close to
these facilities.
The interdependencies between residential choice and other life choices have been
examined in many life-oriented travel behavior researches. It has been found that key
events in one life domain can trigger the occurrence of changes in other life domains.
Rashidi et al. (2011) and Oakil et al. (2014) found that changes of both residential
location and work location can trigger the change in car ownership level. Beige and
Axhausen (2017) reported that residential relocation over life time leads to changes in
commuting distance and the ownership of public transport season tickets. In turn, the
household decision on whether to relocate the residence is also influenced by life events
in employment (e.g. job switching; Zhang et al., 2014) and mobility domains (e.g.
getting a car; Fatmi et al., 2017). Besides, changes in other life domains can not only
affect people’s residential relocation decision (i.e. to relocate home or not), but also
determine the location choice behavior (i.e. where to live). For example, based on a
Web-based life-story retrospective survey in Japan, Yu et al. (2017) found that people
who experienced changes in work location during the last five years are more likely to
reside in urban areas that close to the railway station at present than others. Fatmi et al.
(2017) concluded that suburbanite households in Halifax, Canada have a higher
preference for larger-sized lots in residential choice if they experienced a job change
recently. Altogether, these studies indicated that residential choice and other long-term
choices are closely associated over the life course.
The close relationships among life choices makes it necessary to investigate different
types of travel-based self-selections jointly. On one hand, households may self-select
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the residential location by not only travel attitudes, but also other long-term choices
(e.g. work location). Other long-term choices may confound the linkage between the
residential built environment and travel behavior in such a case (Zhang, 2014), as
additional sources of residential self-selection (besides attitudes and socio-demographic
traits). On the other hand, it is also plausible that people make other long-term choices
based on the residential location. Such influence may not come into effect
instantaneously, because people need time to invest necessary resources to adapt other
long-term choices according to their residential choices (Oakil et al., 2014). But if so,
the residential built environment would have a long-term and indirect impact on travel
behavior by affecting future choices in other life domains. Therefore, in both cases, the
travel impact of the residential built environment could be easily misestimated if other
long-term decisions are neglected in residential self-selection research.
Two issues need further exploration for understanding the associations among travelbased self-selections. First, which long-term choice is made first and set as the condition
of other choices? Current travel behavior literature has not clarified such choice order
sufficiently, especially for that between residential location and work location choices.
Studies on joint modelling of multiple life choices typically assumed that residential
location and other long-term choices are self-selected independently (Eluru et al., 2010;
Bhat et al., 2016; Tran et al., 2016), while the possible sequential structure between
them are ignored. Many other researches treated residential location as an outcome of
work location. For example, some residential choice studies viewed commuting
distance as a neighborhood land use attribute that been considered in residential choice
process (e.g. Olaru et al., 2011), following the logic that people choose the housing
based on (its proximity to) their work locations. Besides, a few life-oriented travel
researches have examined the effect of work location on the residential built
environment (e.g. Yu et al., 2017; Zhao et al., 2017). However, few studies have
investigated the influence of residential location on the choice of work location,
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although such reversed effect has been argued to be plausible in some articles (Zhang
et al., 2014; Zhang and Van Acker, 2017). Second, how long-term choices made in
different life domains influence each other exactly? As an example, if working in urban
areas encourages people to reside also in an urban neighborhood? However, the
majority of existing research concerning the interdependencies among life choices
focus on "whether changes happen (e.g. job switching or not)" rather than "what the
choices are (e.g. spatial location of the workplace)". These studies provide evidence on
whether different long-term choices influence each other, but not on what exactly the
influence is.

4.1.3 Research Objectives
To better understand the self-selection phenomenon and thus the impact of the built
environment on travel behavior, this chapter aims to fill these research gaps by
exploring the multiplicity of travel-based self-selection. This study focused on the
following research questions: 1) whether and how people self-select residential location,
work location car ownership, and commuting distance by travel attitudes; 2) the
associations among these long-term choices, and in particular, the sequential structure
between residential location and work location choices; 3) The impact of the built
environment (of residential and employment locations) on travel behavior after
controlling for the self-selection effect and interdependencies among these long-term
choices. Data was derived from the activity-travel diary survey in 2016 in Beijing,
China. This research highlights the value of life-oriented approach in residential selfselection research, and the need to involve other life choices into the analysis of the
relationship between the residential built environment and travel behavior. The
respondents were classified into two groups based on the choice order of their current
residential and work locations, and conducted a comparative analysis using structural
equation models. The modelling results can help clarify the existence of multiple travelbased self-selections as well as the sequential structure between residential location and
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work location choices. Both issues are highly relevant for making mobility and land use
policies, especially for those concerning co-location of workplace and residence.

4.2 Conceptual framework, data and variables
4.2.1 Conceptual framework
Figure 4.1 represents the theoretical framework for investigating the multiplicity of
travel-based self-selection. Previous studies shown that people tend to make decisions
on residential location and car ownership based on their travel attitudes and sociodemographic traits (Cao et al., 2009a; Van Acker et al., 2014), and many other longterm choices may also be the options for people to self-select (Van wee, 2009). It is thus
reasonable to hypothesize that travel attitudes (and socio-demographics) also influence
travel-related choices in other life domains. This research focuses on the self-selection
concerning four different long-term choices, including residential location, work
location, commuting distance, and car ownership. Future research can extend this
framework by including other life choices, such as school location and bicycle
ownership.

(a) Group I: choose the residence first

(b) Group II: choose the workplace first

Figure 4.1 Conceptual model
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Different life choices such as residential location and work location have been found to
be related in many life-oriented travel studies. It is possible that the built environment
around the workplace influences an individual’s residential location choice and vice
versa (Zhang et al., 2014; Zhao et al., 2017). As discussed in section 4.1.2, this brings
an issue of the sequential structure between these two long-term choices, which is of
importance to understand the built environment impact on travel behavior. To address
this problem, we classified our respondents into two groups by whether they relocated
to current home before (group 1) or after (group 2) starting their current jobs. We
constructed a model for each group separately. For the first group, it is reasonable to
assume that residential location is self-selected first and it determines choices of work
location and commuting distance (Figure 4.1a). For the second group, however, it
should be considered that work location influences the decisions on residential location
and commuting distance (Figure 4.1b). A comparison between the results of two models
generates insights into the sequential structure between two location choices. It could
be concluded that two location choices are interdependent if both models are supported,
or that residential (work) location is a determinant of work (residential) location choice
but not vice versa if only the first (second) model holds true. Besides, while residential
location and car ownership may also need to be treated as inter-related choices,
information about the time of car transaction is not included in our data unfortunately.
As a result, we are unable to explore the sequential structure between residential
location and car ownership choices by a similar approach. To simplify the model, we
hypothesize that residential location and work location affect car ownership decisions,
based on the findings of recent studies that car ownership mediates the influence of the
built environment on travel behavior (Van Acker and Witlox, 2010; Cao and Yang, 2017;
Ding et al., 2017).
Finally, both travel attitudes and these long-term location and mobility choices
influence people’s travel behavior. Our models estimated the independent impacts of
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these long-term choices on travel behavior by controlling for the effects of multiple
self-selections. Besides, by involving the linkages among different long-term choices,
the indirect effect of the built environment (of both residential and work locations) on
travel via other long-term choices is also captured.

4.2.2 Data collection
This study also used the data from the two-day activity-travel diary survey conducted
from September to November 2016 in Beijing, China. Beijing is a largely monocentric
city and Tiananmen Square is conventionally regarded as the city center. The sampling
area includes twelve urban districts in the south of Beijing, and the four outer suburban
districts (Yanqing, Huairou, Miyun and Pinggu) in the north, which are basically rural
area, were not included. Besides the information on the residential built environment,
car ownership and household/individual socio-demographics, information on the work
location and commuting distance were also collected for employed respondents. We
also asked the respondents “how long you have lived (and worked) in your current
residence (and workplace)” to help identify the choice order of these two location
choices. The activity-travel diary required respondents to report all the activities and
travel episode in a sequential order for one weekday and one weekend day. Because
this study examined the effect of the workplace on travel behavior, we used the travel
behaviors derived from the weekday activity-travel diary for multivariate analyses.
Besides, the questionnaire includes 28 statements regarding the preferences for
choosing a residence and attitudes toward different travel modes. Respondents gave
their answers on the 5-point Likert-scale from “strongly disagree” to “strongly agree”.
In total, 1884 individuals from 800 households successfully completed the
questionnaire.
There are 1412 respondents who were employed at the time of the travel survey. Among
them, 781 respondents relocated their residences before starting the current job and

76

were thus classified into the first group. The second group includes the rest 631
individuals. Note that in both groups, there are individuals from the same households.
To avoid the potential bias due to the associations among these observations, we kept
the household head (which is self-reported in the household survey) only in such cases.
The final sample for this study includes 467 and 387 individuals in the first and second
groups, respectively.

4.2.3 Measures of variables
We used four types of variables to characterize the built environment at the residential
and work locations, including the distance from home/workplace to the city center (the
Tiananmen Square), the walking time from home/workplace to the nearest bus/metro
station, and commuting distance (Table 4.1). Specifically, the distance from
home/workplace to the city center was calculated by geographical coordinates of
home/workplace and the Tiananmen Square, while the latter three variables are selfreported by the respondents. Car ownership level was measured by the number of
private cars in the household.
The respondents’ travel behaviors were measured by their travel durations by different
modes on weekdays, including car (private car and taxi), transit (bus and metro), and
non-motorized modes (walking and cycling). These variables could reflect the mode
choice of respondents to some extent. Our models include a series of household-level
(household income and size) and individual-level (age, gender, education level and the
ownership of driving license) socio-economic attributes as exogenous variables.
Because some recently studies in China have indicated that Hukou could be an
important factor in residential and travel choices for urban Chinese (e.g. Yao and Wang,
2018), we also include Hukou in our models. Individuals were labelled as “1” if he/she
had Beijing Hukou at the time of survey, and “0” otherwise.
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Table 4.1 Sample profile
Variable name Description
Socio-demographics
Household
Monthly: 1 (4000-5999); 2 (6000income
7999);…13 (70000-79999); 14
(>=80000)
Household size Number of family members living
together
Age
1 (19-29); 2 (30-39); 3 (40-49); 4 (5059)
Gender
1 (male); 0 (female)

Mean/%

Std.

6.67/7.07

2.16/2.59

2.73/2.68

0.70/0.69

2.12/2.30

0.87/0.95

Education level

4.82/4.95

1 (primary school and below); 2
(middle school); 3 (high school); 4
(Three -year college diploma); 5
(Bachelor); 6 (Master &+)
Hukou
1: for Beijing; 0: for other cities
Driving license 1 (yes); 0 (no)
The built environment
Home-center
Euclidean distance from home to the
distance
city center (km)
Home-bus
Walking time from home to the nearest
distance
bus station (mins)
Home-metro
Walking time from home to the nearest
distance
metro station (mins)
Work-center
Euclidean distance from the workplace
distance
to the city center (km)
Work-bus
Walking time from the workplace to the
distance
nearest bus station (mins)
Work-metro
Walking time from the workplace to the
distance
nearest metro station (mins)
Commuting
Self-reported travel distance for
distance
commuting trip (km)
Car ownership Number of household private cars
Travel behavior
Travel time by Travel time by private car on a weekday
car
(mins)
Travel time by Travel time by bus/metro on a weekday
transit
(mins)
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54%/65%
0.70/0.77

72%/67%
79%/90%

15.86/15.64

12.14/12.03

8.25/7.61

5.94/5.43

17.22/16.67

25.59/29.25

13.15/13.09

11.26/10.93

6.92/6.67

5.37/4.69

16.33/20.01

32.78/55.43

16.89/16.34

25.17/51.91

0.78/0.83

0.55/0.57

38.20/41.25

46.37/49.24

35.28/27/71

49.65/47.76

Travel time by Travel time by walking/cycling on a
8.52/12.76
24.13/28.88
non-motorized weekday (mins)
modes
Notes. Numbers before and after “/” represent the values for the first/second group,
respectively.
Attitudinal factors were derived from principal component analyses for 27 attitudinal
statements in the questionnaire: 10 on residential preferences and 17 on travel mode
attitudes. Factor scores were calculated in SPSS version 24.0. We pooled the data of
two groups in factor analysis to ensure the factor scores between two groups
comparable, resulting in a sample size of 854 for the factor analysis. The factor analysis
revealed two factors of residential preferences and five factors of travel attitudes. Table
4.2 and Table 4.3 show the items with factor loading larger than 0.50. We selected five
attitudinal factors in the following multivariate analysis: pro-accessibility (prefer the
proximity to daily travel destinations in residential choice), pro-safety (prefer safety in
residential choice), pro-driving (prefer driving), pro-alternatives (prefer alternative
modes than driving) and active-liking (like non-motorized travel modes). The rest two
factors were not included because they are weakly associated with the self-selection
issue.
Table 4.2 Factor loadings concerning residential preferences
Factor loadings
Pro-accessibility
0.702
0.691
0.630
0.600
0.518

Item

Pro-safety

Easy access to recreation facilities
Easy access to public transit stations
Neighborhood with good green area
Easy access to high-quality schools
Easy access to shopping malls
Low crime rate within neighborhood
0.779
Good street lighting
0.760
Safe neighborhood for walking
0.741
Low level of car traffic on neighborhood streets
0.725
Safe neighborhood for kids to play outdoors
0.695
Note. Total variation explained: 52.97%. Items with loading larger than 0.50 are
shown.
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Table 4.3 Factor loadings concerning travel attitudes

Description

Factor loadings
ProProdriving alternatives

Active
-liking

Car
indifference

Meaning
of car to
me

Traveling by car is safer
0.699
overall than taking transit
Getting to work without a car 0.692
is a hassle
Traveling by car is safer
0.684
overall than walking
I like driving
0.576
I need a car to do some of the 0.558
things I like to do
Traveling by car is safer
0.518
overall than cycling
I prefer to walk rather than
0.748
drive whenever possible
I prefer to bike rather than
0.740
drive whenever possible
I prefer to take transit rather
0.701
than drive whenever possible
I like to drive just for fun
0.532
I like walking
0.778
I like riding a bike
0.703
I like travelling by public
0.590
transit
It does not matter to me
0.771
which type of car I drive
The car is nothing more than
0.751
a convenient way to get
around for me
The car is a symbol of status
0.747
to me
I feel free and independent
0.739
when I drive
Note. Total variation explained: 60.46%. Items with loading larger than 0.50 are shown.
The sample in this research includes employed individuals only, so that it is not
representative of the general population in Beijing in 2016 (Beijing Statistical Yearbook,
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2017). As shown in Table 1, the average household size of both groups tends to be larger
than the general population (2.73/2.68 vs. 2.60). Males are also overrepresented in the
sample to some extent (54%/65% vs. 51%). Nevertheless, since our research focuses
on the associations among variables, such bias is expected to be less critical.

4.3 Empirical analyses and findings
A structural equation model was constructed for each group of respondents following
the conceptual framework in Figure 1. Socio-demographics were exogenous variables
in the models and the other variables are endogenous. We transformed the variable
“commuting distance” into logarithm form because its distribution is right-skewed. The
two structural equation models were estimated by maximum likelihood (ML) method
in AMOS, version 20.0. The bootstrapping procedure was adopted to address the
categorical data involved in the model and the violation of multivariate normality of the
data (Byrne, 2010). Both models fit the date quite well, as suggested by several
commonly used goodness-of-fit indicators (Chi-square/df = 1.437/0.654; CFI =
0.994/0.998; GFI = 0.993/0.996; NFI = 0.984/0.992; RMSEA = 0.031/0.017; for the
model of the first/second group, respectively).

