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Abstract

Societies are becoming more car-oriented, and this pattern has affected the mobility of
children and adolescents worldwide. In this regard, the importance of independent mobility has
been highlighted as a critical factor in bringing benefits to children/caregivers and the environment.
In many western countries, there have been tremendous efforts from researchers and practitioners
of a wide range of disciplines to promote active school travel by enforcing policies and taking
initiatives to change the prevailing pattern of escorted car trips. Although the cultural context plays
a pivotal role in the success rate of such policies, Japan is among a handful of countries that have
triumphantly passed this phase, evidenced by the high rate of active school travel (over 80%)
among elementary and secondary school students nationwide.

Aiming to resolve the issue of school trips and physical health may have deviated the
researchers’ minds from taking a comprehensive look at the mobility of children and adolescents.
Non-school trips are an understudied area of research in children’s and adolescents’ travel
behavior, which have been brought to the attention of a few experts under the term of active leisure
trips. Although children at the elementary school level are usually not public transport users, and
their mobility is limited to active and escorted trips, the existing literature mainly fails to recognize
the importance of public transport for adolescents’ mobility. Early adolescence, in particular, is
when children start using public transport. This service is more critical for young adolescents living
in suburbs and rural areas since, due to the burdens of the environment, active modes cannot solely
accommodate young adolescents’ mobility/accessibility needs. Also, there is limited evidence of
the effect of different factors on mode choice for non-school trips among the mentioned group.

Based on the points mentioned above, this study intends to address the gaps in the literature
by delving deep into the nature of non-school trips among young adolescents (12-15) in the context
of three case studies in Japan (one suburb and two rural areas). The socio-ecological approach was
applied as the theoretical basis of this study to explore the multi-level factors involved in choosing
different means of transport. This approach represents a robust background in investigating the
impacts of the different levels (individual, family, the natural/physical built environment, policy)
on young adolescents’ travel behavior. The critical value of taking children as agents in their
mobility, especially in the transition phase of early adolescence, burdens of the natural/physical
environment in rural areas, and the lack of a holistic view about the nature of young adolescents’
non-school trips and the influential underlying predictors of mode choice, have inspired the
researcher to undertake this study.

Qualitative and quantitative research approaches were applied to fulfill the purpose of this
study. Firstly, exploratory interviews were conducted in two towns to gain a preliminary
perspective on young adolescents’ mobility in the case studies. The results of this phase were later
reflected in designing the questionnaires and travel diaries. Four hundred and eighty-seven
adolescents and their caregivers in three small towns (suburban, coastal, and mountainous contexts)
participated in the quantitative survey by filling out questionnaires. Young adolescents also
reported 2131 non-school trips in the travel diaries in all the case studies. Apart from the descriptive
statistics, the data were analyzed using McFadden’s discrete choice modeling (conditional logit)
for each case study. A general model was also developed by including the data of all three towns.
In addition to the exponentiated coefficients, margins were calculated for the choice models to
understand and interpret the results more intuitively applicable to policymaking.

The researcher found that young adolescents’ independent mobility (a solo trip or in the
company of friends/siblings) translates to walking/cycling and public transport trips in the case
studies. However, private cars are the most common means of transport for young adolescents’
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non-school travel, with around 50% and 70% share in the suburb and rural settings. The results of
the logit models and the predictive margins revealed relatively different patterns in the three case
studies, highlighting the role of the natural/physical environment in young adolescents’ non-school
mobility. In the individual models, socio-demographic characteristics (such as adolescents’ age,
caregiver’s age/occupation and number of children per household, etc.) were more influential in
selecting walking/cycling or public transport over the car, followed by the moderate effect of the
perceived consent about independent mobility range and psychological variables such as self-
efficacy and social support (received from caregivers and friends). Higher neighborhood safety was
only found effective in elevating the odds of active non-school travel against escorted car trips in
one of the rural areas. The findings of the general model were pretty much the combination of the
separate models’ results. Apart from the independent mobility variables (insignificant in the general
model), the same influence degree pattern seen in the separate models was observed in the general
model. Also, mode-specific perceived benefits and friends’ social modeling were exclusively found
effective in the estimation of mode choice in the general model.

