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A B S T R A C T   

Featuring the most direct and closest social relationships, the household plays a crucial role in influencing an 
individual’s wants, needs, and behavior. However, the role of intra-household decisions in the connection be-
tween the built environment and activity-travel behavior has not been systematically analyzed. This paper adds 
to the literature by: (1) proposing a conceptual framework explaining how intra-household decisions are related 
to activity-travel behavior, the built environment, and attitudes; (2) synthesizing the current literature on this 
topic; and (3) identifying gaps in the literature and suggesting avenues for future research. In particular, we focus 
on the relationships between intra-household decisions and (changes in) travel attitudes, residential self- 
selection, and residential dissonance. Based on the results of the literature review, we found that very few 
studies have explored the extent to which the residential built environment meets and satisfies the travel needs 
and preferences of different household members, and how these contribute to different activity-travel behaviors. 
As attitudes may vary over time, capturing changes in attitudes and activity-travel behavior of different members 
of a household during and after residential relocation is recommended for future research to understand the role 
of intra-household decisions in the relationship between attitudes, built environment, and activity-travel 
behavior.   

1. Introduction 

Most activity and travel behavior studies consider the individual as 
the unit of analysis. However, individual activity-travel behavior may 
also be the result of a group decision, especially within a household. 
Most people live in a multiple-member household in most stages of life, 
and household members tend to jointly schedule and distribute various 
activities among each other (Bhat and Pendyala, 2005; Ho and Mulley, 
2015b; Kroesen, 2014). In addition, residential location decisions, which 
have an important impact on travel behavior, are taken at the household 
level. This suggests that the factors that impact individual activity-travel 
behavior are related to intra-household decisions—an outcome of the 
joint decisions of multiple household members. We define intra- 
household activity-travel decisions as all decisions on location and ac-
tivity choices and travel behavior made at the household level. 

However, the impact of intra-household decisions has been largely 
overlooked in studies on the relationship between the built environment 
and travel behavior. Here, built environment refers to the human-made 
environment such as the land use and transportation systems where 

people carry out daily activities (Frank et al., 2003; Handy et al., 2002). 
The classic Five Ds—density, diversity, design, distance to transit, and 
destination accessibility—have been used to measure the built envi-
ronment (Cervero and Kockelman, 1997; Ewing and Cervero, 2010). It 
has been widely acknowledged that residents in neighborhoods with 
higher density, more mixed land uses, and shorter distances to public 
transport drive less and tend to walk, cycle, and use public transport 
more frequently (Ewing and Cervero, 2001, 2010). However, as 
household members share the same residential location, but are under 
different spatial and temporal constraints (Ho and Mulley, 2015b), they 
may be differently affected by the built environment. 

An indirect way in which the built environment influences travel is 
through residential self-selection which is the “tendency of people to 
choose locations based on their travel abilities, needs, and preferences” 
(Litman, 2005, p. 5). Residential self-selection occurs when individuals 
with certain attitudes self-select their preferred residential built envi-
ronment so that they can use their preferred travel mode more 
frequently (Kitamura et al., 1997; Næss, 2009; Van Wee, 2009). This 
suggests that part of a built environment’s impact on travel may arise 
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from attitude-induced self-selection. Hence, such self-selection should 
be controlled for, otherwise the impact of the built environment may be 
overestimated (Mokhtarian and Cao, 2008). However, an underestima-
tion is also possible, especially if the built environment leads to changes 
in attitude (Kroesen et al., 2017). Moreover, the impact of the built 
environment on travel behavior through residential self-selection has 
mostly been investigated at the individual level despite the fact that 
decisions about where to live and how to allocate household tasks and 
resources are made at the household level. In particular, in a multiple- 
member household where members have different attitudes but share 
the same neighborhood environment, residential location decisions may 
suggest different degrees of residential self-selection for different 
members. 

Since the 1980s, intra-household travel behavior has received 
increasing interest, leading to one literature review paper (Ho and 
Mulley, 2015b) and three special issues: two in the journal “Trans-
portation” (Auld and Zhang, 2013; Bhat and Pendyala, 2005) and one in 
the journal “Transportation Research Part B" (Timmermans and Zhang, 
2009). The accumulated literature has, however, hardly addressed the 
importance of intra-household decisions related to the impact of the 
built environment on travel behavior and even less in the context of 
residential self-selection. 

This review aims to connect intra-household travel research and the 
impact of the built environment on travel behavior by departing from an 
a priori conceptual framework. In particular, we focus on how intra- 
household decisions are made regarding residential location choice 
and activity and travel behavior, in the context of individual travel at-
titudes. Some important issues such as residential self-selection, resi-
dential dissonance, and changing attitudes are discussed at the 
household level. Consequently, this paper adds to the literature by: (1) 
proposing a conceptual framework explaining how intra-household 
decisions are related to activity-travel behavior, the built environ-
ment, and attitudes; (2) synthesizing the current literature on this topic; 
and (3) identifying gaps in the literature and suggesting avenues for 
future research. 

The rest of this paper is organized as follows. Section 2 presents the 
key concepts that are relevant to this study while Section 3 describes the 
literature search strategy and gives an overview of the papers used for 
the literature review. Section 4 then summarizes the empirical findings, 
identifies gaps, and proposes avenues for future research based on an a 
priori conceptual framework. Finally, Section 5 presents some 
concluding remarks. 

2. Key concepts 

2.1. Intra-household decisions 

Intra-household decisions refer to household members communi-
cating with or reacting to each other regarding outcomes or values that 
affect them all. In our review, intra-household decisions include: (1) 
joint structural decisions, for example, important decisions about loca-
tion, such as those regarding residential, work or school locations (Guan 
and Wang, 2019b; Ho and Mulley, 2015b; Zhang and Fujiwara, 2009); 
(2) car ownership and the allocation of household resources (e.g., cars), 
tasks and activities (Ettema and van der Lippe, 2009; Roorda et al., 
2009; Schwanen et al., 2007); and finally (3) the transfer of norms from 
one household member to another which influences travel attitudes and 
behavior (Barnett et al., 2013; Mao and Wang, 2020; Reid et al., 2010). 
As these three aspects are somewhat broad, we mainly focus on their 
links to activity-travel behavior. Here, activity behavior refers to various 
kinds of activities that people carry out at different places such as 
working, childcare, and leisure activities. For travel behavior, we mainly 
focus on mode choice for various trips. 