4.3.1 Self-selections concerning residential location, work location and
car ownership
Table 4.4 and 4.5 illustrate the effects of travel-related attitudes on the built
environments, car ownership and travel behavior. In general, self-selection exists in
residential location choice, work location choice and car ownership decisions for two
groups of respondents. As expected, people who prefer driving tend to live far from the
city center and transit stations (for both groups). In the contrary, those preferring
destination accessibility in residential choice are more likely to live close to the city
center (for both groups) and metro stations (group I). It is also found that residents who
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like active travels or prefer a safety living environment tend to live far from transit
stations (group I), probably because areas close to transit stations are too crowded for
walking, cycling and play outdoors. Besides, people preferring alternative transport
modes have a higher likelihood to live near metro stations (group II), in order to use
public transit for daily trips.
Table 4.4 Standardized direct effects of travel attitudes on travel-related decisions
(group I)
From

Travel attitudes
ProProActivedriving
alternatives liking

Residential preferences
ProProaccessibility safety

To
Built environment (residence)
Home-center distance 0.164***
-0.245***
Home-bus distance
0.122***
0.090*
Home-metro distance 0.091**
-0.104*
0.103*
Built environment (workplace)
Work-center distance
0.089*
-0.131***
Work-bus distance
0.153***
-0.075*
Work-metro distance
-0.084***
Commute distance
0.172***
-0.078*
Car ownership level
0.092**
0.071*
Travel behavior
Travel time by car
-0.067*
Travel time by transit
0.108*
Travel time by non-0.063*
0.084*
motorized modes
Notes. ***significantly different from zero at p < 0.01; **significant different from zero
at p < 0.05; *significant different from zero at p < 0.10.
In terms of the work location, in group I, respondents who prefer destination
accessibility tend to work far from the city center. This is reasonable because
respondents’ workplaces are normally closer to the city center than their residences in
our sample (see Table 4.1). In such a case, working far from the city center may
represent a short commuting distance. These respondents also choose to work in areas
with good access to transit facilities. In group II, in line with the previous study in
Europe (de Abreu e Silva, 2014), we also found that “pro-driving” has a positive effect
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on the distance between the workplace and the city center. Besides, workers who like
non-motorized travel modes are more likely to work in urban areas that close to metro
stations. The attitudinal factor “pro-safety” shows a negative effect on work-center
distance in both models.
Table 4.5 Standardized direct effects of travel attitudes on travel-related decisions
(group II)
From

Prodriving

Travel attitudes
ProActivealternatives liking

Residential preferences
ProProaccessibility safety

To
Built environment (workplace)
Work-center distance 0.072*
-0.083*
-0.084**
Work-bus distance
0.119**
Work-metro distance
-0.102**
Built environment (residence)
Home-center distance 0.164***
-0.189***
Home-bus distance
-0.074*
0.109**
Home-metro distance
-0.152***
Commute distance
0.203***
-0.116*
Car ownership level
0.102*
-0.196**
0.143**
Travel behavior
Travel time by car
-0.169***
-0.108*
0.097*
Travel time by transit
Travel time by non0.114*
-0.086*
motorized modes
Notes. ***significantly different from zero at p < 0.01; **significant different from zero
at p < 0.05; *significant different from zero at p < 0.10.
Travel-related attitudes also influence the decisions on commuting distance and car
ownership. Commuting distance is positively related with the factor “pro-driving” and
negatively associated with “pro-accessibility” in both models. This result is consistent
with previous studies (e.g. Bagley and Mokhtarian, 2002). Similar associations are also
found between these two attitudinal factors and car ownership for respondents in group
II (Van Acker et al., 2014; Huang et al., 2017). Besides, people’s preference for safety
has a positive influence on car ownership in both models. This result may be explained
by that car is considered as a safer transportation mode than public transport, walking
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and cycling. However, it is noteworthy that some attitudinal factors are mismatched
with long-term choices. For example, the preference for alternative modes is positively
related with the distance from the workplace to bus station (in both models) and car
ownership (group I). These results indicate that there exist dissonances between the
work location/car ownership and travel attitudes. We will discuss this issue in more
detail in the section 4.3.4 “Discussion”.
Travel-related attitudes not only determine these long-term choices, but also affect
people’s daily travel behavior. For instance, the preference for accessibility decreases
the travel duration by car for respondents in both groups. People who like active travel
modes are found to travel by walking or cycling for longer time (group I), and those
who prefer alternative modes than car drive less significantly than others (group II).
Therefore, travel-related attitudes may be confounders of the relationships between all
these long-term choices and travel, which may lead to self-selection bias.

4.3.2 The relationships among travel-based self-selections
While self-select phenomenon exists in different long-terms choices, these long-term
choices are also related with each other in our research. Table 4.6 and 4.7 represent the
influences among the residential location, the work location, commuting distance, and
car ownership in two models. It is found that residential location and work location are
interdependent. For respondents in group I (who relocated before starting their current
jobs), they tend to work in urban areas if they live close to the city center. Also, their
workplaces are more likely to have a good transit access if that is the case for their
residential neighborhoods. Meanwhile, for respondents in group II (who relocated after
starting their current jobs), work-center distance shows a positive effect on home-center
distance and home-bus/metro distance.
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Table 4.6 Standardized direct effects among long-term choices (group I)
Built environment (residence)
Built environment (workplace)
HomeHomeHomeWorkWorkWorkFrom
center
bus
metro
center
bus
metro
To
distance
distance
distance
distance distance distance
Built environment (workplace)
Work-center distance 0.555***
---------Work-bus distance
0.217***
0.192***
---------Work-metro distance 0.100*
0.391***
---------Commute distance
0.178***
---------Car ownership
0.106**
-0.097***
-0.099* -0.075* 0.110**
***
**
Notes. significantly different from zero at p < 0.01; significant different from zero
at p < 0.05; *significant different from zero at p < 0.10.

Table 4.7 Standardized direct effects among long-term choices (group II)
Built environment (workplace)
Built environment (residence)
WorkWorkWorkHomeHomeHomeFrom
center
bus
metro
center
bus
metro
To
distance
distance
distance
distance distance distance
Built environment (residence)
Home-center distance
0.505**
0.186**
---------Home-bus distance
0.174*** 0.179***
---------Home-metro distance
0.094*
0.184**
0.467*** ---------Commute distance
-0.134*
0.094**
---------Car ownership
0.080*
-0.069*
***
**
Notes. significantly different from zero at p < 0.01; significant different from zero
at p < 0.05; *significant different from zero at p < 0.10.
Accessibility to bus/metro station at the work location is also positively associated with
that at the residential location. Such positive interdependences between the residential
and work locations could be explained by several reasons. First, workers in urban China
normally prefer short commute (Wang and Lin, 2014). Those living (or working) in
urban areas will prefer to work (or live) also in urban areas in order to shorten the
distance for commuting trip. Second, because of the relatively lower car ownership and
car restriction policies in Beijing, many people have to rely on public transport for
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commuting. In such a case, workers who live (or work) in areas close to bus/metro
stations would prefer to work (or live) also in areas with good transit access for the ease
of commuting by public transit. Besides, it is also plausible that some common factors
that not involved in our models determine residential and work location choices
simultaneously. For example, an individual who dislikes travelling may choose to both
live and work in urban areas to avoid long-distance trips in daily life.
Both the residential and work locations influence the decisions on commuting distance.
Individuals tend to have a longer commuting trip if they live in suburban areas (Table
4.6) or work in urban areas (Table 4.7). This is reasonable because employment density
is usually lower in suburban areas than in urban areas. Thus, it is more difficult for
suburban residents to find a job close to home. Besides, due to the extremely higher
housing price in the city center in Beijing, it is also hard for many people working near
the city center to find an affordable residence nearby. Access to metro stations has no
significant influence on commuting distance, and the distance from the workplace to
bus station shows a positive effect on commuting distance. These results indicate that
good transit access can hardly encourage workers in Beijing to accept longer
commuting trips.
Car ownership decisions are also determined by both residential and work location
choices. Similar with commuting distance, car ownership is positively associated with
home-center distance and negatively related with work-center distance (group I).
Besides, work-metro distance has a positive influence on car ownership in both models.
This is easy to understand since people who work in areas far from the railway stations
are more likely to rely on private cars for commuting. However, it is found that the
distance from home/workplace to bus station shows an opposite influence on car
ownership in both models. This result reveals that workers in Beijing may not consider
“bus” as an alternative mode of car like metro. It is also possible that neighborhoods
around bus stations have higher land use diversity, which provides more parking

86

facilities and increases car ownership (Guo, 2013; Ding et al., 2017). Inconsistent with
previous studies in China (e.g. Cao and Yang, 2017), commuting distance has no
significant relationship with car ownership. This result may be explained by that the
built environment at the workplace has been involved in our models.

4.3.3 The influences of long-term choices on travel behavior
After controlling for the self-selection effect, all the long-term choices have significant
impact on travel behavior. As shown in Table 4.8 and 4.9, a longer commuting distance
increases the travel time by motorized modes (car and transit) and reduces
walking/cycling travels in both models. This is reasonable since non-motorized travel
modes are inappropriate for long-distance trips. Not surprisingly, car ownership has a
positive effect on driving and negative effects on travels by other transportation modes.
The built environment at residential and work locations also shows direct impacts on
travel behavior. Specifically, in both models, the distance from home to the city center
influences driving positively, and the work-center distance influences transit use
negatively, which is in line with previous studies exploring the impact of residential and
work locations on travel (e.g. Christiansen et al., 2017; Sun et al., 2017). For
respondents who relocated home after starting the current job (group II), living in urban
areas can significantly improve their walking or cycling duration. This is probably
because there are more facilities within walking or cycling distance in CBD areas.
Besides, the distance from the workplace to the city center has a positive direct effect
on the walking/cycling behavior of the second group of respondents. However, out of
expectation, we found that transit access at the residential location shows positive
impacts on car use, especially the access to bus stations. This result, again, may due to
the mixed land use in areas around bus stations. Because it is also possible that mixed
land use pattern reduces the share of car use while increasing total and driving travel
durations, we re-estimated our models including “share of travel time by car in total
travel time” instead of “travel time by car”. However, transit access still shows similar
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positive impacts. Thus, people living around bus stations do prefer driving in our case.
Table 4.8 Standardized effects of long-term choices on travel behavior (group I)
From

To

Effects

Travel time
by car

Built environment (residence)
Home-center distance (Total) (0.200***)
Direct
0.135**
Indirect 0.065*
Home-bus distance
(Total) (-0.146***)
Direct
-0.105**
Indirect -0.041***
Home-metro distance (Total) (-0.091*)
Direct
-0.069
Indirect -0.022
Built environment (workplace)
Work-center distance (Total) (0.015)
Direct
0.046
Indirect -0.031**
Work-bus distance
(Total) (-0.051)
Direct
-0.027
Indirect -0.023*
Work-metro distance (Total) (-0.018)
Direct
-0.016
Indirect 0.034***
Commute distance
Direct
0.117***
Car ownership
Direct
0.311***
***
**
Notes. p < 0.01; p < 0.05; * p < 0.10.

Travel time Travel time by nonby transit
motorized modes
(-0.070*)
0.025
-0.094***
(0.034)
0.003
0.031**

(-0.167**)
-0.195***
0.028**
(0.014)
-0.035
0.021*
(-0.024)
-0.007
-0.031***
0.177***
-0.277***

-0.195***

Table 4.9 Standardized effects of long-term choices on travel behavior (group II)
From

To

Effects

Travel time
by car

Built environment (workplace)
Work-center distance (Total)
Direct
Indirect
Work-bus distance
Work-metro distance (Total)

Travel time Travel time by nonby transit
motorized modes
(-0.114**)
-0.086*
0.028

(0.134**)
0.219**
-0.084**
(-0.106**)
-0.057
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Direct
Indirect
Built environment (residence)
Home-center distance (Total) (0.131**)
Direct
0.108*
Indirect 0.023
Home-bus distance
(Total) (0.033)
Direct
0.062
Indirect -0.030*
Home-metro distance
Commute distance
Direct
0.124**
Car ownership
Direct
0.431***
***
**
*
Notes. p < 0.01; p < 0.05; p < 0.10.

-0.049*

(0.006)
-0.026
0.020*

(-0.200**)
-0.188**
-0.012
(-0.011)
-0.027
0.015**

0.249**
-0.296***

-0.096*
-0.224***

Figure 4.2 Indirect effects of residential and work locations on travel behavior
It should be noted that both the residential and work locations have indirect influences
on travel because of the close relationships among these long-term choices (as
illustrated in Figure 4.2). For example, home-center distance has a positive indirect
effect on transit use through commuting distance, and negative indirect effects via
work-center distance and car ownership (group I). Table 4.8 shows that living far from
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the city center discourages transit use in total because of these indirect effects, though
its direct impact is nonsignificant in the model. Meanwhile, work-center distance
affects travel time by walking/cycling indirectly and negatively by affecting residential
location choice, and such indirect influence weakens its direct (and positive) influence
on non-motorized travels. Besides, transit access at residential and work locations also
impacts individuals’ travel choices indirectly through commuting distance and car
ownership.

4.3.4 Discussion
Our study confirms the multiplicity of travel-based self-selection. For both groups of
respondents, their decisions on residential location, work location, commuting distance,
and car ownership are all significantly influenced by travel mode attitudes and
residential preferences. Compared with residential self-selection, self-selection
concerning the workplace seems weaker. This is in line with expectation since job
location choice is largely dominated by non-travel factors such as the work treatment.
Nevertheless, the modelling results indicate that self-selection phenomenon does exist
in long-term choices besides the residential location (Van wee, 2009), at least in work
location choices. Therefore, the self-selection effect should better also be addressed in
studies on other long-term choices and travel behavior.
This research also suggests the necessity of exploring various travel-based selfselections jointly. First, we found that besides attitudinal factors, the built environment
at work locations also affects people’s residential location choice, and vice versa (Table
4.6 and 4.7). In such a case, work (or residential) location could be another source of
residential (or workplace) self-selection. Thus, the impact of travel attitudes on the built
environment may be misestimated if residential self-selection is examined
independently. For example, we found more significant effects of travel attitudes on the
residential built environment in model I (Table 4.4) than in model II (Table 4.5). This
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is probably due to the different samples used in two models. However, it is very possible
that controlling for the workplace built environment in model II is another reason.
Second, considering other long-term choices is also necessary to estimate the direct
impact of residential location on travel behavior more accurately. Because work
locations affect both residential choice and daily travel choices (Table 4.8 and 4.9), they
may be confounders of their relationships and need to be controlled for (Zhang, 2014).
This might also be the case for other life choices like school locations. Third, it is
essential to analyze various travel-based self-selections jointly to assess the secondary
impact of the built environment on travel. The modelling results reveal that residential
and work locations are mutually dependent in the long run. As a result, each location
choice has indirect impacts on travel behavior via the other location choice (Figure 4.1).
Such secondary impact of the built environment could be easily neglected in previous
residential self-selection studies.
The research findings highlight the importance of job-housing balance in future urban
planning. It is found that residents living in urban areas have a high preference to also
work in urban areas for the ease of short commute or using public transport, and vice
versa. However, as shown in Table 4.6 and 4.7, suburban residents and workers in
central urban areas still suffer from long-distance commuting in general. This finding
reveals a serious job-housing separation in Beijing at present. From this point of view,
providing more affordable housing in urban areas or more employment opportunities
in suburban areas are essential for shorten commuting trips and finally alleviate car
dependency in the future. Car restriction policies (e.g. license plate lottery and road
space rationing) are also necessary for controlling car use in Beijing. The modelling
results show that household car ownership has more substantial influence on people’s
travel pattern than land use attributes. Besides, planners should also consider how to
adapt travelers’ attitudes. Individuals’ attitudes affect not only the residential choice,
but also other life choices including the workplace. In this case, a sustainable-oriented

91

mobility culture would encourage the citizens to both live and work in compact urban
areas over the life course, and reduce their car usage in the long run.
Another noteworthy issue for urban planners is the gentrification trend of transitoriented-development (TOD). Even though TOD is initially built to benefit low-income
groups, it could result in increases of real estate values and housing price, then potential
gathering of high-income groups (who normally have lower demands for transit use),
and consequently unexpected changes in travel pattern in transit rich areas (Kahn, 2007).
The empirical results in our study are highly consistent with this trend. We found a
substantial dissonance between respondents’ attitudes (pro-alternatives) and transit
access at residential and work locations (Table 4.4 and 4.5). This means many travelers
who prefer alternative modes than car cannot find transit rich areas to live and work in.
At the same time, residents around bus stations drive more, rather than expected less,
than others (Table 4.8 and 4.9). These findings suggest the gentrification of TODs in
Beijing today. Affordable housing near transit stations are greatly needed to
accommodate people from all social classes and maximum the potential of TODs in
encouraging sustainable travels.

4.4 Conclusions
Despite the affluent literatures on residential self-selection, the self-selection issue has
less been explored in other long-term choices. This research examined the influence of
travel attitudes on multiple long-term choices, including residential location, work
location, commuting distance, and car ownership. The associations and sequential
structure among these long-term choices were also considered. Our empirical study in
Beijing, China provides evidence on the multiplicity of travel-based self-selection, and
highlights the necessity of addressing self-selection in future studies on long-term
choices and travel behavior. We also found that residential and work location choices
are highly dependent on each other in Beijing. Specifically, people tend to in live in

92

areas with similar land use characteristics of his/her workplace, and vice versa. Because
of this, residential (or work) location has indirect impacts on travel behavior in the long
run by affecting future work (or residential) location choices.
The present research could be extended along several directions. First, because this
study focuses on the self-selection effect, we have not examined the feedback effect
from the built environment to attitudes (Næss, 2009; Lin et al., 2017). This may lead to
an underestimation of the built environment impact on travel. Future studies could try
to address the reciprocal influences between the built environment and travel behavior
simultaneously. Second, we matched travel attitudes at present with long-term choices
that decided previously, a concern that commonly exists in cross-sectional and quasilongitudinal self-selection studies (Aditjandra et al., 2012; de Abreu e Silva, 2014; Cao
and Yang, 2017). Similar studies could be favored by using true panel data. Third, the
sample is divided abruptly by the time points of starting work and residential relocation.
However, it is possible that people anticipate the future job switching, and relocate
home before starting the job. Such anticipation effect may bias the examination of the
causality between residential and work location choices, and should be considered in
future research. A practical method to solve this problem is simply asking the question
in future surveys: did you obtain your present job first and then decide where to live, or
the other way around, or did you choose them both simultaneously? The respondents’
answers on this question will help clarify the choice order between two location choices.
Finally, although our models include attitudes toward travel modes and residential
neighborhoods, people’s preferences for choosing the workplace might not be fully
represented by these attitudinal factors. Future travel surveys may collect information
on preferences for work location choice (and possibly other long-term choices also) in
particular. Such information would help investigate attitude-based self-selections on
different types of long-term choices more accurately.
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Chapter 5 The built environment-travel connection:
Considering the interdependencies between partners’
travel behaviors11
5.1 Introduction and motivation
The findings in the last two chapters challenge the underlying assumptions of previous
land use-transport studies, which are normally based on a single individual and a single
long-term choice (i.e. residential location). The underlying assumption of these studies
is that people make their travel decisions independently, so that we can evaluate the
travel benefits of land use policies for the whole population by examining individuals’
travel responses. However, both long-term choices and daily travel behavior could be
household-level decisions that involve more than one member. At the same time,
household members may make decisions on multiple long-term choices, which
influence the travel decisions of different household members simultaneously (as
illustrated in Figure 1.1b). These facts make it necessary to reconsider and reexamine
the relationships among the built environment, travel attitudes, and travel behavior
based on a broader theoretical framework, including different household members and
multiple long-term choices (residential location and work location) jointly.
Although the last two case studies have made attempts following the household-based
framework in Figure 1.1b, they are still inadequate. The study in chapter 3 addressed
intra-household interactions in long-term choices (residential location and car
ownership), but has not considered the intra-household interactions in travel behaviors.
The study in chapter 4 examined the self-selection concerning multiple long-term
choices and their joint effects on travel behavior. However, to improve the accuracy of

This chapter has been published. Please refer to: Guan, X., & Wang, D. (2019). Influences of the built environment
on travel: A household-based perspective. Transportation Research Part A: Policy and Practice, 130, 710-724.
11
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modelling results, the models are based on individuals. How different household
members’ travel attitudes contribute to the work location choices has not been examined.
Based on these two studies. This chapter presents as empirical research following on a
broader household-based analytical framework. It fills the research gaps left by the last
two studies, and provides a more comprehensive understanding on the land use-travel
relationship.

5.1.1 Rethink land use-travel relations from a household perspective
As discussed in section 2.3.2, numerous studies have suggested that individuals of the
same household tend to coordinate their daily trips based on the travel demands of all
the members, in order to satisfy the overall household travel needs under spatial and
resource constraints. Such intra-household interactions, however, may complicate the
relationship between the built environment and travel behavior from several aspects:
First, the built environment could have different and even contrast effects on different
household members’ travel behaviors. Travel decisions of household members are
determined by the built environment of their residential neighborhood and work
locations (Maat and Timmermans, 2009; Scheiner and Holz-Rau, 2012a). However, on
one hand, household members may have varied travel sensitivity to the land use change
because their relative powers in household travel decisions are different (Yang et al.,
2017). The member with the highest decision-making power may adjust his/her travel
more easily, and thus be more sensitive to the built environment than others. On the
other hand, because of the trade-offs in household car allocation, one member’s work
environment may have contrast effects on the car usages of his/her own and other
members (Maat and Arentze, 2012). For instance, in car-deficient households, good
transit services at the husband’s workplace may reduce his car use, but increase his
wife’s car use at the same time since the car becomes more available for her. In both
cases, the travel impact of land use policies for the whole household may be neutral,
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and could be misstated by individual-based analyses.
Second, land use policies may have a secondary travel impact through the intrahousehold travel dependencies and social influence. Because they share the same
household resources and tasks, one household member’s travel choice can change the
travel ability or demand of another member. Travel behaviors of different household
members may thus be interdependent. Theoretically, one member’s travel pattern can
have an either positive impact on other members’ travels because of joint out-of-home
activities and social influence (Kroesen, 2015; Susilo and Liu, 2016), or negative effect
due to intra-household allocations in vehicles and tasks (e.g. escorting the child to
school). Therefore, the built environment may influence one member’s travel behavior
indirectly by shaping another member’s travel choice. Such secondary travel impact of
the built environment has important policy implications. Land use policies can result in
an additional success in moderating travel behavior if household members’ travels are
mutually promoted, but less than expected travel outcome if they are complemented.
Further, taking the partner as an example, it is possible that travel pattern of the male
head is decided first, which then encourages the female head to develop a similar travel
pattern, but not the other way around. In such a case, land use policies that can reduce
the car use of the males (rather than the females) should be the priority to implement to
achieve secondary travel outcomes. However, this indirect land use effect on travel
behavior is typically ignored in previous studies from an individual-based perspective.
Besides, land use-transport research needs to control for the travel attitudes of different
household members simultaneously to address the self-selection bias. Personal travel
attitudes may influence travel behavior and the residential/work location choice
simultaneously, and thus confound the relations between them (Cao et al., 2009a).
However, for an individual of the household, travel attitudes of other household
members might have a similar confounding effect. On one hand, travel attitudes of
household members may influence each other’s travel behavior because of two reasons.
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First, household members may decide their daily travels jointly based on not only their
travel demands, but also their travel preferences. For instance, it is plausible that the
male head will use the car more frequently when he likes driving much more than his
wife, and the partners will have more joint walking trips if walking is a preferred travel
mode for both. Second, one household member’s attitudes might also affect another’s
travel behavior through social influence. According to the Theory of Planned Behavior
(Ajzen, 1991), people’s intentions to travel are affected by the subjective norms, which
represent the social pressure from significant others to perform a certain behavior.
Travel attitudes of other household members, who should be viewed as the most
significant others (Kroesen, 2015), will very likely affect the formation of an
individual’s subjective norms and subsequent travel behaviors. On the other hand, both
the residential location and the workplace of each member could be joint choices that
made at the household level (Abraham and Hunt, 1997; Zhang and Fujiwara, 2009),
and be influenced by attitudes of multiple household members (Scheiner, 2014).
Therefore, for each member of the household, travel attitudes of other members could
be additional sources of self-select bias, thus should be addressed in land use-travel
research.
Nevertheless, most of existing land use-travel studies are conducted from an individualbased perspective, while the role of intra-household interactions is commonly neglected.
However, people’s daily travels can involve household decisions to a lesser or greater
degree (Miller, 2005). In other words, the household rather than the individual should
be viewed as the decision-maker of at least some travel behaviors.

5.1.2 Research Objectives
In summary, land use-travel research could be substantially favored by investigations
from a household perspective. Few studies have examined the built environment effect
on travel behavior considering intra-household interactions (Maat and Timmermans,
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2009; Yang et al., 2017), and most of them only partly addressed the first issue discussed
above. This study contributes to current literature by adopting a broader householdbased analytical framework to explore the land use-travel connection. All the three
issues discussed above will be addressed in this study. We examined the impact of the
built environment of both home and work locations on multiple household members’
travel behaviors. In particular, we considered the interdependencies between different
members’ travel behaviors and controlled for the travel attitudes of household members
to address the potential self-selection effect. We adopted non-recursive structural
equation models because they can address the reciprocal influences between household
members’ travel behaviors. This study highlights the importance of establishing the link
between the built environment and travel from a household perspective, and helps
clarify the role of intra-household interactions in land use-travel research. The
modelling results can also capture the characteristics of intra-household travel
dependencies in the Chinese context.

5.2 Conceptual framework, data and variables
5.2.1 Conceptual framework
Fig 5.1 presents the household-based theoretical framework of land use-travel research.
Previous studies have suggested that household members may decide their daily travels
jointly based on the whole household’s travel demands. Therefore, it is reasonable to
hypothesize that travel behavior of each member is influenced by the built environments
at the residential location, his/her own work location as well as other members’ work
locations (Maat and Timmermans, 2009; Scheiner and Holz-Rau, 2012a). Meanwhile,
because household members may coordinate their daily travels (Kroesen, 2015), we
assume that their travel behaviors are associated with each other. The built environment
may thus have an indirect effect on each member’s travel behavior. Besides, both
residential and work location choices could be joint household decisions (Abraham and
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Hunt, 1997; Scheiner, 2014). As a result, travel attitudes of different household
members may influence the choices of their residential and work locations jointly.
Similarly, because some travel behaviors may also be joint household decisions and
attitudes are significant predictors of travel behavior (Bohte et al., 2009; Cao et al.,
2009a), we hypothesize that travel attitudes of household members can also influence
their travel behaviors jointly. Finally, household and individual level sociodemographics are involved as exogenous control variables. Notably, the built
environment may also influence travel attitudes (Næss, 2009; Van Acker et al., 2014).
A few studies have found that residential relocation resulted in changes in attitudes (De
Vos et al., 2018; Wang and Lin, 2019). However, since this study focuses on the role of
intra-household interactions in land use-travel relations, we do not examine such
feedback effects to reduce the complexity of the model.

Figure 5.1 Conceptual model
To illustrate land use-travel relations from a household perspective, we construct our
model based on two married household heads in this research. This approach can be
extended to include other household members such as children in future studies. It is
hypothesized that the partners first trade-off their travel decisions on the basis of their
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travel attitudes, and travel demands that determined by their residential built
environment, work environments and employment characteristics. During this process,
the husband may have greater power because they tend to be the final decision-maker
in the household traditionally (Yang et al., 2017). Once the travel pattern of one member
is decided, the partner will coordinate his/her travel behavior accordingly. We
hypothesize that the husband is more likely to adjust his travel behavior based on the
partner’s travel pattern than the wife. This is because females face more constraints in
daily trips, such as lack of driving license, more safety concerns and less physical
strength than males do. Therefore, their travel demands have a higher likelihood to be
the priority in the household to satisfy.

5.2.2 Data collection
The existing literatures on intra-household interactions in travel behavior are largely
limited to developed countries. However, findings in these areas may not be transferred
to developing countries because of the differences in urban form, transportation system
and intra-household relations between them. This chapter provides an empirical study
in China to help understand the intra-household travel dependencies among different
geographical contexts.
This study used the data from a household activity-travel diary survey conducted from
September to November 2016 in Beijing, China. In total, 1884 respondents from 800
households successfully completed the interview (Details of this survey have been
introduced in section 3.2.2 and 4.2.2). Because this study aims to examine the effect of
both partners’ work environments on their travel behaviors, only dual-earner
households were selected as the sample for empirical analyses. Also, to capture the
intra-household trade-offs in car allocation, we excluded the households owning no or
more than two private cars because conflicts in car use are very likely not exist in these
households. The final study sample includes 444 one-car dual-earner households.
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5.2.3 Measures of variables
We used six variables to characterize the residential built environment, including
destination accessibility, street design, the distance from home to the city center, and
access to the nearest bus station, metro station and parking lot (Table 5.1). Specifically,
home-center distance is represented by the straight-line distance from home to the
Tiananmen Square in Beijing. To measure the spatial accessibility to daily non-work
travel destinations, we calculated the average walking time from home to eight types of
facilities, including the kindergarten, primary school, food market, supermarket,
grocery, clinic, bank and park. A higher value of this variable represents a worse
accessibility. We used the dummy variable “if the bicycle lane is isolated from the
motorized road” to measure the street design of the residential neighborhood.
Table 5.1 Sample profile
Variable name
Socio-demographics
Household income

Description

Monthly: 1 (8000-9999); 2
(10000-14999);…11 (7000079999); 12 (>=80000)
Household size
Number of household members
living together
Age
1 (19-29); 2 (30-39); 3 (40-49); 4
(50-59)
Education level
1 (primary school and below); 2
(middle school); 3 (high school); 4
(Three -year college diploma); 5
(Bachelor); 6 (Master &+)
Driving license
1 (yes); 0 (no)
Residential built environment
Home-center
Euclidean distance from home to
distance
the city center (km)
Destination
Average walking time to eight
accessibility
types of facilities (mins)
Isolated bicycle lane Bicycle lane is isolated from the
motorized road:
1 (yes); 0 (no)
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Mean/%

Std.