2.2. Attitudes, built environment and travel behavior 

2.2.1. Residential consonance and dissonance 
Residential self-selection assumes a consonance between the actual 

residential location and the preferred residential location based on 
travel attitudes (i.e., residential consonance). However, there may be a 
mismatch between travel attitudes and actual residential built envi-
ronment, which is defined as residential dissonance. For instance, peo-
ple who like driving a car but actually reside in a high-density urban 
area are considered to be residential dissonants. Residential dissonance 
arises from the complicated process of the residential location decision. 
People cannot always fulfill their wants and needs regarding their res-
idential location due to constraints, such as the availability of properties 
in the housing market, housing prices, and personal finances (Guan 
et al., 2020; Van Wee and Cao, 2020). Nevertheless, even without such 
constraints, people might have other considerations—such as the aes-
thetics of available housing or neighborhood safety—so attitudes might 
not be prioritized in the final location decision (Ettema and Nieu-
wenhuis, 2017; Næss, 2009). In addition, a change in attitudes can also 
result in residential dissonance (De Vos et al., 2012), for instance, when 
urban residents develop a preference for car use. Such attitude changes 
may be triggered by a life event, such as childbirth. Moreover, a 
changing built environment with unchanged attitudes may also 
contribute to such dissonance. 

While accessibility is likely a better concept than the built environ-
ment to explore the relationships between activity-travel patterns and 
location, it is comprised of more than land use and the transport system 
(Geurs and Van Wee, 2004), which may further complicate the links of 
the framework we propose. We use the concept of “built environment” 
in this paper—classified into “urban” and “suburban/rural” areas—to 
facilitate understanding. Furthermore, the concept can be interpreted as 
“built environment/accessibility” where accessibility is limited to the 
land use and transport system, excluding the individual and temporal 
component as addressed by Geurs and Van Wee (2004). It is assumed 
that urban areas tend to be high-density with mixed land uses, and 
suitable for walking, cycling, and public transport use while suburban/ 
rural areas are low-density and feature wider roads suitable for car use. 
Based on one’s travel preference and actual residential location, 
consonance and dissonance between attitudes and built environment 
could emerge as indicated in Table 1. 

2.2.2. Changing attitudes 
People with certain attitudes can self-select themselves into their 

preferred built environment but can also change attitudes when influ-
enced by the built environment. In fact, several recent studies have 
shown that residents can adjust their attitudes due to exposure to a new 
environment (De Vos et al., 2018; Wang and Lin, 2019). Such attitude 
changes can result from cognitive, behavioral, and affective processes 
(Van Wee et al., 2019). Cognitive processes suggest that people gain new 
knowledge about the built environment, and therefore renew cognition 
and change attitudes. The behavioral process implies that a change in 
the built environment may result in a change in behavior, which in turn 
leads to a change in attitudes. These attitude changes may arise because 
people tend to align their attitudes with their behavior to reduce 

Table 1 
Consonance and dissonance.   

Pro-urban1 Pro-suburban/rural2 

Urban area Urban consonant Urban dissonant 
Suburban/rural area Suburban/rural dissonant Suburban/rural consonant  

1 Pro-urban refers to a preference for an urban lifestyle in a high-density 
environment with compact land use and a preference for walking, cycling, 
and public transport use. 

2 Pro-suburban/rural refers to a preference for a suburban/rural lifestyle in a 
low-density environment and a preference for car use. 
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cognitive dissonance (Festinger, 1957; Heider, 1982; see also Section 
4.3). The affective process implies that travel in a favorable environment 
leads to positive emotions and high satisfaction, which enhances posi-
tive attitudes towards that built environment and travel mode. In 
addition, attitudes can change for other reasons, such as the influence of 
other people and the social environment. 

3. Literature review 

3.1. Search strategy 

We used the Scopus database with search strings within the title1 

including “household” AND “travel” (OR “commuting” OR “commute” 
OR “activity” OR “activities” OR “allocation” OR “self-selection” OR 
“interaction”); source type was set as “Journal” while the subject area 
was restricted to “Social Science” which includes the following relevant 
sub-fields: “Geography, Planning, and Development,” “Transportation,” 
“Gender Studies” and “Urban Studies.” The search, conducted on 15 
August 2022, resulted in 634 publications. 

We screened papers in the following three steps (Fig. 1): (1) non- 
English language studies and papers unrelated to residential location 
decision, activity participation, and travel behavior were excluded; (2) 
studies that did not involve intra-household decisions, intra-household 
travel studies without empirical findings, and other papers unrelated 
to the topic of this research were excluded; and (3) based on this, we 
used both backward and forward snowballing methods to replenish the 
original database. As we focus on empirical findings, editorials and 
literature reviews were excluded before forming the final dataset. 

3.2. Results 

After screening, 87 papers were kept for the literature review (Ap-
pendix 1). Studies covered a range of themes and focused on intra- 
household transport research. Most concentrated on two topics: 1) car 
use and allocation in the household; and 2) activity distribution among 
household members. A few studies focused on the residential location 
decision, which is another important aspect of intra-household de-
cisions. However, some research implicitly explored the residential 
location choice through a comparative analysis of commute distance 
differences between partners. About half of the studies included the built 
environment in the analysis, while only eight studies included travel 
attitudes in the analysis. 

4. Conceptual framework for the role of intra-household 
decisions: The impact of the built environment on activity-travel 
behavior 

The literature acquired in Section 3 was analyzed based on an a 
priori conceptual framework (Fig. 2). It extends the relationships be-
tween the built environment, travel attitudes, and activity-travel 
behavior from the individual level to the household level by including 
intra-household decisions. The proposed conceptual framework de-
scribes how intra-household decisions play a role in two relationships: 
(1) the connection between the built environment and travel attitudes, 
which includes self-selection, residential dissonance, and changing at-
titudes; and (2) the impact of the built environment on activity and 
travel behavior. For intra-household decisions, we focus on the three 
aspects defined in Section 2.1 (i.e., joint structural decisions, transfer of 
norms, and allocation decisions). Based on the proposed conceptual 
framework, we summarize empirical findings to identify gaps and pro-
pose avenues for future research. However, as very limited literature 

explicitly explores the role of intra-household decisions in the rela-
tionship between the built environment and travel attitudes as well as 
the impact of the built environment on travel behavior, we did not make 
categories for “Empirical evidence” and “Discussion and research sug-
gestions” in Sections 4.4 and 4.5. Relevant findings that explicitly or 
implicitly addressed the arrows in the conceptual framework are listed 
in Appendix 1. 