5.00

2.17

2.78

0.61

2.39/2.12

0.87/0.78

5.00/4.85

0.64/0.64

99/80%
16.42

11.77

13.67

6.64

79%

Distance to parking*

Walking time to the nearest
parking lot (mins)
Distance to bus
Walking time to the nearest bus
station*
station (mins)
Distance to metro
Walking time to the nearest metro
station*
station (mins)
Workplace built environment
Commuting distance Euclidean distance from home the
workplace (km)
Work-center
Euclidean distance from the
distance
workplace to the city center (km)
Work-work distance Euclidean distance between two
household heads’ workplaces (km)
Distance to bus
Walking time to the nearest bus
station
station (mins)
Distance to metro
Walking time to the nearest metro
station*
station (mins)
Free parking*
Free parking lot at the workplace:
1 (yes); 0 (no)
Public cycle
Leased point of public cycle at the
workplace: 1 (yes); 0 (no)
Work characteristics
Flexible working
The working hours are flexible: 1
hours
(yes); 0 (no)
Travel behavior (weekday)
Share of travel by
Share of travel time by car over
car
individual’s total motorized travel
time (%)
Travel time by non- Travel time by walking or cycling
motorized modes
(mins)

6.66

4.46

8.50

6.14

17.31

23.39

12.14/11.08

11.10/9.88

12.80/13.50

10.41/10.82

7.11

9.34

7.00/6.97

5.07/5.59

17.80/18.61

42.18/47.59

65/63%
70/69%

33/37%

69.40/53.46

45.53/49.28

6.85/8.06

22.83/24.96

Notes. Numbers before and after “/” represent the values for the husband and wife
respectively. * Variables that do not show any significant effect on travel and thus be
excluded from the model.
The built environments at two household members’ workplaces are measured by seven
types of variables (Table 5.1). We used three variables to measure the spatial location
of partners’ workplaces: commuting distance (for each member), the distance from the
workplace to the city center (for each member), and the distance between two household
heads’ workplaces. Transport facilities at each member’s workplace are captured by

102

four indicators, including the presence of free parking lot and leased point of public
cycle at the workplace, and access from the workplace to the nearest bus and metro
stations. Because previous studies have found that work characteristics also influence
household travel decisions. For example, workers without flexible working hours may
be more likely to commute by car because of the tight schedule (Maat and Timmermans,
2009). This study also examined the factor “if the working hours are flexible” to address
the impact of two household heads’ work characteristics.
Table 5.2 Factor loadings concerning residential preferences
Factor loadings
Pro-accessibility
0.69
0.68
0.63
0.61
0.57

Item

Pro-safety

Neighborhood with good green area
Easy access to recreation facilities
Easy access to high-quality schools
Easy access to public transit stations
Easy access to shopping malls
Low crime rate within neighborhood
0.78
Safe neighborhood for walking
0.77
Good street lighting
0.72
Safe neighborhood for kids to play outdoors
0.71
Low level of car traffic on neighborhood streets
0.70
Note. Item loadings are based on Principal Component Analyses. Items with loading
larger than 0.4 are shown.

Table 5.3 Factor loadings concerning travel attitudes

Description

Factor loadings
ProProdriving alternatives

The car is a symbol of
0.76
status to me
I feel free and independent 0.67
when I drive
Traveling by car is safer
0.55
overall than cycling
I prefer to walk rather
than drive whenever

0.73
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Meaning Car
of car to indifference
me

Activeliking

possible
I prefer to bike rather than
drive whenever possible
I prefer to take public
transit rather than drive
whenever possible
I like to drive just for fun
Getting to work without a
car is a hassle
The car is nothing more
than a convenient way to
get around for me
I need a car to do some of
the things I like to do
Public transit can
sometimes be more
convenient for me than
driving
It does not matter to me
which type of car I drive
Walking can sometimes be
more convenient for me
than driving
I like taking transit
Biking can sometimes be
more convenient for me
than driving
I like riding a bike
I like walking

0.73
0.67

0.64
0.72
0.58

0.50
0.68

0.64
0.64

0.62
0.45

0.73
0.66

Note. Item loadings are based on Principal Component Analyses. Items with loading larger than 0.4
are shown.

We conducted principal component analyses for 27 attitudinal statements (10 on
residential preferences and 17 on travel mode attitudes) in the questionnaire to derive
the underlying latent constructs of travel-related attitudes. To keep the factor scores
between partners comparable, we pooled the data of two household heads in factor
analysis (the sample size of factor analysis is thus 888). The factor analysis revealed
two factors (or latent constructs) of residential preferences and five factors of travel
mode attitudes. Items with factor loading larger than 0.40 are shown in Table 5.2 and
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5.3. Factor scores were calculated for the male heads and female heads respectively in
SPSS version 24.0. Because this study includes attitudinal factors in order to address
the self-selection effect, we used three factors in the following multivariate analyses:
pro-accessibility (prefer the proximity to travel destinations in residential choice), prodriving (prefer driving) and pro-alternatives (prefer alternative modes than driving).
The other factors were not included because they are weakly associated with the selfselection issue or could be addressed by the selected factors.
We selected two travel behavior variables measured on weekdays in this study: share
of travel time by car over one’s own total motorized (car and transit) travel time and
travel time by non-motorized transport modes (walking and cycling). The former
represents household members’ modal choice between the private car and public
transport, which is highly relevant for traffic congestion and air pollution. The latter
measures the duration of household members’ daily active trips, which is closely
associated with individuals’ physical health. These travel behaviors are measured for
both male and female heads. Finally, this study involves two household-level
(household income and size) and three individual-level socio-demographic factors (age,
education level, and driving license) as exogenous control variables.
Table 5.1 presents the key descriptive statistics of the data. Note that, because our
sample includes only dual-earner partners, it is not representative of the population in
Beijing (Beijing Statistical Yearbook, 2017). Households in our sample tend to be larger
(2.78 vs. 2.60) and more affluent (10775 yuan vs 10,229 yuan, monthly personal income)
in general. Young adults (aged 40 or younger) are also slightly overrepresented in the
sample (63.5% vs 61.2%). However, because our study aims to examine the
associations among variables rather than to describe the distribution characteristics of
population, this bias is expected to be less critical.
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5.3 Empirical analyses and findings
We constructed a structural equation model to examine the conceptual model illustrated
in Figure 5.1. The model is specified as non-recursive to capture reciprocal effects
between the travel behaviors of two household heads. To avoid the unidentified problem
in the estimation of non-recursive SEM, one may designate some exogenous variables
as “instruments” by allowing them to directly affect the endogenous variables in
unidentified equations (Heise, 1975; Lin and Wang, 2014). In this study, we selected
individual socio-demographics as “instruments”. Each household member’s sociodemographic variables (age, education level and driving license) are assumed to have
direct influences on his/her own travel behavior, but only indirect effects on that of
his/her partner.
The structural equation model was estimated using maximum likelihood (ML) method
in the AMOS (version 20.0) software package. We transformed four continuous built
environment variables (home-center distance, destination accessibility, work-center
distance and commuting distance) into logarithmic forms because the distributions of
them deviated from normality. The bootstrapping procedure was adopted to address the
violation of multivariate normality and the categorical data involved in the model
(Byrne, 2010)12. We chose several widely used indicators to assess the goodness-of-fit
of estimated SEM model (Byrne, 2010). All the indicators suggest that the model fits
the data quite well (Chi-square = 255.582; df = 148; Chi-square/df= 1.727; CFI = 0.967,
GFI = 0.965, NFI = 0.932, RMSEA = 0.041).

A high ratio between the sample size and the number of observed variables can also reduce the effect of nonnormality in SEM (Stevens, 1996). Considering that our sample size is relatively small and SEM is an explorative
approach to some extent, we simplified the model by excluding built environment variables that do not show any
significant effect on travel behavior variables. The final model includes three variables measuring the residential
built environment and eleven variables measuring the work environment and characteristics.
12
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5.3.1 Do partner’s attitudes matter in travel decisions?
Table 5.4 presents the effects of two household head’s travel attitudes on their
residential and work location choices and travel behaviors. It is found that individuals’
travel behaviors are influenced by both partner’s travel attitudes. For the male head in
the household, the share of his private car travel time is positively affected by his
preference for driving. Besides, the male head tends to use the household car less when
the female head prefers driving or proximity to travel destinations. However, similar
effect is not observed for the other way around. This result means, on the one hand,
travel attitudes of household members are considered in household car allocation
decisions. On the other hand, female heads play a more important role in this process
compared with the male heads. This phenomenon may be explained by several reasons.
First, all the female heads in our study are employed, they have a comparable demand
of commuting by car with the male heads. Second, females might be less likely to
endure the long-distance non-auto trips than males because they have less physical
strength and more safety concerns. Besides, wives may be tasked more with childcare
(such as chauffeuring children) than husbands. Therefore, female heads have the
priority of using the private car in the household if they prefer to.
Meanwhile, the husband’s preference for alternative travel modes encourages the wife
to drive less and walk or cycle more (Table 5.4, column 3), while the wife’s attitude
towards alternative modes does not show any significant effect on the husband’s travel
behavior. There are two possible explanations for this result. First, household members
may take more joint active travels when some members (in our case, the male head)
like walking or cycling. Second, the husband’s preference for active travels might
encourage his/her partner to develop an environment-friendly travel pattern, but this is
not the case for the other way around.
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Table 5.4 Standardized direct (total) effects of travel attitudes on travel-related decisions
Husband
From
To
Residential built environment
Destination accessibility
Home-center distance
Isolated bicycle lane
Work environment and characteristics
Work-work distance
Work-center distance (H)
Work-center distance (W)
Commuting distance (H)
Commuting distance (W)
Distance to bus station (H)
Distance to bus station (W)
Public cycle (H)
Public cycle (W)
Flexible working hours (H)
Flexible working hours (W)
Travel time (weekday)
Share of travel by car (H)

Prodriving

Proaccessibility

0.180a

0.152a
-0.085c
0.100c

Wife
Proalternatives

Prodriving

Proaccessibility

Proalternatives

-0.079c
0.121c
-0.109c
-0.085c

0.087c
0.121b

-0.081b
-0.096c

0.081c
0.152a
0.116b

0.094c
(0.126b)
-0.128b
(-0.099c)

Share of travel by car (W)
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0.154a

-0.109b
-0.118b

-0.096c
(-0.102c)

-0.129b
(-0.154a)

By non-motorized modes (H)
By non-motorized modes (W)
Notes. H: husband; W: wife. a
different from zero at p < 0.10.

0.103c
(0.074)
significantly different from zero at p < 0.01; b significant different from zero at p < 0.05; c significant
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The modelling results presented in Table 5.4 also indicate that travel attitudes of two
household heads both have significant effects on the built environments of their living
and working places. In particular, the husband’s attitudes have relative more influence
in residential choice than the wife’s. Households tend to live close to the city center if
either of the partners prefers destination accessibility or the husband does not prefer
driving (Table 5.4, row 2). Similar influences of attitudes on home-center distance are
reported in previous individual-based studies (Cao et al., 2009b; Lin et al., 2017).
Besides, the male head’s preferences for destination accessibility and alternative travel
modes are positively associated with the isolated street design of the residential
neighborhood, while the female head’s attitudes have no significant effect on it (Table
5.4, row 3).
However, some attitudinal and residential built environment variables are mismatched
out of expectation. Male heads in the households living in low-accessibility areas are
more likely to prefer the proximity to travel destinations than others. This result
indicates a residential dissonance regarding destination accessibility (Schwanen and
Mokhtarian, 2005a, 2005b). One possible reason is that the compact development in
Beijing, China provides a relatively high accessibility for most of the metropolitan areas,
which lowers the priority of “proximity to non-work travel destinations” in residential
choice.
In terms of the workplace, each household member’s attitudes show significant effects
on his/her own work location choice. As expected, both male and female heads have a
longer commuting distance if they like travelling by car (Bagley and Mokhtarian, 2002),
and male heads tend to have a short commuting distance if he prefers alternative modes
(Table 5.4, rows 7 and 8). Besides, female heads who value the proximity to non-work
travel destinations have a lower likelihood to choose works with flexible working hours.
This is reasonable because they may be used to conducting daily activities nearby and
thus be adapted to works with tight schedule.
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Meanwhile, we found that each member’s travel attitudes can also significantly
influence his/her partner’s work location choice. For instance, the husband’s preference
for driving has a positive effect on the work-center distance of the wife. This may due
to the competition in car usage in the household. Many households in Beijing live in
the periphery areas because of the suburbanization of housing and the extremely high
housing price in central urban areas (Zhao and Zhang, 2018). Among these households,
the female head tends to work near home when her partner has a high desire on using
the only household car. Due to similar reasons, the husband is more likely to work in
areas close to bus stops it the wife dislikes using alternative transport modes (Table 5.4,
row 9), and choose jobs with flexible working hours if the wife prefers driving (Table
5.4, row 13). Besides, the female head’s preference for driving is positively associated
with the commuting distance of the husband. This means households tend to live far
from both partners’ workplaces when the wife prefers driving.

5.3.2 Do partner’s travels matter in travel decisions?
Our model examined the bidirectional effects between two household members’ travel
behaviors simultaneously. Figure 5.2 shows the links with significant (or close to
significant, p < 0.25) parameters. It is found that the husband’s travel behavior depends
on his partner’ travel choices. The wife’s share of car travel shows a significant and
positive impact on that of the husband. Meanwhile, the wife’s travel time by
walking/cycling affects the husband’s car use negatively and his walking/cycling
behavior positively. However, similar significant effects are not identified for the
opposite direction.
These results provide some insights into the interdependencies between partners’ travel
behaviors. First, one household member’s travel behavior can indeed influence the
others’ directly (Kroesen, 2015). Individuals take not only other household members’
attitudes, but also their travel behaviors into consideration when making travel

111

decisions. This is especially the case for travels by walking or cycling. Second,
supporting our hypothesis, wives dominate the interrelations between partners’ travel
behaviors. In other words, the husband tends to adjust his travel behaviors according to
the travel pattern of the wife, but not the other way around. The possible reason is, as
discussed above, wives may face more constraints in daily travels and undertake more
childcare tasks than husbands. The employed female heads may also have a higher
decision-making power in household travel choices than the male heads. Thus, their
travel demands become the priority in household travel decisions.

Wife

Husband
0.288 (p=0.060)
Share of travel by car

Travel time by nonmotorized modes

Share of travel by car

-0.387 (p=0.213)

Travel time by nonmotorized modes

0.787 (p=0.022)

Figure 5.2 Relationships between partners’ travel behaviors
Third, the interdependencies between partners’ travel behaviors can be more explained
by joint travels/social influence (which lead to a positive influence), instead of car/task
allocation (which lead to a negative influence). As shown in Figure 5.2, the wife’s share
of travel by car has a positive, rather than negative effect on that of the husband, and
this is also the case for travel time by non-motorized modes. It is more possible that
both joint travels and social influence come into effect in such associations, at least for
non-motorized travels. This is because if joint household travels is the only reason, the
partners’ travel durations by walking/cycling will very likely be positively interrelated.
However, in our case, the husband’s travel time by walking/cycling shows a negative
(though non-significant, p = 0.213) effect on that of the wife. A more direct evidence
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on social influence is that the wife’s travel time by walking/cycling affects the
husband’s car use negatively, which cannot be explained by either car allocation or joint
travels. In short, our model suggests that the male head tends to develop a similar travel
pattern with the female head’s.

5.3.3 Residential built environment and partners’ travel behaviors
The first three rows in Table 5.5 illustrate the influences of the residential built
environment on the partners’ travel behaviors. Three built environment variables are
excluded from the model because they do not show any significant effect on travel
behavior, including the distances from home to the nearest bus station, metro station
and parking lot. This may due to several reasons. First, the high-quality public transport
system and high density in Beijing provides a good access to transit and parking
facilities around most of the urban areas. Second, our model used weekday travel
behavior data, but workers normally spent most of the time at the workplace (rather
than at home) on working days. Both facts may contribute to the non-significant effects
of these residential built environment variables on travel behavior.
Nevertheless, some residential built environment variables still have independent
impact on travel behavior after controlling for both partners’ travel attitudes, and such
effects are different across household members (Yang et al., 2017). In line with previous
studies (e.g. Cao, 2010), individuals living far from the city center have significantly
fewer active travels than others. This is true for both male heads and female heads in
our study (Table 5.5, row 2). Besides, proximity to travel destinations encourages both
partners to drive more (Ding et al., 2017), and this effect is slightly greater for male
heads (Table 5.5, row 1). However, it is found that home-center distance has a positive
effect on the driving behavior of the husband, but not on that of the wife. Similarly,
isolated bicycle lane can reduce the males’ car use but not the females’ (Table 5.5, row3).
This is probably because females are less likely to travel by bicycle than males do
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(Handy and Xing, 2011), and thus be less sensitive to cycling facilities.
Table 5.5 Standardized direct (total) effects of the built environment on travel
behaviors
Husband
Wife
To
Share of
Travel time by Share of
Travel time by
From
travel by car
non-motorized travel by car non-motorized
modes
modes
Residential built environment
Destination
-0.130b
-0.121b
accessibility
(-0.165a)
(-0.113b)
Home-center
0.090c
-0.096c
-0.110c
distance
(0.090c)
(-0.140b)
(-0.056)
c
Isolated bicycle
-0.074
lane
(-0.056)
Work environment and characteristics
Work-work
-0.087
-0.164a
distance
(-0.140a)
(-0.158a)
Distance to bus
0.124b
station (H)
(0.114b)
Distance to bus
-0.085c
-0.098c
station (W)
(-0.074)
(-0.083c)
Work-center
0.117c
0.136b
distance (H)
(0.145b)
(0.138b)
Work-center
0.116c
distance (W)
(0.110c)
Commuting
0.157b
distance (H)
(0.136b)
Commuting
-0.140b
0.117c
-0.172c
distance (W)
(-0.072)
(0.120c)
(-0.163c)
Public cycle (H)
-0.112b
0.141b
-0.109c
c
(-0.098 )
(0.043)
(-0.126b)
Public cycle (W) 0.054
-0.088c
0.105c
(0.080c)
(-0.073)
(0.102c)
Flexible working 0.091
0.115b
hours (H)
(0.118b)
(0.110b)
Flexible working
0.115a
hours (W)
(0.108b)
Notes. H: husband; W: wife. a significantly different from zero at p < 0.01; b significant
different from zero at p < 0.05; c significant different from zero at p < 0.10.
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What should be noted is, because of the direct links between partners’ travel behaviors,
residential built environment could have a secondary impact on individuals’ travel
behavior by influencing his/her partner’s travel behavior (as shown in Figure 5.3). For
example, because the wife’s car use influences her husband’s car use positively,
destination accessibility has a negative indirect effect on the husband’s car use (via the
wife’s driving behavior), which magnifies its direct effect. A similar indirect impact is
observed in terms of the home-center distance and the male head’s non-motorized travel
time. This means that changes in these land use attributes could achieve additional
success in shaping males’ travel behaviors by affecting their partners’ travel patterns at
first. However, this is not the case for females since the male head’s travel behavior has
no or even negative influence on that of the female head. One example in our study is,
the direct and indirect effects (through affecting the male head’s non-motorized travels)
of home-center distance on the female head’s non-motorized travel time cancel out,
resulting in a non-significant total effect.

Figure 5.3 The secondary impact of the built environment on (the male head’s) travel
behavior
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5.3.4 Work environment and partners’ travel behaviors
The rest of Table 5.5 describes the effects of partners’ work environments on their travel
behaviors. Two pairs of variables measuring the work environment are excluded from
the model because they have no significant effect on travel behavior: the distance from
the workplace to the nearest metro station (for both partners), and the presence of free
parking lot at the work location (for both partners). However, the distance from the
workplace to the nearest bus station (for both partners) shows a significant influence on
travel behavior. This may indicate that public transport at the work location is more
important than that at the residential location in shaping weekday travel behavior
(Christiansen et al., 2017; Zhu et al., 2019).
The results in Table 5.5 reveal that each household member’s travel behavior, especially
the male head’s, is determined by both partners’ work environments after controlling
for the self-selection effect. The location of the workplace is an important determinant
of partners’ travel behaviors. Not surprisingly, the male head’s driving behavior is
positively associated with his own commuting distance and negatively related with that
of the female head. This is easy to understand because low-speed travel modes are
inappropriate in long-distance trips, otherwise the commuting time would be too long
(Lin et al., 2017). The husband tends to use alternative modes when his wife needs the
car for commuting (Maat and Timmermans, 2009). We also found that the male head
drives less if his partner works in urban areas, and vice versa (Table 5.5, rows 7-8). This
result, however, is in contrary to the finding of Maat and Timmermans (2009) in the
Netherlands. More research is needed to determine the reasons for such difference. A
plausible explanation is that the well-equipped public transport system in Beijing
reduces the necessity of commuting to suburban work locations by car. Besides,
household members who work in the CBD of the city may have a higher likelihood to
view the private car as a symbol of social status. These results suggest that although
relocating one household member’s workplace to suburban areas or shortening his/her
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commuting distance may reduce his/her own driving, these measures would increase
the partner’s car use at the same time, thus result in a neutral travel outcome for the
household at best.
Transport facilities at partners’ workplaces are also significant predictors of their travel
behaviors. Consistent with previous findings (Scheiner and Holz-Rau, 2012a), the male
head drives less when his workplace is close to the bus station or the female head’s
workplace is far from that (Table 5.5, rows 5 and 6). Again, this means the husband
would leave the car if his wife needs it. The proximity to bus station at the female head’s
workplace also increases her walking/cycling duration, probably because there are
normally more commercial centers around transit stations for strolling around in. The
presence of leased points of public cycle at the husband’s workplace encourages himself
to travel more by walking/cycling and less by car. This should be attributed to that bikesharing system provides an alternative mode for commuting and can also help solve the
“last mile” problem of commuting by public transit (Ma et al., 2015). However, bikesharing facilities at the female’s workplace cannot reduce her driving behavior. This
result again indicates that females are less sensitive to cycling facilities. Besides, in line
with expectation, the female head has a higher likelihood to use the car if the male head
has more flexibility in his work. Finally, the distance between partners’ work locations
shows negative influences on the female head’s car use. This is reasonable since the
spatial separation between household members’ workplaces can decrease the
probability of shared rides (Gliebe and Koppelman, 2005). Therefore, the partners tend
to drive less and travel more by alternative modes when they work far from each other.
Notably, the modelling results indicate that land use characteristics at one member’s
workplace can influence the travel behaviors of partners in opposite directions. For
example, for the female head, although working close to home can reduce the car use
of herself (and increase her travel time by walking/cycling), it also increases the car use
of the male head accordingly (Table 5.5, row 10). Similarly, the bike-sharing facility at
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the husband’s workplace has a negative effect on the wife’s active travel time, while it
can improve the active travel time of the husband (Table 5.5, row 11). The reason is
probably that household members who have used the public cycle around the workplace
are less likely to cycling with their partners again after working. These results reveal
that changes in an individual’s work environment may have contrast effects on different
household members’ travel choices, leading to an uncertain impact for the household in
total. In other words, the land use impact on travel behavior could be easily
misestimated by individual-based studies.
Last but not least, the work environment also has an indirect effect on individuals’ travel
behavior by affecting his/her partner’s travel choices (as shown in Figure 5.3). For
instance, although the distance between two partners’ work locations does not show any
direct effect on the husband’s travel behavior, it can discourage his car use indirectly
by reducing the wife’s driving. Similar indirect effect is also observed for the
association between the husband’s share of travel by car and the bike-sharing facility at
the wife’s workplace. And interestingly, the flexibility of the husband’s work does not
affect his travel pattern directly, but can finally increase his driving through encouraging
the wife’s car use. However, such indirect effect of the built environment may not
always strengthen its direct effect on travel. One example is, although the bike-sharing
facility at the male head’s workplace has a direct and positive influence on his
walking/cycling time, its total effect is non-significant due to the negative indirect effect
via the female head’s walking/cycling behavior. This is also the case for the association
between the wife’s commuting distance and the husband’s driving behavior. In general,
these findings confirm that the built environment of the work location can also have a
secondary travel impact through intra-household interactions.
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5.3.5 Discussion
Our findings highlight the importance of understanding the land use impact on travel
behavior from a household perspective. First, because of the intra-household trade-offs
in travel decisions, some built environment elements have contrast effects on different
household members’ travel behaviors, and as a consequence, a neutral influence on the
household travels as a whole. In this study, less car use of the female head resulted from
her short commuting distance is outweighed by her male partner’s increased auto trips.
Second, because of the direct associations between household members’ travels, both
the residential and workplace built environments have an indirect effect on household
member’s travel behavior through affecting another member’s travel choice. In our case,
some built environment variables can influence the female head’s travels at first, and
then have a secondary impact on the male head’s travels. Third, relying on the
household-based framework, our research reveals that besides one’s own travel
attitudes, other household members’ attitudes could be another source of residential
self-selection. For each member in the household, both his/her short-term travel
behavior and long-term household location choices (including the residential location
and both partners’ work locations) may be determined by other household member’s
travel attitudes. Thus, when examining the built environment impact on his/her travel
behavior, other members’ attitudes should not be ignored to address self-selection bias.
These findings altogether indicate that the household rather than the individual seems
more appropriate as the analysis unit of land use-travel research.
In general, our study suggests that female heads have a greater decision power in
household travel choices than male heads in Beijing, China, especially for vehicle
allocation. The driving behavior of the male heads is determined by their partners to a
large extent. Specifically, they drive less if their wives prefer driving, have a high
demand for commuting by car, or use the car less frequently. However, this is not true
for the other way around. This study also supports that intra-household interactions in
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travel are context-dependent to some extent. For example, it is found that suburban
workers are more likely to use the only household car in the Netherlands (Maat and
Timmermans, 2009), but those in Beijing, China tend to leave it to the partner. Therefore,
empirical findings in developed countries cannot be entirely transferred to developing
countries.
Planners could take the advantage of intra-household interactions to improve the
efficiency of land use policies in shaping travel behavior. In line with previous studies,
our research found that changes in the built environment, such as improving the jobhousing balance and the accessibility to alternative transport facilities (at the
workplace), could be useful measures to reduce individuals’ car use. However, the
household car may be allocated to other members if an individual does not need it. Built
environment changes that reduce only some household members’ driving demand (e.g.
shortening the wife’s commuting distance but not the husband’s) may not result in
expected decrease in car use, at least for many car-deficient households in developing
countries. From this point of view, household-based strategies may be necessary.
Planners could restrict the car purchase to contain the household car ownership level,
and provide affordable housing in urban areas to accommodate suburban households.
These measures have the potential to reduce the driving resources/needs of all the
household members simultaneously, thus decrease the car use of the whole household
more effectively. Our research also suggests that males tend to develop a similar travel
pattern with their partners. Therefore, planners in China should also pay attention to
how to encourage women to develop an environment-friendly travel pattern in the
future. Such policies may achieve addition success on reducing the car dependency of
the whole household through intra-household interactions. Besides, our study
confirmed that household location and travel choices are determined by both partners’
travel attitudes. Thus, adapting travelers’ attitudes by social media may also be essential
to promote sustainable travel pattern in the long run.
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5.4 Conclusions
Individuals’ daily travel decisions are not made independently, but based on the whole
household’s travel demands and preferences (Ho and Mulley, 2015a). However, the vast
majority of previous land use-travel research took the individual as the decision-making
unit. This research contributes to existing literature by examining the built environment
effect on travel behavior from a household perspective. Empirical studies in Beijing,
China reveal that travel behaviors of household members are influenced by their travel
attitudes, as well as the built environment of their residential and work locations.
Female heads are more dominant in household travel decision than their partners. We
found that the effects of some built environment attributes on travel behavior are
different and even contrast between two household heads. Moreover, husbands tend to
adjust their travel behaviors based on their partners’ travels. As a result, the wife’s travel
behavior could be a mediator between the built environment and the husband’s travel
behavior. These findings indicate that the built environment could have mixed effects
or secondary impact on household members’ travel behavior. Thus, we suggest that
future works in the land use-travel relationship should better take the household as the
unit of analysis, because such effects could be easily ignored in individual-based studies.
The present study can be extended along several directions in future. First, due to data
limitation, our study only examines one-car dual-earner households. The associations
between the built environment and travel behavior in other types of households may be
different and worth further investigation. For example, without the inconsistency
between partners’ travel attitudes, single households may self-select their residences by
attitudes more easily and thus have a lower level of residential dissonance. If so,
residential self-selection effect would have a greater influence on the land use-travel
relationship in single households than in other households. Besides, car-sufficient
households could be more sensitive to changes in the built environment than one-car
households in terms of travel behavior because they have less competition in household
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car use. Further land use-travel research on different types of households could benefit
the design of transport and land use policies that can target specific population segments.
Second, other household members, such as children, may also play important roles in
household travel decisions. Future research can involve more household members and
their work/school locations into current research framework. Third, similar studies
could be favored by discriminating the joint and solo travels of partners. Through
analyzing the joint and solo travels separately, it can be clarified to what extent the
congruence between partners’ travel behaviors are resulted from the joint household
trips and social influence. Fourth, our study does not address the feedback effect from
the built environment to travel attitudes, and may thus underestimate the total travel
impact of built environment factors (Næss, 2009). Future studies should try to fill this
gap. Finally, by adopting non-recursive SEM, our study suggests that the effect of the
female head’s travel behavior on her partner’s is greater than the reverse influence.
However, our analytical results could only suggest associations rather than causalities
due to the cross-sectional nature of data. Studies using longitudinal designs and
qualitative approaches are recommended to provide robust causal evidence on how an
individual adjusts his/her travel pattern in response to changes in travel attitudes, work
environments and travel behaviors of other household members.
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Chapter 6 Conclusion
6.1 Thesis summary
Previous studies on the built environment, travel attitudes, and travel behavior are
largely limited to a single individual and residential choice, while interactions among
different long-term choices as well as different household members are commonly
neglected. Such incomplete analytical framework is not fully in line with the real-life
context in which people adjust their travel behaviors in response to transport-related
land use policies and strategies. This thesis fills this important research gap by
extending the research framework of previous land use-transport research from
“individual-based” to a broader “household-based” one. Specifically, this proposed
research framework takes the household as the unit of analysis, and considers intrahousehold interactions in both long-term location/mobility choices and daily travel
decisions, as well as the interdependencies among different long-term choices. This
research challenges the underlying assumption of existing land use-transport studies,
that is, individuals make long-term and short-term travel decisions independently with
others, and decisions on different long-term choices are made independently. Findings
in this dissertation contribute to a better understanding on the process and mechanism
of individuals’ long-term and short-term travel decisions in the household context, and
further the complicated impacts of the built environment on travel behavior through
intra-household interactions. The proposed analytical framework can also guide the
research design and model specification of future studies on the built environment,
travel attitudes, and travel behavior.
Three empirical studies were conducted to examine the proposed research framework,
using data derived from a household activity-travel diary survey in 2016 in Beijing,
China. The first case study (chapter 3) investigated the self-selections concerning
residential location choice and car ownership decisions from a household perspective.
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Different from pervious individual-based self-selection research, it involves two
partners’ travel attitudes (and travel behaviors) into the structural equation models
simultaneously. The second case study (chapter 4) incorporated the work location into
the models. It examined the self-selections concerning four types of long-term choices
(residential location, work location, commuting distance, and car ownership) jointly,
and clarified the interdependency between the residential and work location choices.
Further, the third study (chapter 5) explored the influences of different long-term
choices of household members on their travel choices. In particular, it addressed the
two-way relationship between partners’ travel behaviors by non-recursive SEM. Finally,
despite focusing on different issues, all the three studies examined the impact of the
built environment (of the residential location and/or work location) on household
members’ travel behaviors.
The results of case studies confirm the necessity and significance of understanding the
relationships among the built environment, travel attitudes, and travel behavior from
the household-based perspective. In general, it was found that long-term choices,
including residential location, car ownership, commuting distance (chapter 3) and work
location (chapter 5), are all influenced by different household members’ travel attitudes
(and socio-demographic variables). Meanwhile, household members’ travel behaviors
are also determined by their travel attitudes (and socio-demographic variables) jointly
(chapter 3 and 5). These results indicate the self-selection effect at the household level.
In other words, involving only the individual’s attitudes into the built environmenttravel behavior models may not address the self-selection bias completely. Moreover,
the built environment of household members’ residential and work locations affects
their travel behaviors simultaneously, but such impacts are different and even contrast
between different members (chapter 4 and 5), leading to a neutral built environment
impact on the whole household’s travel. Besides, the built environment of the
residential (or work) location can influence one household member’s travel behavior
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indirectly through his/her work (or residential) location choice (chapter 4) as well as
via another household member’s travel choices (chapter 5). All these impacts of the
built environment on travel could be easily ignored if only the individual’s travel
behavior and the residential built environment are involved in the models, i.e. the
research design that commonly adopted by the majority of previous land use-transport
studies.
This dissertation also found some interesting findings on the household decisions on
long-term choices and travel behavior in the Chinese context. The results of case studies
suggest that the male head in the household has greater decision power than his wife in
choosing where to live. This is in line with the culture in China that males normally
have a stronger economic power and shoulder more housing costs in marriage. However,
female heads dominant daily travel choices in the household. When there exists a
confliction in car use between partners, the wife has a higher probability to use the car
if she prefers driving or needs the car for commuting (e.g. working far from home or
transit stations), but this not the case for the other way around. The females’ travel
demands are satisfied at first in the household in China. Besides, the married couples in
China tend to develop a similar travel pattern in the long run. They will both have a
long-distance commuting trip if the wife prefers driving (chapter 3), and the husband
usually adjusts his travel pattern in according to the wife’s travel pattern (chapter 5).
This means although car allocation exists in car-deficient households, joint household
travels and social influence also play roles in the household’s travel choices in China.
In consistent with previous literatures, it was found that built environment attributes of
residential and work locations both affect household members’ travel behaviors. Travel
attitudes (self-selection) also have significant influence on travel behavior. However,
the impact of transit access seems to be limited in the Chinese context, and car
ownership has a greater influence on driving behavior than built environment
characteristics. As shown in Tables A.2 and A.3 in the Appendix, the models estimated
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in this thesis have much more explanatory powers for car ownership and driving
behavior than the use of public transit and non-motorized travel modes in general. This
indicates that car use is determined by the land use characteristics and household
member’s attitudes (and socio-demographics) to a large extent in the Chinese context.
Land use policies and/or the adaption of citizens’ travel attitudes would be effective to
reduce car dependency in mega-cities in China like Beijing.
In sum, this research extends the analytical framework of existing land use-transport
research. It provides a new (household) perspective to rethink the relationships among
the built environment, travel attitudes, and travel behavior, new empirical evidence on
such relationships in the Chinese context, and a variety of directions for future studies
on people’s long-term choices and travel behaviors. The results of this dissertation help
to clarify the direct and indirect impacts of the built environment on travel behavior,
which have valuable implications for the design and implementation of future land use
policies and mobility strategies in Chinese cities.