4.1. Relationship between intra-household decisions and the built 
environment 

4.1.1. Empirical evidence 
Important location decisions such as the residential, work, and 

school locations as well as holiday destinations are important household 
decisions wherein household members negotiate to reach a consensus 
(Arrow 1a). Among these, residential location decisions, as one of the 
most important joint structural decisions within households, are widely 
explored. The role of intra-household decisions in residential location 
choice has been explored by Timmermans and colleagues since the 
1990s (Borgers and Timmermans, 1993; Timmermans et al., 1992); they 
found that household members’ opinions weigh differently in their joint 
residential location decision regarding housing and transport facilities. 
Using data from a stated preference survey of couples in Hiroshima 
(Japan), Zhang and Fujiwara (2009) found that, in different types of 
built environment, wives held less decision-making power than hus-
bands in terms of residential location. 

The residential built environment influences the allocation of out-of- 
home household tasks and activities (Arrow 1b). Schwanen et al. (2007) 
found that in areas with higher population densities, male partners 
participated in more grocery shopping than female partners. It has also 
been found that land use and access to destinations (e.g., shops and 
workplaces) do not have much impact on the allocation of in-home 
household tasks and activities (Ettema and van der Lippe, 2009; 
Schwanen et al., 2007). Regarding household vehicles, the workplace 
built environment plays a key role in explaining car allocation within a 
household (Arrow 1b). In dual-earner households with only one vehicle 
for example, Maat and Timmermans (2009) found that the partner with 
the longest commute distance and the lowest work location density2is 
usually allocated the car. Similar results were also found in Hu et al. 
(2022) with a focus on commute behavior in a small Chinese city, where 
partners within dual-earner households tended to commute by car if the 
workplace was located far from the city center. Moreover, residential 
location also influences car use among household members (Anggraini 
et al., 2012; Kroesen, 2015). Yang et al. (2019) found that in China, the 
residential built environment does not influence the car travel behavior 
of the household head (i.e., the head of a household as named in the 
household registration book), but does have an impact on car travel 
behavior of other household members. 

4.1.2. Discussion and research suggestions 
Regarding household-level decisions, the literature we reviewed 

mainly focused on the residential location decision; limited attention has 
been paid to the decisions regarding other locations, such as work and 
school locations, or household holiday destinations. As these location 
decisions may also involve intra-household interaction, more attention 
is required in future research. Many intra-household transport studies 
include work locations together with residential locations in the anal-
ysis, but in a format of commuter distances/times (i.e., travel distances/ 
times between residence and workplace) (e.g., Chidambaram and 
Scheiner, 2020; Clark et al., 2003; Deding et al., 2009; Guo et al., 2020; 
Hjorthol and Vågane, 2014; Jun and Kwon, 2015; Korsu, 2012; Lee 
et al., 2022; Mok, 2007; Picard et al., 2013; Plaut, 2006; Sermons and 

1 When we expanded the search strings to the abstract, title, and keywords, 
Scopus provided thousands of results. Hence, we kept the scope of search 
strings restricted to the title of the paper. 

2 Density refers to urban density, a composite of density regarding housing, 
jobs, and retail floor space. 
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Koppelman, 2001; Singell and Lillydahl, 1986; Sultana, 2005; Sur-
prenant-Legault et al., 2013; Wheatley, 2014); almost all found that 
female partners tend to commute shorter distances and times than male 
partners. However, except for a study by Jun and Kwon (2015), little is 
known about how different household members make decisions about 
the residential location and various work locations in coherence across 
geographical space. In particular, some low-income households may 

choose a location far from the workplace of one household member due 
to lower housing prices; this results in longer commute distances for that 
household member (Cassel et al., 2013; Zhao et al., 2020). In this situ-
ation, the other household member may choose to work closer to their 
residence to better organize various household maintenance activities. It 
is very interesting to explore how household member decisions on where 
to live and work are related to time use patterns, working status, wages, 

Fig. 1. Literature screening method.  

Fig. 2. A conceptual framework for dominant relationships between intra-household decisions, built environment, activity-travel behavior, and travel attitudes.  
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and workplace accessibility by different travel modes. 
In addition, Information and Communication Technology (ICT), 

especially telecommuting/telework, may relate to residential and work 
location choices. Working from home saves commuting time and costs, 
and is popular among residents who live far from their workplace (Kim 
et al., 2012; Mokhtarian et al., 2004). Because of the increased popu-
larity of teleworking fueled by the Covid-19 pandemic, some households 
may move further away from work. However residential choice depends 
on many factors, such as housing prices, neighborhood characteristics, 
and access to non-work destinations such as schools (Clark and Huang, 
2003; Van Ham and Clark, 2009). Consequently, the long-term effects of 
more teleworking on residential choice (and activity-travel patterns) are 
not thoroughly understood, and thus are an interesting avenue for future 
research. 

Also, car allocation among household members is not fixed and is 
associated with the travel needs and built environment at user desti-
nations. For instance, a non-frequent car user could occasionally use the 
household car if a place is not easily accessible by public transport or 
active travel modes. However, the flexibility of household car allocation 
has not been sufficiently analyzed. Based on the household car alloca-
tion pattern, household member car use can be classified into one of four 
types: (1) monomodal (a car is used for all trips); (2) multimodal 
(multiple travel modes are used but a car is the main travel mode); (3) 
occasional (a car is used occasionally for travel); and (4) non-car (a car is 
never used). It would be interesting to explore how the household car 
allocation pattern is related to the built environment around key activity 
locations. 

4.2. Relationship between intra-household decisions and activity-travel 
behavior 

Here, we reviewed papers that focused on how household members 
made decisions on task and car allocation, leading to different individual 
activity and travel behaviors (Arrow 2a). In turn, the household allo-
cation decision is influenced by household members’ preferred activity- 
travel patterns (Arrow 2b). 

4.2.1. Empirical evidence 
Obviously, car allocation influences one’s travel behavior (Arrow 

2a). How a car is allocated among household members has been widely 
investigated in previous studies (e.g., Roorda et al., 2009; Wen and 
Koppelman, 2000; Zhang et al., 2009). Many household studies have 
shown that, compared to male partners, female partners are less likely to 
use the car (Anggraini et al., 2008, 2012; Surprenant-Legault et al., 
2013). Nonetheless, Habib (2014) found that female partners drive to 
work more than male partners in one-car households where both part-
ners are licensed drivers. Also, the same socio-demographic attributes 
exert different impacts among different household members (Scheiner, 
2020; Scheiner and Holz-Rau, 2012a, 2012b). Using data from the 
German Mobility Panel, Scheiner and Holz-Rau (2012b) found that, in 
households where men and women hold higher levels of education, men 
are more likely to drive than women. In the same study, the presence of 
young children in the household increases women’s car use but de-
creases men’s; this may be because women are more likely to use a car 
for various childcare activities, which reduces car availability for men if 
a car is not always available for each driver within households. In 
addition, household members may travel together by car. Weiss and 
Habib (2020) found that car-deficient households are more likely to 
travel together than car-sufficient households. 