6.2 Policy implications
Findings in this dissertation have several implications for future urban planning:
1. Compact development of urban areas is a useful way to reduce car dependency. It
was found that the distance from home to the city center and commuting distance both
have significant and positive influence on household members’ driving behaviors.
According to these results, planners in China should continuously promote job-housing
balance and provide more affordable housing near the city center in the future. These
measures would have substantial effects on reducing citizens’ car use behavior.
2. However, further improvement of the accessibility to non-work travel destinations
(at residential location) or transit access (at residential or work location) may not
achieve expected travel outcomes. Out of expectation, it was found that travelers in
Beijing, China drive more when living in neighborhoods that close to non-work travel
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destinations (chapter 3). Also, surprisingly, transit access has no or limited influence on
people’s mode choice in daily trips. More research is needed to identify the reason
behind these results. There are two possible explanations: First, destination accessibility
and transit access may have non-linear effects on travel behavior, and the effects
diminish when these two built environment variables increase. Beijing is a high-density
city, where land use mix is relatively high and transit access is good in most of the urban
areas. In such a case, further improving the destination/transit accessibility would have
limited impact on driving due to the weak marginal effect. If so, planners should focus
more on non-transit-oriented neighborhoods and areas with very low land use mix.
Second, the gentrification phenomenon is another possible reason. As mentioned in
section 4.3.4, transit-oriented developments and mix-used neighborhoods normally
have higher housing prices, which prevent low-income residents from living there. If
so, providing more affordable housing in these areas would be necessary.
3. Planners also need to pay attention to the influence of travel attitudes. First, enabling
residential self-selection helps reduce car use. The optimal way is to increase the supply
of affordable housing in urban areas to accommodate dissonant suburbanites, who can
decrease their car use substantially. A compromised strategy is to encourage urban
dissonants to relocate to suburban areas, because it only leads to a limited rise in driving
but can accommodate dissonant suburbanites to exercise more sustainable travel
(Figure 2.2). These strategies require planners to have a clear picture on the supply of
different neighborhoods, the composition of residential dissonants, and their priority
and constraints of self-selecting preferred residences (Cao and Chatman, 2016). Second,
though it may take longer time, adapting car-lovers’ travel attitudes reduces driving.
The transformation of attitudes can not only reduce their car use at present (at least in
urban areas), but also improve their intentions to live and work in urban neighborhoods
later, thus leads to a self-reinforcement process in the long run. To achieve this goal,
planners can offer habitual drivers alternative options (e.g. short-term free public
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transport cards), make alternative modes more attractive (e.g. improving the
infrastructures and services of public transport), and alter their travel attitudes through
social media (e.g. disputing the belief that car is a symbol of social status).
4. In the process of adapting people’s attitudes, planners could pay more attention to
the males’ residential preferences and the females’ attitudes toward travel. Because the
husband has a greater decision power in residential choice (chapter 3), his preference
for living in dense neighborhoods would very likely encourage the whole household to
reside in urban areas. Similarly, since females dominant the household decisions on
daily travels, their travel attitudes would have a greater influence on household
members’ travel choices. Besides, as mentioned in section 5.3.5, strategies that can
encourage females to develop a sustainable travel pattern are especially important for
the whole household’s travel choices, and can achieve addition success on reducing the
car dependency through the interdependencies between partners’ travel behaviors.
5. Urban planners should better take the household rather than the individual as the
audience of land use policies. It should be noted that because household members share
the private car(s), the decrease of one household member’s car use may be outweighed
by another member’s increased auto trips (chapter 5). To relieve such negative influence
of intra-household interactions, ideally, planners need to reduce the travel demands by
car of different household members simultaneously. From this point of view, providing
relatively balanced employment opportunities (for household heads) and education
resources (for children) might be a practical way for future urban planning.
6. Car restriction strategies are also important for deceasing car dependency. Car
ownership has a greater effect on household members’ car use than built environment
and attitudinal factors. Although the car ownership level in Chinese cities are relatively
lower than western countries, it experienced a rapid increase in recent years. Therefore,
controlling for the ownership of private is still necessary for future urban planning.
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7. Finally, urban planners should notice the distinctive population distribution features
in urban China. It was found that high-income families in Beijing, China tend to live
closer to the city center (chapter 3), instead of residing in suburban areas like their
counterparts in the US. Section 3.3.6 provides several possible explanations on this
result. This finding indicates that low-income groups can hardly find a place to live in
central areas. They will be more likely to suffer from long commuting, lower travel
satisfaction and quality of life. Solving this problem is important to promote social
equity. Though it may be difficult currently, lowering the housing price and providing
more affordable housing in central areas would be an effective way.

6.3 Limitations and recommendations for future research
As discussed in chapter 3, 4, and 5, this research has some limitations due to the
constraint of data. In order to better understand the land use-transport relationship from
the household perspective, this research could be extended from the following aspects:
1. The case studies used partners to illustrate land use-travel relations from a household
perspective. Future research can involve more household members, such as children
and into the model. It will generate more comprehensive understanding on household
members’ travel decisions and the relationships among them.
2. The case studies examined four types of long-term choices of household members,
including residential location, work location, commuting distance, and car ownership.
Other long-term choices, such as the school location, can also affect household
members’ travel decisions. Future studies can also include them into the model.
3. Travel attitudes can play different roles in the relationship between the built
environment and travel behavior (confounders, moderators and mediators). This
household-based research focuses on the confounding effect of travel attitudes (i.e. selfselection effect). Future research should try to address the moderation and mediation
effects of travel attitudes on the land use-transport relation at the same time. One way
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is to include all the three influences into travel behavior equations by more complex
models, such as latent class (cross-lagged or non-recursive) structural equation models.
It should be noted that the multi-faced presence of attitudinal factors in such a model
may bring the overparameterization problem (Kim and Mokhtarian, 2018). Another
idea is to simplify the conceptual model by natural experiment. However, there are
concerns regarding the representativeness of sample and the generalizability of findings
in this case. In sum, future studies addressing the different roles of travel attitudes need
to achieve a balance between the flexibility and the stability/generalizability in the
model specification.
4. Travel attitudes of partners were assumed to be independent with each other in this
research. However, it is plausible that household members may influence each other’s
attitudes toward travel through communications in daily life. The possible interrelation
between household members’ travel attitudes and how it affect their travel choices could
be an interesting topic for future household-based travel behavior research.
5. Future studies can attempt to quantify the relative influence of attitudes versus the
built environment on travel behavior (by approaches like sample selection models and
propensity score models) based on the household-based framework. Results of such
studies would help evaluate the effectiveness of land use strategies more accurately.
6. This research confirms the significance of considering intra-household interactions
in land use-travel research. It would be desirable to quantitatively demonstrate how
important it is to accounting for them by comparative studies, i.e., comparing the results
of travel behavior models with and without addressing intra-household interactions.
5. The case studies examined travel behaviors by different modes. Notably, since public
transport is an important alternative to driving, people’s travel decisions by these two
modes are often interdependent. How the built environment affects them as a whole
remains a question. Future research should address the interdependency between travels
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by different modes.
6. The travel demands, constraints and resources could be different for different types
of households (car-sufficient vs. car-deficient households). In such a case, the
relationships among the built environment, travel attitudes, and travel behavior may
vary across household types. Future studies can also examine this issue by latent class
models. The results of such studies can benefit the design of transport-related policies
that targeting different types of population groups.
7. This research takes Beijing, China as the study area. Households in other Chinese
cities or other countries may not make their decisions on long-term location/mobility
choices and travel behaviors in a same way. More research in other areas are needed to
verify if the results of this research could be generalized to different regions.
8. This research is based on cross-sectional models due to data limitations. Studies using
longitudinal designs and qualitative approaches are highly recommended to provide
robust causal evidence to establish causality both statistically and conceptually. “Big
data” may provide panel travel data with more measurement points.
9. This research examined household members’ residential preferences and attitudes
toward transportation modes. Future studies can examine other psychological factors
may also influence household members’ long-term choices and daily travel decisions,
such as travel-liking attitude, lifestyle, personality and values. Besides, this research
found evidence of residential dissonance (chapter 3). Future studies can also investigate
reasons why households have not living in preferred residential locations. Similar
research could help figure out the barriers for compact development to attract residents.
10. The built environment may have different effects on travel when it is measured at
different spatial scales. The self-selection effect may be misestimated if land use factors
are not measured at an appropriate scale. A remaining question is: what is the spatial
unit of evaluating the neighborhood environment when households self-select their
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residential locations? Future studies can investigate this issue using qualitative surveys
or statistical models with multi-level built environment variables.
11. This research selected travel time by different modes to measure household
members’ travel behaviors. Future studies should try to examine other dimensions of
travel behavior, such as travel frequency, travel distance, modal choice for certain
activity (e.g. commuting and shopping) as well as fuel consumption resulted from
household car use. These studies contribute to a more comprehensive understanding on
household members’ travel decisions in daily life.
12. This research provides evidence on how household members change their travel
behaviors in response to changes in the built environment. It is also valuable to
investigate how household members response to a specific transport strategy (e.g. car
restriction policy, or the opening of a new rail line). Such studies require (panel) data
before and after the implementation of certain transport policy, but they could provide
more direct policy implications for future urban planning.
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A APPENDIX TO CHAPTER 2
Table A.1 Empirical studies on the built environment, travel attitudes, and travel behavior
(BE: the built environment; AT: travel attitudes; TB: travel behavior; RSS: residential self-selection)
Studies

Sample

Method

1. Confounding effect of AT on BE-TB linkages
Statistical control
Cao et al.,
1682 residents in
Seemingly
2009b
Northern
unrelated
California, USA,
regression
2003
Response: 25%
Susilo et al.,
659 respondents in
Descriptive
2012
13 sustainable
and linear
developments, UK
regression
Response: unknown analyses
Christiansen et 642 adults in
Multilevel
al., 2014
Aarhus, Denmark
logistic
response: 34.9%
regression
Paulssen et
al., 2014

519 commuters
from a consumer
panel in Germany
Response: 45%

Integrated
choice and
latent
variable
model

Measures of TB Measures of BE Measures of AT

Conclusions

Frequencies of
non-work trips
by auto, transit
and
walking/biking
Percentage of
public transport/
cycle/walking as
the main mode
Travel mode
choices
(dummies)

Objective and
perceived
neighborhood
characteristics

Various measures
for residential
preferences and
travel attitudes

Objective
neighborhood
characteristics

Having an
environmental
concern (binary)

Neighborhood
walkability

Moving reasons
for current
residence

Mode choice for
daily trips to
work/education

Transit
accessibility and
commute time

Various measures
for travel attitudes
and personal
values

BE and RSS.
BE has its separate impacts on travel
frequencies; self-selection effect is
stronger for walking/biking trips
than auto/transit trips.
BE and RSS.
Travel preferences were considered
in residential choice; BE and AT
both affect travel mode choice.
BE and RSS.
BE shows attenuated but significant
effect on TB after controlling for
AT.
RSS > BE.
Travel attitudes have a larger effect
on TB than BE; values influence
attitudes directly and TB indirectly.
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Schoner and
Cao, 2014

1303 respondents in
the Twins Cities,
USA, 2011
Response: 22.2%

Negative
binomial
regression

Number of days
walking for
store/stroll in the
last week

Kamruzzaman
et al. 2015a

3537 employed
individuals in
Brisbane, Australia,
2011
Response: unknown
7408 individuals in
57 cities in Japan,
2005
Response: unknown
499/324
respondents in
Seattle/nine small
towns, USA, 20112013
Response: unknown

Binary
logistic
regression

Commute mode
choice

Negative
binomial and
Poisson
regression
Negative
binomial
regression

Non-work trip
frequency by
mode
Durations of
utilitarian and
recreational
walking per day
(objective)

Population and
commercial
density, transit
access
Objective and
perceived
neighborhood
characteristics,
urban vs. towns

355 movers in the
Hague, the
Netherlands, 2014
Response: 5%

Poisson
regression
analyses

Days of use
certain travel
mode per week

Residential
location (three
TOD areas)

Parady et al.,
2015

Stewart et al.,
2016

Ettema and
Nieuwenhuis,
2017

Objective and
perceived
neighborhood
characteristics,
LRT corridor
(yes or no)
Five types of
neighborhoods
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Various measures
for residential
preferences and
travel attitudes

BE and RSS.
BE and AT variables are both
significant, while “LRT corridor”
itself is insignificant for walking.