The relationship between task allocation and activity and travel 
patterns (Arrows 2a and 2b) is addressed in many studies (e.g., Bernardo 
et al., 2015; Golob and McNally, 1997; Kim and Parent, 2016; Kim et al., 
2015; Liu et al., 2018; Sarangi and Manoj, 2021; Scott and Kanaroglou, 
2002; Smart et al., 2017; Solá, 2016; Srinivasan and Athuru, 2005; 
Srinivasan and Bhat, 2005; Vovsha et al., 2004a, 2004b; Wang and Li, 
2009; Yao et al., 2017, 2020; Yoon and Goulias, 2010; Zhang and 

Fujiwara, 2006; Zhang et al., 2002; Zhang et al., 2005). Within a 
household, females tend to carry out more maintenance responsibilities 
than males (Cao and Chai, 2007; Srinivasan and Bhat, 2005). In addi-
tion, the socioeconomic attributes of household members (e.g., age, 
level of education, income, and presence of children) influence the 
allocation of household tasks and activities (Cao and Chai, 2007; 
Chakrabarti and Joh, 2019). In the Chinese context, some studies found 
that hiring domestic helpers (Wang and Li, 2009) or living with the 
wife’s mother (Feng et al., 2020) significantly changes the household 
task allocation pattern. 

Moreover, household members tend to schedule joint activities and 
trips (e.g., Bradley and Vovsha, 2005; Chu, 2022; Fujii et al., 1999; 
Gliebe and Koppelman, 2002, 2005; Gupta and Vovsha, 2013; Kalter and 
Geurs, 2016; Kang and Scott, 2011; Kato and Matsumoto, 2009; Lai 
et al., 2019; Liu et al., 2022; Lu et al., 2022; Mosa and Esawey, 2013; 
Srinivasan and Bhat, 2006, 2008; Vovsha et al., 2003), and these mainly 
include joint leisure activities and escorting children to school (Han 
et al., 2019; Hsu and Saphores, 2014; Vovsha and Petersen, 2005; Yar-
lagadda and Srinivasan, 2008). The existence of joint activities among 
household members complicates the trade-off between the different 
types of activities (e.g., household task allocation) (Arrow 2b). For 
instance, Ettema et al. (2007) found that in households, female partic-
ipation in leisure is negatively associated with males performing in- 
home tasks, as both partners probably tend to engage in joint leisure 
activities. In addition, joint activities increase the probability of sharing 
a car among household members (Ho and Mulley, 2013a, 2013b, 
2015a). 

4.2.2. Discussion and research suggestions 
Most of the literature on household task allocation processes focuses 

on the Western context with a smaller part on China; evidence from 
other parts of the world is still limited even though household allocation 
decisions may vary among geographies due to cultural contexts. Some 
comparative studies have looked at the impact of geographical context 
on activity-travel behavior (Buehler, 2011; Haustein and Nielsen, 2016; 
Timmermans et al., 2003), but the extent to which geographical context 
influences household task allocation remains unknown. More compar-
ative studies, including on non-Western countries, are required to 
further explore this. 

Even in the same context, household allocation decisions may 
change over time. Typical household allocation patterns today are 
different from several years ago (Altintas and Sullivan, 2016), due to 
changing gender roles over time (Frändberg and Vilhelmson, 2014; 
McDonald, 2015). Many studies have explored gender-based travel 
trends in various parts of the world (Crane and Takahashi, 2009; Hjor-
thol, 2008; Kuhnimhof et al., 2012a; Kuhnimhof et al., 2012b; Susilo 
et al., 2019), but these studies focused on changes in activity-travel 
patterns at the individual level. Only a few studies have explored 
changes in commute distances over time between household members in 
the US (Kwon and Akar, 2021) and the Netherlands (Rouwendal and 
Rietveld, 1994). Insight is lacking into how household allocation pat-
terns change and what factors (e.g., gender roles, environment, atti-
tudes, lifestyles, and technology) are significantly associated with such 
changes over time. In particular, the biggest change over time is tech-
nology, which dramatically impacts household allocation decisions 
regarding activity-travel patterns. For instance, ICT applications such as 
for online shopping, telecommuting, and food delivery apps, signifi-
cantly change individual activity-travel behavior with potential impli-
cations for task allocation patterns. Moreover, the occurrence of shared 
and fully autonomous vehicle use also enables a household member 
without car access to use a car, which may lead to re-scheduling activity- 
travel patterns. While knowledge regarding the impacts of innovative 
mobility technology on activity-travel patterns at the individual level 
has been summarized in recent studies (Milakis et al., 2017; Mouratidis 
et al., 2021), insights regarding this topic at the household level are still 
lacking, which requires more attention for future research. 
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4.3. Relationship between intra-household decisions and travel attitudes 

4.3.1. Empirical evidence 
In Ajzen’s theory of planned behavior, a household member per-

ceives others’ expectations and as a result may adjust their intentions 
and behavior accordingly (Ajzen, 1991). In this way, norms and atti-
tudes may be transferred from one household member to another 
(Arrow 3a). Using longitudinal data from the German Mobility Panel, 
Kroesen (2015) found that, after controlling for a series of individual and 
shared household characteristics, the travel patterns of one partner in a 
household influenced those of the other partner over time. This 
implicitly suggests that, over time, transferred social norms and atti-
tudes may play a significant role in influencing household members’ 
travel behavior. 

The theory of cognitive dissonance (Festinger, 1957) holds that 
people tend to reduce inconsistency between attitudes and behavior 
(Heider, 1982). When a mismatch occurs between attitudes and 
behavior, people tend to adjust their attitudes to align with their 
behavior. This means that attitudes are influenced by behavior. This 
could potentially take place through car allocation (Arrow 3b). For 
instance, a household member with non-preference for car use might 
develop positive attitudes towards traveling by car if they are allocated 
and use a car more frequently. However, empirical evidence regarding 
this is still lacking. 

In addition, the distribution of travel attitudes among household 
members may influence the allocation of household vehicles (Arrow 3c). 
The theory of planned behavior holds that an individual’s attitudes in-
fluence their intention to exhibit certain behaviors (Ajzen, 1991). As 
such, positive attitudes towards a certain travel mode might promote the 
choice of that mode (Beirão and Cabral, 2007; Heinen et al., 2011), 
which increases the probability of securing that travel mode in the 
household allocation decision. Guan and Wang (2019a) found that in a 
couple-household, the male partner’s share of travel time by car is 
positively affected by his positive attitudes towards driving, but nega-
tively impacted by his partner’s attitudes towards driving, which sug-
gests that the household car allocation pattern is related to the 
distribution of travel attitudes among household members. 