Four factors of
residential
preferences and
four factors of
travel attitudes
Modal access
preferences (and
joint preferences)

BE and RSS.
Both neighborhood type and
attitudinal factors are significant
predictors of commute mode choice.

Moving reasons
for current
residence

BE and RSS.
AT attenuate the linkage between
BE and TB, which is stronger in
urban (town) area for utilitarian
(recreational) walking.

Various measures
for travel attitudes
and reasons for
location choice

BE and RSS.
BE remains significant after
controlling for AT; two types of AT
both affect TB.

BE and RSS.
BE and AT significantly influence
TB, and the effects vary across cites.

Manaugh et
al., 2017

Zhang et al.,
2017

Jarass and
Scheiner,
2018

4944 respondents in
Montreal, Canada,
2013
Response: 31.7%
481/204/107
households in
commodity/reforme
d/resettlement
housing in Beijing,
China, 2009
Response: unknown
317 new movers in
Berlin, Germany,
2012
Response: 46%

Multinomial
logistic
regression

Frequency of
cycling

Probit and
OLS
regression
analyses

Car ownership
and vehicle fuel
consumption

Commute
distance and
characteristics
of the route
Distance to city
center, transit
proximity (<
1km or not),
transit proximity

Various measures
for residential
preferences and
travel attitudes
Not available

BE and RSS.
Both BE and AT factors show
significant effects on the cycling
frequency.
BE and RSS.
Transit proximity has a negative and
significant effect on TB in all
samples, but the effect is weaker for
residents with exogenous residential
locations.

* transit time
to city center
Liner
regression
analysis

Modal shares of
travel time per
month

Not available
(all respondents
from the same
neighborhood)

Five clusters
based on 23
statements of
travel/residential
preferences

BE and RSS.
Travel modal share varies across
urban areas; AT clusters also affect
TB.

Simultaneous models
Pinjari et al.,
2793 individuals in
2009
San Francisco Bay
Area, USA, 2000
Response: unknown

Joint mixed
MNLMDCEVa
model

Activity time
allocation

Objective
neighborhood
characteristics

Scheiner,
2010

SEM
(recursive)

Travel distances
for maintenance,

Supply of
shopping/leisure
opportunities,

Not available
(correlated error
terms across
residential and TB
choice models)
Residential
preferences
(access to work,

BE and RSS.
BE (employment density)
significantly affects TB; selfselection is captured by correlated
error terms.
BE, no RSS.
BE has the strongest influence on
maintenance trips; AT have no

Around 2000
respondents in
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Baar et al.,
2015

Yu and Zhu,
2015

Morckel, 2016

Cologne, Germany,
2002~2003
Response: 27%
1245 students in
Leipizig, Germany,
2012
Response: 84.6%
2597 households in
in Austin, Texas,
USA, 2007
Response: 22.7%

99 participants in
three US cities,
2010
Response: unknown
Susilo and
30645 households
Liu, 2016
with at least on
child in UK, 20022006
Response: unknown
Cao and Yang, 1239 respondents in
2017
Guang Zhou,
China, 2015
Response: unknown

job and leisure
trips

access to
workplaces

SEM
(recursive)

Frequency and
duration of
physical activity
last week

SEM
(recursive)

Walking to
school (binary)
for children

Perceived
neighborhood
built and social
environments
Perceived
neighborhood
characteristics
of parents

SEM
(recursive)

Exercising time
last week

SEM
(recursive)

Travel duration,
frequency and
mode share of
both parents and
children

SEM (nonrecursive)

CO2 emissions
per commuting
trip

Perceived
neighborhood
mobility and
incivilities
Density, access
to public
transport and
amenities
Objective
neighborhood
characteristics
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leisure and
shopping places),
lifestyle measures
Moving reasons
for current
residence
Travel attitudes
and moving
reasons for current
residence of
parents
Various measures
for travel attitudes

Moving for better
built environment
or accessibility,
perceptions on
transport services
Various measures
for travel attitudes

significant effect on any type of trip
distance.
BE and RSS.
AT influence both current BE and
TB; BE (street network) also affects
TB.
BE and RSS.
Moving reasons and BE have direct
effects on TB; moving reasons affect
BE.
RSS, no BE.
AT determine both TB and
perceived BE; perceived BE has no
impact on TB.
BE and RSS.
BE influences the TBs of all
members; moving reasons only
matter for children.
BE and RSS.
AT influence both BE and TB; the
BE impact on TB diminished but
significant after controlling for AT.

Singh et al.,
2018

3000 households in
in the New York
metropolitan
region,
USA, 2011-2012
Response: unknown
Sample selection models
Bhat and
3696 residents in
Eluru, 2009
the San Francisco
Bay Area, USA,
2000
Response: unknown
Cao, 2009
1479 residents in
Northern
California, USA,
2003
Response: 25%

Propensity score models
Cao, 2010
1682 residents in
Northern
California, USA,
2003
Response: 25%

Joint choice
model

Household
VMT

Population
density at TAZ
level

Sample
selection
model

Daily vehicle
miles travelled
(VMT)

Conventional vs. Not available
neo-urbanist
neighborhoods

BE > RSS.
Self-selection accounts for 17% of
the total impact of BE on TB.

Sample
selection
model

Vehicle miles
driven (VMD)
per week

Traditional vs.
suburban
neighborhoods

Various measures
for residential
preferences and
travel attitudes

BE > RSS.
Self-selection accounts for 23.8% of
the total impact of BE on TB.

Propensity
score
stratification

Frequencies of
utilitarian and
recreational
walking in the
last month

Traditional vs.
suburban
neighborhoods

Various measures
for residential
preferences and
travel attitudes

BE > RSS.
Self-selection accounts for 14%/39%
of the observed influence of BE on
recreational/utilitarian walking
frequency.
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Not available
(correlated error
terms across
residential and TB
choice models)

BE and RSS.
Socio-demographics, BE, and RSS
explain 33%, 12% and 11% of the
TB variance respectively.

Cao et al.,
2010

Cao and
Schoner, 2014

Yang et al.,
2017

Liu et al.,
2018

Park et al.,
2018

3480 households in
Northern Carolina,
USA, 2006
Response: 25%
1303 respondents in
the Twin Cities,
USA, 2011
Response: 22.2%

Propensity
score
matching

Vehicle miles
driven (VMD)
per day

Distance to city
center (four
categories)

Five measures for
residential
preferences

BE > RSS.
Self-selection accounts for 5-52% of
the observed influence of BE on TB.

Propensity
score
matching

LRT corridor
(yes vs. no)

Not available

BE and RSS.
Controlling socio-economic based
self-selection could increase or
decrease the BE impact on TB.

405 households in
Nanjing, China,
2013
Response: unknown
239 respondents in
Hang Zhou, China,
2015
Response: 20%
2455 households in
eight metropolitans
with rail transit,
USA, 2006-2012
Response: unknown

Propensity
score
matching

Transit trip
numbers for
commute/nonwork purposes
per week
Activity- and
mode-specific
travel duration
and frequency
Home-based trip
chain
complexity

Residential
location (outer,
inner and core
urban areas)
Housing type
(commodity vs
public housing)

Household level
attitudinal
variables

BE and RSS.
Controlling for RSS could increase
or decrease the BE impact on TB.

Not available

BE and RSS.
Controlling for RSS could increase
or decrease the BE impact on TB.

Household
VMT and travel
frequency by
mode

TAD, TOD or
hybrid
neighborhoods

Not available

BE > RSS.
BE significantly influences travel
frequency, but not VMT; RSS
accounts for 20% of observed BE
effect on TB (for TAD-TOD pair).

PSM+ panel
ordered
probit model
Propensity
score
matching
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Longitudinal designs
Aditjandra et
219 movers of in
al., 2012
Tyne and Wear
metropolitan area,
UK, 2007
Response: 33%
Giles-Corti et
al., 2013

Scheiner and
Holz-Rau,
2013

Cao and Cao,
2014

SEM
(recursive)

Change in
driving behavior
(five-point
scale)

Perceived
neighborhood
characteristics
(change)

Various measures
for residential
preferences and
travel attitudes
(current)

BE and RSS.
Changes in BE and current AT both
significantly influence the change in
driving behavior.

1420 participants in
in Perth, Australia,
2005/2006
Response: 34.6%
and 83.3%
791 movers in
Cologne, Germany,
2003
Response: 27%

Generalized
mixed linear
regression

Change in
walking time for
transport and
recreation

Five factors
regarding moving
reasons for current
neighborhoods

SEM
(recursive)

Change in travel
frequency by
mode and car
ownership level

1303 respondents in
the Twin Cities,
USA, 2011
Response: 22.2%

Ordered logit
models with
fixed effect

Vehicle
numbers
(current/change)

Change in
objective and
perceived
neighborhood
characteristics
Relocation type,
change in
perceived
neighborhood
characteristics
Objective (only
current) and
perceived
neighborhood
characteristics,
LRT corridor
(yes vs. no)
(current/change)

BE, no RSS.
Objective and perceived BE
attributes both have independent
effects on TB; AT have no impact
on TB.
BE, RSS is unknown.
Changes in BE significantly
influence the change in TB; RSS is
unclear since AT are not included in
models.
BE > RSS.
BE attributes are significant in both
cross-sectional and quasilongitudinal models, while AT are
only significant in the former;
transit-related factors are all
insignificant.
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Not available

Various measures
for residential
preferences and
travel attitudes
(current)

Cao, 2015a

Aditjandra et
al., 2016

Clark et al.,
2016

Kamruzzaman
et al., 2016

Klinger and
Lanzendorf,
2016

1303 respondents in
the Twin Cities,
USA, 2011
Response: 22.2%

Ordered logit
and

170 movers of in
Tyne and Wear
metropolitan area,
UK, 2007
Response: 33%
15,200 employers
in UK, 2009/10 and
2010/11 (panel)
Response: unknown
3,708 individuals in
Brisbane, Australia,
2007-2011
(Panel data)
Response: unknown

SEM
(recursive)
and ordered
logit model

Zero-inflated
negative
binomial
and linear
multiple
regressions

Duration of
walking for
transport per
week
(current/change)

1450 inter-city
movers in
Germany, 2011

Ordinary
least square
models

Travel
frequency by

parsimonio
us models

Binary
logistic
regression

Walking/cycling
time per week
for transport
(current/change)

Changes in
public transport
use and walking
behavior (fivepoint scale)
Commute mode
choice (base and
change)

Perceived
(current/change)
and objective
(current)
neighborhood
characteristics
Perceived
neighborhood
characteristics
(change)
Objective
neighborhood
characteristics
(base + change)
Residential
density, street
connectivity,
land use mix
and access to
public transport
(current/change)
Change of
activity space
and regional
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Various measures
for residential
preferences and
travel attitudes
(current)

BE and RSS.
BE shows attenuated but significant
effect on TB after controlling for
AT.

Various measures
for residential
preferences and
travel attitudes
(current)
Pro-environment
attitude (base)

BE and RSS.
AT influence both BE and TB, BE
has an independent effect on TB.

Four factors of
travel attitudes
(current and
change); moving
reasons for current
residence

BE and RSS.
Both BE and AT variables are
significant in cross-sectional and
longitudinal models explaining the
walking duration.

Residential
preferences (base),

BE and RSS.
Change of activity space, cityrelation of the move and two types

BE and RSS.
Both the change in BE and baseline
AT influence the change in TB.

Response: 28%

Næ ss et al.,
2017

1904/1328 residents
in Oslo/Stavanger,
Norway, 2014
Response: 11.3%

Direct questioning
Li, 2018
27 participants in
Dallas, USA, 2009
Response: N/A

Humphreys
and Ahern,
2019

838 respondents in
the Greater Dublin
Area, Ireland, 2014
Response: 17.2%

mode (base and
change)

accessibility,
city-relation of
the move
Neighborhood
characteristics
(current) and
distance to city
center (change)

perceived mobility
culture (change)
Six factors of
residential
preferences
(current)

of attitudinal factors show
significant effects on the change of
TB.
BE and RSS.
Both current BE and AT influence
TB; the BE effect varies across cities
and day of week; ∆BE affects ∆TB.

Poisson
regression
and ordered
logit models

Weekly travel
distance by car
(current and
change)

Focus group

Use transit or
not

Living in TOD
areas or not

Open-ended
questions about
reasons for
residential and
travel choices

BE and RSS.
People value accessibility in
residential choice; transit service and
travel attitudes influence their transit
use.

Descriptive
analysis and
linear
regression

Mode choice for
different travel
purposes

Sustainable vs.
non-sustainable
neighborhood

Intended travel
mode

BE and RSS.
Over half of respondents (51%) took
AT as a priority in residential
choice; BE and AT both influence
TB.

Urban vs. rural
neighborhoods

Preferences for
car/alternatives;
interaction terms
(BE*AT)

BE and RSS.
Non-auto trips are mainly
determined by AT than BE; The

2. Interaction effects between BE and AT on TB
Comparing TBs between residential consonants and dissonants
De Vos et al., 1657 respondents in Descriptive
Mode choices of
2012
Ghent, Belgium,
analyses
leisure travels
2007
Response: unknown
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effects of BE and AT on car use are
more balanced.
BE/RSS/interaction effect.
AT vary across BE; TB vary across
urban and suburban areas; the effect
of AT on TB is larger in urban areas.

De Vos and
Witlox, 2016

1720 respondents in
Ghent, Belgium,
2012
Response: 6.5%

Descriptive
analyses

Travel distance
and travel time
of leisure trips

Urban vs.
suburban
neighborhood

Travel liking or
not; interaction
terms (BE*AT)

Wolday et al.,
2018

1904 respondents in
Oslo, Norway, 2015
Response: 13.3%

One-way
ANOVA test

Numbers of
work/non-work
trips by transit
per month

Transit-rich vs.
transit-poor
zones

Preference for
transit access;
interaction terms
(BE*AT)

BE/RSS/interaction effect.
Both BE and AT affect TB; the
effect of AT on TB is larger in
transit-rich zones than in transit-poor
zones.

Objective
neighborhood
characteristics

Moving reasons
for current home
(auto, walk/bike or
transit access) (for
dividing the
sample)
Preference for the
proximity to
transit and
destinations
(for dividing the
sample)

BE/RSS/interaction effect.
The BE impact on TB increases
after controlling for AT; the BE
impact on transit trips differs
between transit seekers and others.