4.3.2. Discussion and research suggestions 
How one household member transfers their norms and influences the 

travel attitudes of other members may differ between households. It is 
possible that one household member could easily transfer their norms 
for sustainable travel so that other members gain positive attitudes to-
wards walking, cycling, and public transport, if no one has access to a 
car. By contrast, in a multiple-member household with only one car, it 
might be more difficult for household members without car access to 
persuade the frequent car user(s) to change their travel attitudes in favor 
of active travel modes. Future research could explore in which condi-
tions the transfer of norms could influence travel attitudes, and how this 
effect differs between households. 

Additionally, the relationship between travel attitudes and intra- 
household decisions has a bidirectional effect. However, it remains un-
known whether a change in household car allocation is triggered by a 
change in the distribution of travel attitudes among household members 
or vice versa, although both may occur simultaneously. Longitudinal 
research exploring the relationship between changes in the allocation of 
household tasks, activities, and vehicles as well as changes in the dis-
tribution of travel attitudes among household members could reveal 
interesting insights. 

4.4. Role of intra-household decisions: The relationship between the built 
environment and travel attitudes 

4.4.1. Role of intra-household decisions in the residential location decision 
in relation to travel attitudes 

Intra-household decisions influence the degree of residential self- 

selection and residential dissonance among different members within 
a household (Arrow 4a). As members of a household may have varying 
attitudes but share the same residential location, a neighborhood’s built 
environment may not always suit the travel tastes and preferences of 
each household member. It is possible that a residential location deci-
sion aligns with one partner’s attitudes (residential self-selection), but 
not the other, which makes the latter dissonant in terms of the built 
environment. Very little research has focused on the extent to which the 
residential location matches the travel tastes and preferences of various 
household members (e.g., Guan and Wang, 2019a; Guan and Wang, 
2019b). In Beijing, China, Guan and Wang (2019b) found that in dual- 
worker households, males’ travel attitudes played a larger role than 
those of females in residential location decisions, which indicates that 
males’ attitudes lead self-selection processes. In principle, there can be 
four types of “match” or “mismatch” between the residential built 
environment and partner attitudes, namely: (1) partner 1: consonant, 
partner 2: consonant; (2) partner 1: consonant, partner 2: dissonant; (3) 
partner 1: dissonant, partner 2: consonant; and (4) partner 1: dissonant, 
partner 2: dissonant. Based on our literature search, only two recent 
studies have explored the extent to which the residential location de-
cision is related to the travel attitudes of different household members 
(Gao et al., 2022; Janke, 2021). In Vienna, Austria, Janke (2021) found 
that female partners tend to be consonant more often than male partners 
if they reside in urban areas, while the reverse holds in suburban areas. 
Similar results were also in Gao et al. (2022), with a focus on the travel 
behavior of couples in the Netherlands. A few studies have explored the 
determinants of residential dissonance at the individual level (Kam-
ruzzaman et al., 2016; Schwanen and Mokhtarian, 2004), but little is 
known at the household level. Future research could explore what fac-
tors lead to the different distributions of consonance and dissonance 
between travel attitudes and residential location within a household. 

The extent to which the travel needs and preferences of various 
household members are prioritized in location decisions often focuses on 
residential location choice, while limited attention has been paid to 
other location decisions, such as work and school locations. This is 
mainly because residential location decisions are more relevant to each 
household member than other location decisions; decisions regarding 
work and school locations are especially relevant to the particular 
household member who works in those locations or is responsible for 
picking up or dropping off children at school. Nonetheless, households 
can self-select various locations beyond the residential location (Van 
Wee, 2009), which holds different implications for different household 
members. Among these, school location decisions require more atten-
tion. Specifically, some couples with school-age children may decide to 
live close to school. Such location decisions may meet and satisfy the 
travel needs and preferences of the household member who is respon-
sible for dropping off and picking up their children at school, but it may 
make other household members dissonant if the residential location 
choice conflicts with their travel needs and preferences. It could be 
interesting to explore how different household members set different 
priorities in various location decisions in terms of travel needs and 
preferences, and how this is related to activity-travel patterns. 

4.4.2. Role of intra-household decisions: The impact of the built 
environment on travel attitudes 

The residential built environment influences the travel attitudes of 
each household member and this influence is different for each member 
of a household (Arrow 4b). In the residential relocation process, if travel 
attitudes are not matched with the new residential location, people may 
adjust their attitudes to align the built environment and travel attitudes 
(De Vos et al., 2018). By contrast, people who choose the residential 
location based on their travel attitudes are less likely to experience a 
change in attitudes, even though they may occasionally update their 
attitudes based on their experiences in the new residential location. In 
the residential relocation process, different household members with 
different degrees of residential self-selection might experience different 
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levels of attitude adjustment, despite being faced with the same changes 
in the residential built environment. However, to the best of our 
knowledge, no empirical research has explored this issue. 

The change in attitudes makes the distribution of consonance and 
dissonance among household members after residential relocation 
different from when the residential decision was made. If we consider 
the match or mismatch between attitudes and the built environment at 
the time of residential location choice and after residential relocation, 
there will be 16 types of consonance and dissonance in a couple- 
household (four types3 during residential relocation multiplied by four 
types after). Changes in the allocation of household tasks, vehicles, and 
activities may also occur in this process. Future research could explore 
how the distribution of consonance and dissonance within a household 
changes over time after residential relocation, and what factors 
(including changes in household tasks, activities, and car use) lead to 
different distributions of consonance and dissonance during and after 
residential relocation. 

As people may adjust their travel attitudes, such dissonance between 
location and attitudes may not be lasting (De Vos et al., 2018; Kroesen 
et al., 2017). In particular, some relocated residents tended to adjust 
their travel attitudes in accordance with the new location within two 
years (De Vos et al., 2018; Wang and Lin, 2019). Insight is lacking into 
the role of other household members in travel attitude changes. Due to a 
partner’s influence within a household, an individual who is a residen-
tial dissonant might change attitudes quickly if their partner is a resi-
dential consonant. Future research could explore the effect of a partner’s 
attitude and level of consonance on attitude change. 

A change in the built environment without residential relocation can 
also lead to a change in attitudes—an issue that has received only 
limited attention. For instance, a newly constructed metro station near a 
residential location might attract more residents to metro travel with 
more commuters gradually coming to favor the use of public transport. 
This usually happens in developing countries in the context of rapid 
urbanization and the mass construction of transport infrastructure 
(Wang and Zhou, 2017). However, there has only been limited research 
on this, most of which explored the impact on travel behavior (Hu et al., 
2018). Future research could look into how a change in the built envi-
ronment influences travel attitudes, as well as how the impact differs 
among different household members. 

4.5. Role of intra-household decisions: The impact of the built 
environment on activity-travel behavior 

The impact of the residential built environment on travel behavior is 
different for household members with different degrees of residential 
self-selection (Arrow 5a). In particular, the residential built environment 
may promote the use of one travel mode over another if the attitude of a 
person aligns with the environment. This suggests that the built envi-
ronment may have a differing impact on travel behavior given one’s 
travel attitudes. Guan and Wang (2019a, 2019b) explored the impact of 
the built environment on travel behavior at the household level by 
considering the attitude-induced self-selection effect, but insight is 
lacking regarding heterogeneous behavioral responses to the built 
environment based on travel attitudes at the household level. 

Moreover, the impact of the built environment on travel behavior 
can also be moderated by the allocation of household tasks and activities 
(Arrow 5b). Built environment may exert a bigger impact on household 
members who have more out-of-home activities. However, findings may 
be different if the built environment is measured across different 
geographic scales, which is known as the Modifiable Areal Unit Problem 
(MAUP) (Fotheringham and Wong, 1991; Horner and Murray, 2002). 

Specifically, commuting trips are mainly influenced by the built envi-
ronment at the metropolitan scale rather than at the neighborhood scale, 
as they are more related to the distribution of residences and workplaces 
across cities. In contrast, the built environment at the neighborhood 
level is relatively more important for non-work trips such as trips to 
grocery stores, schools, and other activity locations, which are often 
selected within a neighborhood (Handy et al., 2002; Hong et al., 2014). 
If this issue is explored from a household perspective, the relationship 
between the built environment and travel behavior of each household 
member can differ across different geographic scales, due to the allo-
cation of household tasks and activities. In particular, the urban struc-
ture may play a larger role in explaining the commuting behavior of the 
household member who acts as the breadwinner and spends more time 
on work-related activities. In contrast, neighborhood characteristics 
may be more effective in explaining the (joint) non-work trips of 
household members. However, exploration of this topic at the household 
level is still lacking, and so requires more attention in future research. 

5. Concluding remarks 

An individual’s behavior is influenced by their spatial environment 
but also by their closest social network: the household. However, the 
impact of intra-household decisions on the relationship between the 
built environment and travel behavior has not been fully addressed. This 
review paper aims to narrow this gap by reviewing the literature based 
on an a priori conceptual framework. This framework contributes to 
understanding how intra-household decisions are related to activity- 
travel behavior, the built environment, and attitudes. This relation is 
through different dimensions of intra-household decision-making, 
namely: (1) the location decision; (2) transferring norms; and (3) the 
distribution of household tasks, activities, and travel modes. A series of 
issues such as (changes in) travel attitudes, residential self-selection, and 
residential dissonance were explored and discussed in this framework. 

By sorting through the literature, we found that most empirical 
research has focused on how members within a household jointly decide 
and distribute household activities and transportation resources (e.g., a 
car), and how these household allocation decisions are related to the 
built environments around residential and work locations. By contrast, 
limited attention has been paid to the role of travel attitudes; in fact, 
only four recent studies—two in Beijing, China (Guan and Wang, 2019a, 
2019b), one in the Netherlands (Gao et al., 2022), and one in Vienna, 
Austria (Janke, 2021)—have explored attitudes, induced self-selection 
and residential dissonance within a couple-household. Guan and Wang 
(2019a, 2019b) found that husbands tend to lead self-selection in resi-
dential location decisions, while findings from Janke (2021) and Gao 
et al. (2022) suggest that self-selection led by husbands or wives depends 
on where they live (e.g., urban or suburban areas). Such different results 
may be related to differences in the measurement of attitudes and the 
built environment as well as the specific travel and residential mobility 
culture and local lifestyles. Nonetheless, more attention should be paid 
to the impact of intra-household decisions on the relationship between 
the built environment and travel behavior. 

Based on the review of the empirical research, we summarize the 
following four knowledge gaps and propose avenues for future research:  

1) For locational choice and travel attitudes, most research has focused 
on residential locations while limited attention has been paid to 
other household-level location decisions which play a role in 
activity-travel behavior, such as decisions regarding work, school, 
and household holiday locations. As these location choices may also 
involve a trade-off in attitudes and preferences between household 
members, self-selection, and its implications for activity-travel 
behavior, may also occur differently among different household 
members, which requires more attention in future research.  

2) Attitudes may not always remain the same over time, especially 
during the residential relocation process. This could lead to a varied 

3 Four types of “match” or “mismatch” between the residential built envi-
ronment and partner attitudes within a couple-household are illustrated in 
Section 4.4.1 
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distribution of residential consonance and dissonance among 
household members during and after residential relocation. Insight 
regarding this issue is required in future research to explore the 
extent to which attitudes play a role in residential location decisions 
and travel behaviors. In particular, longitudinal data that capture the 
attitudes and behaviors of different members of a household during 
and after residential relocation over time are recommended as key to 
dealing with these issues.  

3) The location decision process, housing systems, household allocation 
patterns, and activity-travel behaviors differ in different cultural, 
geographical, and racial contexts, which may moderate the proposed 
links in Fig. 2. For instance, using data collected in Ganyu (China), 
Hu et al. (2022) found a limited occurrence of residential self- 
selection in the context of small Chinese cities. In the future, more 
comparative studies, including on non-Western countries, are 
required to explore the extent to which cultural, geographical, and 
racial identity influence residential location decisions and household 
task allocation.  

4) With changes in social and travel environments over time, household 
allocation patterns and activity-travel behaviors may also change, 
especially with the extensive use of ICT applications (e.g., ride- 
hailing, online shopping, and teleworking) and emerging autono-
mous vehicles. Future research could explore how current household 
allocation patterns and residential location decisions differ from 
those several decades ago, and how ICT applications and innovations 
in mobility technology play a role in this process. 

In terms of research methods, both qualitative and quantitative 

approaches are recommended.  

1) For qualitative research, we suggest methods such as interviews and 
focus group discussions within a household as they could provide 
overall insight into the causal relationship between attitudes, the 
built environment, household allocation patterns, and activity-travel 
behavior especially if viewed through a gendered lens. This is also 
beneficial for proposing theoretical arguments in new research areas, 
such as the role of ICT and (shared) autonomous vehicles in intra- 
household travel.  