Comparing the coefficients of BE/AT between sub-models
Chatman,
999 residents in
Negative
Number of
2009
various
binomial
nonwork trips
metropolitan areas
regression
by mode type
in USA, 2003-2004
per day
Response: 20%
Næ ss, 2009

1932 residents in
Copenhagen,
Denmark, 2001
Response: unknown

Descriptive
and
multivariate
regression
analyses

Distance
travelled by car
on weekday

Objective
neighborhood
characteristics
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BE/RSS/interaction effect.
The BE impact on TB changes
slightly after controlling for AT; the
BE impact is stronger if AT is
positive.

Joh et al.,
2012

Kamruzzaman
et al., 2013

Manaugh and
El-Geneidy,
2015

1794 residents in
the Los Angeles
County in USA,
2005-2007
Response: 3.8% 11.9%
3957 individuals in
Brisbane, Australia,
2009/2011
Response: unknown

Negative
binomial
regression

1820 commuters in
Montreal, Canada,
2011
Response: 25.5%

Binary
logistic
regression

Descriptive
and
multinomial
logit
regression
analyses

Regression with interaction terms (AT*BE)
Aditjandra et
716 respondents in
Descriptive
al., 2013
the Tyne and Wear and
metropolitan area,
multivariate
UK, 2007
regression
Response: 32%
analyses

Number of
Neighborhood
walking trips per businesses per
day
acre, four-way
intersections,
and intersection
density
Most frequently TOD vs. nonused travel
TOD area (for
mode (base and dividing the
change)
sample),
objective
neighborhood
characteristics
(base only)
Commute mode Transit quality
choice (transit (access/waiting
vs. automobile)
time and transfer
times)

“high-walk” vs.
“low-walk”
attitudes (for
dividing the
sample)

BE/interaction effect.
Neighborhood businesses
(intersection density) only influences
the TB of people with “high-walk”
(“low-walk”) attitude.

Negative-public
transport attitude
(base and change)

RSS > BE, interaction effect.
Both BE and AT are significant
predictors of TB; the effects of AT
on TB vary across TOD and nonTOD areas.

Seven clusters
analyzed from
residential choice
factors (to divide
the sample)

BE/RSS/interaction effect.
BE, TB and the associations
between them vary across different
clusters.

Weekly vehicle
miles driven
(VMD)

Various measures
for residential
preferences and
travel attitudes,
interaction terms

BE/RSS/interaction effect.
Descriptive: AT vary across
neighborhoods; Regression:
neighborhood type and AT affect

Traditional vs.
suburban
neighborhoods,
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Norman et al.,
2013

240 overweight and
obese men in
California, USA,
Response: unknown

Linear
multiple
regression

Cho and
Rodriguez,
2014

612/255
respondents in the
Montgomery
County/Twin
Cities, USA,
2005/2006
Response: unknown
1037 commuters in
the Twin Cities,
USA, 2011
Response: 22.2%

Ordered
logistic
regression

Ordered
response
model

Frequencies and
durations for
transport/leisure/
total walking
last week
share, number
and duration of
walking per day;
energy cost of
recreational/
transport trips
per week
Commute
frequencies by
driving/transit

3403 inhabitants in
Tampere, Finland,
2012
Response: 17%

Descriptive
and logistic
regression
analyses

Travel mode
choices
(motorized vs.
active) to six

Cao, 2015b

Haybatollahi
et al., 2015

Perceived
neighborhood
characteristics
Neighborhood
walkability

(neighborhood
type*AT)

VMD significantly; AT have larger
effects in traditional neighborhoods.

Preference for
walkable
neighborhoods,
interaction terms
(walkability*AT)
Pro-urban/prosuburban attitudes,
and interaction
terms (BE*AT)

BE/RSS/interaction effect.
BE and AT both influence walking
behavior; BE matters more for those
who prefer low-walkable areas.

Urban, suburban
and LRT
neighborhoods

Pro-transit/prodrive attitudes;
interaction terms
(BE*AT)

Density, the
proportion of
green areas,
destination
accessibility

Three clusters
analyzed from
four residential
preference factors,

BE/RSS/interaction effect.
Both BE an AT have significant
influences on TB; pro-transit attitude
has a larger effect on transit
commute in suburban areas.
BE/RSS/interaction effect.
BE and TB vary across different
clusters; BE, AT and interaction
terms all have significant influences
on TB in regression models.

Urban vs.
suburban
neighborhoods
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BE/RSS/interaction effect.
In the Montgomery County, AT
affect walking behavior and
transport activity only in urban
areas.

Kamruzzaman
et al., 2015b

2675 commuters in
Brisbane, Australia,
2009/2011
Response: unknown

Huang et al.,
2016

782 respondents in
Xi’an, China, 2014
Response: 60-70%

Descriptive
and binary
logistic
regression
analyses
Negative
binomial
regression

Lindelöw et
al., 2017

1001 residents in
Malmö, Sweden,
2011
Response: 30%

Zhang and
Zhang, 2018

975 individuals in
Austin, USA,
2005-2006
Response: unknown

types of
destinations
Travel mode
choice (use
certain mode or
not)

TOD vs. nonTOD area

Frequencies of
commute and
non-work trips
by transit

Metro transit
corridor (yes or
no), objective
neighborhood
characteristics

Descriptive
and multiple
regression
analyses

Walking
frequency
(average score
of three most
frequent trips)

Walkable vs.
non-walkable
neighborhoods

Two-level
hierarchical
linear model

Personal VMT

Six objective
land use factors
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interaction terms
(BE*cluster)
Prefer TOD areas
(yes vs. no),
interaction terms
(BE*AT)
Propensity score
(PS) of living in
metro transit
corridor,
interaction terms
(PS*corridor)
Various measures
for residential
preferences, travel
(modal) attitudes,
and interaction
terms (BE*AT)
Preferences for
accessibility,
interaction terms
(BE*AT)

RSS > BE, interaction effect.
AT has a larger effect on TB than
BE, but this disparity decreases over
time; BE has less impact if AT is
positive.
BE/RSS/interaction effect.
Metro transit corridor and PS both
affect TB; PS has a stronger effect
on commute trips in non-metro
areas.
BE > RSS, interaction effect.
AT are similar across neighborhoods
(RSS is limited); BE, AT and
interaction terms both affect the
walking frequency.
BE/RSS/interaction effect.
Both BE and AT affect TB; AT have
interactive effects with two BE
factors.

3. Feedback effect of BE/TB on AT
Cross-sectional quantitative studies
Van Acker et
1878 respondents in
al., 2011
Ghent, Belgium,
2007
Response: unknown

SEM (nonrecursive)

Mode choices
for leisure
activities

Five objective
land use factors
(factor analysis)

Various measures
for lifestyle, land
use preferences
and travel attitudes

BE/RSS/feedback effect.
BE and AT both influence travel
mode choices directly and indirectly;
AT are interrelated with BE and TB.

de Abreu e
Silva, 2014

790 residents in
Lisbon, Portugal,
2009
Response: unknown

SEM (nonrecursive)

Car ownership,
trip number, and
trip scheduling

Various measures
for travel attitudes

BE/RSS/feedback effect.
BE and AT both influence TB; AT
affect the residential and work
location choices, and vice versa.

Van Acker et
al., 2014

1878 respondents in
Ghent, Belgium,
2007
Response: unknown

SEM (nonrecursive)

Car availability

Objective
neighborhood
characteristics in
both residence
and workplace
Five objective
land use factors
(factor analysis)

BE/RSS/feedback effect.
BE and AT both influence car
availability directly; AT are
interrelated with BE and car
availability.

Ewing et al.,
2016

960 households in
the Wasatch Front
area, USA, 2012
Response: unknown
253/214 residents
who can/cannot
self-select residence
in Beijing, China,

Two SEMs
(recursive)

Household
VMT in one
survey day

Various measures
for lifestyle, land
use preferences
and general/modespecific travel
attitudes
One general
residential
preference factor

SEM
(recursive
and nonrecursive)

Motorized travel Distance to city
time/share of
center, transit
private car travel access, commute
time

Lin et al.,
2017

One general
objective land
use factor
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Preference for car,
transit and nonmotorized travel
modes (yes or no)

BE/RSS/feedback effect.
BE has a larger direct/total effect on
TB than AT; BE and AT are
interdependent.
BE/RSS/feedback effect.
Both BE and AT affect TB; AT and
BE are interrelated for those who

2011-2012
Response: unknown
Longitudinal quantitative studies
Chen et al.,
566 movers in the
2009
Puget Sound region,
USA, 1989-2002
(panel)
Response: unknown
Weinberger
15,537 moved
and Goetzke,
households in six
2010
cities in USA, 2000
Response: unknown
Chen and Lin, 170 married-couple
2011
households in the
New York City
Area, USA, 2009
Response: 5%
Macfarlane et 227,830 households
al., 2015
in Atlanta, USA,
2010
Response: unknown
van de
Coevering et
al., 2016

1322 respondents in
the Netherlands,
2005/2012 (panel)

distance, and
walkable street
Distancebased
generalized
extreme
value model
Multinomial
probit model

Multinomial
logit models

Multinomial
logistic
regression

CLPMb

Not available

Car ownership
level*residential
location (central
area or not)
Not available

Household
vehicle numbers
and
insufficiency
(current)
Amount of car
use compared to
other modes

can self-select BE; BE affects AT
for those who cannot self-select.

Objective
neighborhood
characteristics
(both current
and historical)
Residential
location
indicators (both
current and past)
population
density (for both
current and past
residence)

Not available

Census housing
unit density and
non-vehicle
mode share
(current/before)
Residential
location,
objective

Not available
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Not available

Not available

Attitudes toward
travel modes

RSS/feedback effect.
Historical exposures to BE
significantly influence current
residential choice (through
unobserved AT).
RSS/feedback effect.
Past residential location affects
current car ownership (through
unobserved AT).
RSS/feedback effect.
Prior exposures to density negatively
influence current residential density
(through unobserved AT).
BE/feedback effect.
Current BE influences TB;
Historical exposures to BE have
modest effects on TB (through
unobserved AT).
BE/feedback effect/no RSS.
BE and AT in 2005 both influence
the TB in 2012;

Kroesen et al.,
2017

De Vos et al.,
2018

Response: 31/54%
for baseline/secondround survey
1376 respondents in
the Netherlands,
2013/2014 (panel)
Response:
79.9%/86.7%
1539 movers in the
city of Ghent,
Belgium, 2017
Response: 16.5%

Smart and
Klein, 2018

64,559 households
in cities in the US,
1999-2013 (panel)
Response: unknown

van de
Covering et
al., 2018

1322 respondents in
the Netherlands,
2005/2012 (panel)
Response: 31/54%
for baseline/secondround survey

neighborhood
characteristics
CLPMb and
latent
transition
model

Travel distance
by car, transit
and bicycle
(before/after)

Not available

Attitudes toward
car, transit and
bicycle
(before/after)

Descriptive
analyses and
multinomial
logistic
regression
Logistic
regression
and OLS

Current travel
frequency by
mode and selfreported change
after relocation
Transit use and
the ration of cars
to adults in the
household
(current)

Urban vs.
suburban
neighborhoods

Two factors of
travel mode
attitudes and selfreported changes
after relocation
Not available

Latent
transition
model

Share of car use,
car ownership,
car availability,
ownership of
public transport
card

Distance to
transition station
and distance to
shopping center

Exposure to
transit access
(current/before),
population
density (current)
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Attitudes toward
travel modes;
Importance of
distance to shops
and services in
residential choice

BE in 2005 impacts the AT in 2012,
but AT in 2005 do not affect BE in
2012.
Feedback effect.
Prior AT (TB) influence later TB
(AT), but the latter is stronger;
people tend to adjust AT rather than
TB when they are mismatched.
RSS/BE/feedback effect
Current AT vary across BE; both AT
and TB change after a residential
relocation takes place.
BE/feedback effect.
Current BE influences TB, prior
exposures to BE influence current
TB (through unobserved AT).
RSS/feedback effect.
RSS and reverse causality both
occur and depend on initial
residential dissonance.

Wang and Lin, 229 household
2019
heads in Beijing,
China
2011-2012/2013
(panel)
Response:
unknown/49.0%
Qualitative studies
Jones and
26 adult
Ogilvie, 2012 participants in
Cambridge, UK,
2011
Response: 51%
Lee et al.,
54 respondents in
2015
Davis, California,
USA
Response: unknown

CLPMb

Total travel
time, travel
frequency by
car, transit and
non-motorized
modes

Distance to city
center, transit
access, commute
distance, and
population
density

Preference for car,
transit and nonmotorized travel
modes (yes or no)

BE/feedback effect/no RSS.
AT have a stronger effect on TB
(than BE); prior BE attributes
influence later AT, but prior AT do
not affect later BE.

Semistructured
interview +
qualitative
analysis
Semistructured
interview +
qualitative
analysis

Commute mode
choice

Relocation of
residential or
employment
location

Attitudes toward
active travel

BE/feedback effect.
People adjusted their commute mode
after relocation, and even formed
new attitudes.

Safety-related
incidents
experienced in
bicycling

Not available

Level of comfort
with/emotional
response to/desire
for bicycling

Feedback effect.
Incidents experienced by travelers
significantly lead to attitudinal
response toward bicycling.

Wolday et al.,
2019

Semistructured
interview +
qualitative
analysis

Not available

Urban vs.
suburban
neighborhoods

Moving reasons
for current
residence; attitude
toward transit

RSS/feedback effect.
Only people who prefer non-auto
modes tend to choose their homes
based on AT; a few respondents
adjust their AT after relocation.

33 respondents in
Oslo and Stavanger,
Norway, 2015
Response: unknown

Notes. a: Multinomial Logit–Multiple Discrete-Continuous Extreme Value; b: Cross-lagged panel model.
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Figure A.1 Model structure of estimated SEMs
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Table A.2 R2 measures for models in chapter 3
Male
head

Variable name

Description

Car ownership
Household VMT

Number of household private cars
Vehicle miles driven per month for
each family (km)

Travel behavior (weekday)
Total travel time
Total travel time on a weekday (min)
Share of travel by car Share of travel time by car over total
travel time (%)
Share of travel by
Share of travel time by walking/cycling
non-motorized modes over total travel time (%)
Travel behavior (weekend)
Total travel time on a weekend day
Total travel time
(min)
Share of travel time by car over total
Share of travel by car
travel time (%)
Share of travel by
Share of travel time by walking/cycling
non-motorized modes over total travel time (%)

Female
head
0.392
0.229

0.111
0.400

0.117
0.345

0.138

0.103

0.086

0.072

0.298

0.327

0.156

0.183

Note. R2 measures were obtained from “squared multiple correlation (SMC)” in the output file of
AMOS.
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C APPENDIX TO CHAPTER 4
Table A.3 R2 measures for models in chapter 4
Variable name
Car ownership

Description

Group I

Group II

Number of household private cars

0.338

0.491

Travel time by private car on a
weekday (mins)
Travel time by bus/metro on a
weekday (mins)
Travel time by walking/cycling on a
weekday (mins)

0.295

0.360

0.213

0.174

0.109

0.197

Travel behavior
Travel time by car
Travel time by transit
Travel time by nonmotorized modes

Note. R2 measures were obtained from “squared multiple correlation (SMC)” in the output file of
AMOS.
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