2) For quantitative research, activity-travel surveys at the household 
level are highly recommended for data collection, where the infor-
mation of each household member should be collected. We addi-
tionally suggest longitudinal data to clarify the causal relationships 
between attitudes, built environment, intra-household decisions, and 
activity-travel behavior. Such data collection is recommended within 
a residential relocation process, where changes in both travel atti-
tudes and household allocation patterns tend to occur, in addition to 
changes in the built environment. In this situation, a multiple-wave 
household-level survey (i.e., before and after residential relocation) 
could be conducted to track the changes in life events at the house-
hold level, and in activity-travel patterns and travel-related attitudes 
at the individual level. It may be difficult to recruit people because 
researchers would have to identify and select people before they 
move. An alternative may be to add questions to existing panel 
studies; Table 2 suggests questions for such studies. Next, data need 
to be analyzed, often through modeling, with options being struc-
tural equation models, hybrid choice models, and latent class tran-
sition models. The preferred methodology depends on the specific 
research questions the researchers aim to answer. 
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Appendix 1 Relevant papers in intra-household transport research   

Author (Year) Region / city Country Intra-household decision focus Built environment (Residence/ 
Workplace / Trip destination) 

Arrows addressed 
in Fig. 2 

1 Anggraini et al. (2008) – Netherlands Car allocation Residence 2a 
2 Anggraini et al. (2012) – Netherlands Car allocation Residence 1b, 2a 

3 Bernardo et al. (2015) – USA Household task allocation 
Time use and activity generation 

– 2a,2b 

4 
Borgers and Timmermans 
(1993) – Netherlands Residential location choice Residence 1a 

5 
Bradley and Vovsha 
(2005) 

Atlanta USA Time use and activity generation – 2a, 2b 

(continued on next page) 

Table 2 
Questions recommended for a survey.  

Before residential relocation After residential relocation 

Household level   

• Household income  
• Number of children and their ages  
• Car ownership and allocation  
• Motivation for residential relocation (only asked before residential relocation)  
• Occurrence of life events (e.g., the birth of the child, marriage, or move-out of the 

child)  
• School location(s)  
• Responsibility for dropping children off and picking up from school 
Household member level   

• Socio-demographic attributes (e.g., age, gender, education degree working status, 
salary)  

• Attitudes towards various travel modes  
• Residential preferences (e.g., high-density neighborhood (apartment) versus low- 

density (house)  
• Work location  
• Commute mode choices, distances, and times  
• Time use in various activities during weekdays/weekends  
• Frequency of travel mode use to various destinations (e.g., work location, 

restaurant, or stores)  
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(continued )  

Author (Year) Region / city Country Intra-household decision focus Built environment (Residence/ 
Workplace / Trip destination) 

Arrows addressed 
in Fig. 2 

6 Cao and Chai (2007) Shenzhen China 
Household task allocation 
Time use and activity generation – 2a,2b 

7 
Chakrabarti and Joh 
(2019) California USA Car use/travel patterns Residence 1b, 2a 

8 Chidambaram and 
Scheiner (2020) 

– Germany Commute distance – 
2a 
Implicit: 1a 

9 Chu (2022) New York USA Time use and activity generation Residence, workplace, and commute 
route 

1b, 2a 

10 Clark et al. (2003) Seattle USA Commute time/distance – Implicit: 1a 
11 Deding et al. (2009) – Denmark Commute distance – Implicit: 1a 

12 
Ettema and van der Lippe 
(2009) – Netherlands 

Household task allocation 
Time use and activity generation Residence 1b, 2a, 2b 

13 Ettema et al. (2007) Amsterdam and 
Utrecht 

Netherlands Household task allocation 
Time use and activity generation 

Residence 1b, 2a, 2b 

14 Feng et al. (2020) Nanjing China Time use and activity generation Residence 1b 2a 2b 
15 Fujii et al. (1999) Osaka-Kobe Japan Time use and activity generation – 2a, 2b 

16 Gao et al. (2022)* – Netherlands Car use/travel patterns Residence 
4a, 1b, 2a, 
Implicit: 3c 

17 
Gliebe and Koppelman 
(2002) Puget Sound USA Time use and activity generation – 2a, 2b 

18 Gliebe and Koppelman 
(2005) 

Puget Sound USA Activity participation and travel 
patterns 

– 2a,2b 

19 Golob and McNally 
(1997) 

Portland USA Time use and activity generation – 2a 2b 

20 Guan and Wang (2019a)* Beijing China Car use/travel patterns Residence and workplace 
4a, 1b, 2a, 
Implicit: 3c 

21 Guan and Wang (2019b)* Beijing China 
Car use/travel patterns 
Residential location choice 

Residence 
4a, 1b, 2a, 
Implicit: 3c 

22 Guo et al. (2020) Shenyang China Commute time – Implicit:1a 
23 Gupta and Vovsha (2013) San Francisco USA Time use and activity generation – 2a,2b 

24 Habib (2014) Toronto and 
Hamilton 

Canada Car allocation/mode choice Residence and workplace Implicit: 1b, 
2a 

25 Han et al. (2019) – Netherlands 
Escorting children to school and 
activity generation – 2a,2b 

26 
Hjorthol and Vågane 
(2014) 

– Norway 
Household task allocation, Commute 
distance 

Residence 
2a, 2b 
Implicit: 1a, 1b 

27 Ho and Mulley (2013a) Sydney Australia Time use and activity generation – 2a, 2b 

28 Ho and Mulley (2013b) Sydney Australia Car use/travel patterns 
Time use and activity generation 

– 2a, 2b 

29 Ho and Mulley (2015a) Sydney Australia 
Car allocation/mode choice 
Time use and activity generation Residence and trip destination 1b, 2a, 2b 

30 
Hsu and Saphores 
(2014)* California USA 

Escorting children to school and 
activity generation Residence 2a 

31 Hu et al. (2022)* Ganyu China Travel mode choice Residence and workplace 1b, 2a 

32 Janke (2021)* Vienna Austria Travel mode choice Residence 4a, 1b, 2a 
Implicit: 3c 

33 Jun and Kwon (2015) Seoul Korea 
Residential location choice 
Commute distance 
Time use and activity generation 

Residence and workplace 1a, 2a, 2b 

34 Kalter and Geurs (2016)* – Netherlands Car use – 2a 
35 Kang and Scott (2011) Toronto Canada Time use and activity generation – 2a, 2b 

36 Kato and Matsumoto 
(2009) 

Tokyo and Toyama Japan Time use and activity generation – 2a, 2b 

37 Kim and Parent (2016) Cincinnati USA Car use/travel patterns Residence 2a, 2b 
38 Kim et al. (2015) Seoul Korea Travel patterns Residence 2a, 2b 
39 Korsu (2012) Paris France Commute distance – Implicit: 1a 

40 Kroesen (2015) – Germany Car use/travel patterns Residence 
Implicit: 3a, 
1b, 2a 

41 Kwon and Akar (2021) – USA Commute distance Residence Implicit: 1a 
42 Lai et al. (2019) Hong Kong China Time use and activity generation Residence 2a,2b 
43 Lee et al. (2022) – USA Commute time – Implicit: 1a 
44 Liu et al. (2018) Bandung Indonesia Time use and activity generation Residence 1b, 2a 

45 Liu et al. (2022) Beijing China 
Travel mode choice and travel 
distances Residence and workplace 2a 

46 Lu et al. (2022) Brisbane Australia Travel mode choice Residence 2a 

47 
Maat and Timmermans 
(2009) 

Randstad region Netherlands Car allocation/mode choice Residence and workplace 1b, 2a 

48 Mok (2007) Toronto Canada Commute distance – Implicit: 1a 

49 Picard et al. (2013) Paris France Commute time/distance 
Travel mode choice 

– 
2a 
Implicit: 1a 

50 Plaut (2006) – USA Commute time/distance Residence Implicit: 1a 
51 Roorda et al. (2009) Toronto Canada Car transaction and allocation Residence 2a 

52 
Rouwendal and Rietveld 
(1994) – Netherlands Commute distance – Implicit: 1a 

53 Bhubaneswar India Time use and activity generation – 2a 2b 
(continued on next page) 
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(continued )  

Author (Year) Region / city Country Intra-household decision focus Built environment (Residence/ 
Workplace / Trip destination) 

Arrows addressed 
in Fig. 2 

Sarangi and Manoj 
(2021) 

54 Scheiner (2020) – Germany 
Car use 
Time use and activity generation – 2a, 2b 

55 Scheiner and Holz-Rau 
(2012a) 

– Germany Car use Residence 2a 

56 Scheiner and Holz-Rau 
(2012b) 

– Germany Car use Residence 2a 

57 Schwanen et al. (2007) 
Amsterdam and 
Utrecht Netherlands 

Household task allocation 
Time use and activity generation Residence 1b, 2a, 2b 

58 
Scott and Kanaroglou 
(2002) Toronto Canada Time use ad activity generation – 2a, 2b 

59 Sermons and Koppelman 
(2001) 

San Francisco USA Commute time – Implicit: 1a 

60 Singell and Lillydahl 
(1986) 

– USA Commute time – Implicit: 1a 

61 Smart et al. (2017) – USA 
Household task allocation 
Time use and activity generation – 2a,2b 

62 Solá (2016) Gothenburg Sweden 
Car use/travel patterns 
Time use and activity generation – 2a, 2b 

63 Srinivasan and Athuru 
(2005) 

San Francisco USA Household task allocation Time use 
and activity generation 

– 2a 

64 Srinivasan and Bhat 
(2005) 

San Francisco USA Household task allocation 
Time use and activity generation 

– 2a, 2b 

65 
Srinivasan and Bhat 
(2006) 

San Francisco Bay 
Area USA Time use ad activity generation Residence 1b, 2a,2b 

66 
Srinivasan and Bhat 
(2008) 

– USA Time use ad activity generation – 2a, 2b 

67 Sultana (2005) Atlanta USA Commute distance/time Residence and workplace Implicit: 1a 

68 Surprenant-Legault et al. 
(2013) 

Montreal Canada Commute distance Residence and workplace Implicit: 1a 

69 Timmermans et al. (1992) Tilburg Netherlands Residential location choice Residence 1a 

70 
Vovsha and Petersen 
(2005) Atlanta USA 

Escorting children to school and 
activity generation Residence 2a,2b 

71 Vovsha et al. (2003) Mid-Ohio USA 
Activity participation and travel 
patterns 

Residence 2a,2b,1b 

72 Vovsha et al. (2004a) Mid-Ohio USA Activity participation and travel 
patterns 

Residence 2a,2b,1b 

73 Vovsha et al. (2004b) Mid-Ohio USA Time use ad activity generation Residence 2a,2b,1b 

74 Wang and Li (2009) Hong Kong China 
Household task allocation 
Time use – 2a,2b 

75 Weiss and Habib (2020) 
Toronto and 
Hamilton Canada Car use/travel patterns – 2a 

76 Wen and Koppelman 
(2000) 

Portland USA Activity participation and travel 
patterns 

– 2a, 2b 

77 Wheatley (2014) – UK Time use and activity generation 
Commute time 

– 
2a, 2b 
Implicit: 1a 

78 Yang et al. (2019)* Nanjing China Car use/travel patterns Residence 1b, 2a 

79 Yao et al. (2017) Beijing China 
Time use and activity generation 
Car use/travel patterns – 2a,2b 

80 Yao et al. (2020) Beijing China 
Time use and activity generation 
Travel distance 

– 2a, 2b 

81 Yarlagadda and 
Srinivasan (2008) 

San Francisco Bay 
Area 

USA Time use ad activity generation Residence 2a, 2b, 1b 

82 Yoon and Goulias (2010) California USA Time use ad activity generation Residence 2a, 2b, 1b 

83 
Zhang and Fujiwara 
(2006) Kakeya and Akayi Japan Time use ad activity generation – 2a, 2b 

84 
Zhang and Fujiwara 
(2009) 

Hiroshima Japan Residential location choice Residence 1a 

85 Zhang et al. (2002) Rotterdam Netherlands Time use ad activity generation – 2a, 2b 

86 Zhang et al. (2005) South Rotterdam 
Region 

Netherlands Household task allocation 
Time use and activity generation 

– 2a, 2b 

87 Zhang et al. (2009) Hiroshima Japan Car use – 2a 

Built environment refers to the general built environment such as urban and suburban/rural areas, or city size, and specific built environment factors such as density, 
diversity, design, destination accessibility and distance to transit in terms of land use and road facilities. 
“-” in the “Region / city” column refers to surveys that used national-level data or did not report the city/region for data collection. 

* Refers to studies that explicitly included travel-related attitudes. 

Empirical studies with both arrows “2a, 2b" addressed in the conceptual framework mainly explored the allocation of household tasks and ac-
tivities; in these cases, the household allocation decision is implicitly influenced by the preferred activity-travel patterns of household members. 
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