In one of the rural areas, there was a mismatch between students’ perceptions and their
caregivers’ image of the independent mobility distance range. Surprisingly, the effect of caregivers’
opinions on their children’s mode choice was counterintuitive, which reflects a lack of
consciousness toward the independent mobility of young adolescents among families. Also, young
adolescents used the consent for cycling on main roads differently in the suburb compared to rural
areas, which was interpretable based on the different attributes of non-school travel, such as trip
distance observed in these contexts. For instance, the complementary link of cycling trips and
public transport was observed in the suburb (more similar to urban areas). In contrast, trips had a
distinctive nature in the rural areas, and cycling could be used as the main/only mode of transport.

In conclusion, the results lead to a better understanding of young adolescents’ non-school
travels and the determinants of independent mobility among them in each context. The findings
also emphasize the significant influence of caregivers/households and friends on the use of different
modes for realizing non-school travel in the mentioned age range. Town-specific and general
proposed policies can be reflected in each setting, benefiting individuals (the young adolescents
and their caregivers) and towns by promoting more environmentally-friendly modes of transport
and altering the households’ mobility behavior in the long run.

Raising awareness regarding the significance of independent mobility among young
adolescents and elevating the perceived capability for traveling independently by incentivizing fun
joint trips with parents/grandparents, particularly for girls who seem to have more car-prone
tendencies, is one of the suggestions. Additionally, developing trip planning apps for young
adolescents could make non-school trip making easier (specifically independent travel). Besides
building a network with friends who have similar hobbies, such apps can also be used to share
virtual travel diaries among the same group to promote independent mobility. These virtual
platforms can also become a source of collecting detailed longitudinal data on children’s travel for
experts. Building a continuous partnership with young adolescents could also be very helpful in
appraising their mobility needs and views. Other initiatives such as providing public transport
tickets for specific household types (e.g., younger families or those with multiple children) could
also be considered. Overall, policy implications should be implemented at the level of young
adolescents/families considering the characteristics of the physical/natural environments.

Keywords: Young Adolescents, Independent Mobility, Walking/Cycling & Public Transport,
Non-School Trips, Rural Areas and Suburbia, Japan, Socio-Ecological Approach, McFadden’s
Discrete Choice Model, Conditional Logit
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Chapter 1: Introduction



1.1 Introduction

This chapter’s beginning is dedicated to a summary of the literature and the gaps that led
the researcher to undertake the current research, followed by the study’s problem statement
and scope. Then, research objectives and questions will be presented for addressing the
mentioned issues and gaps. Last but not least, the significance and novelty of this study will be
highlighted. At the end of the chapter, the dissertation structure is briefly explained and
presented in the shape of a flow chart for further reference.

1.2 Background

It is broadly recognized that “transport” needs to become more sustainable around the
world. Although “transport” includes both movements of people and goods, this study focuses
only on people’s travel. Even though there is a growing body of literature on “sustainable
transport,” the focus of the topic has mainly been on adults. However, children and youth also
utilize transport to accommodate their “mobility” and “accessibility” needs for education,
leisure, and employment. Nevertheless, transport planners mostly overlook children because
of their age, physical size, dependence on others for moving around, etc. One evidence of such
negligence is that the children’s travel behavior data is hard to locate for developed or
developing countries (McMillan, 2013). Encouraging sustainable modes of transport among
children requires understanding children’s needs and the constraints they face in their everyday
mobility (Khaleghi et al., 2021). In the “convention on the rights of the child” (United Nations,
1989), recognition of children’s needs has clearly been stated, which could be one of the
reinforcements of developing more inclusive transport by considering vulnerable groups such
as children. Such notions can also help achieve SDG targets such as item 11.2, “affordable and
sustainable transport systems” of SDG 11, “sustainable cities and communities.”

Studying children’s travel behavior is associated with complexities. On the one hand,
there are many varieties associated with different stages of childhood and adolescence (Stark,
2019). On the other hand, children’s travel is usually faced with more burdens from the
ecological contexts surrounding the transport system due to the specific characteristics of
children. Over the past years, economic growth has led to a high rate of private motorized
vehicle ownership in many parts of the world (Pucher et al., 2007) and consequently affected
children’s mobility. In many developed countries, attention was drawn to school trips since a
considerable mode shift was witnessed over time, from active trips on foot or with the bicycle
to escorted trips in private cars. This over-reliance on cars for children’s mobility has
negatively affected children’s physical (more car trips lead to less physical activity) and mental
health (more escorted trips translates to fewer opportunities for social engagement while on the
move). Independent mobility, which is positively associated with enhancing children’s spatial
knowledge and self-esteem (Brown et al., 2008; Villanueva et al., 2014; Waygood et al., 2019)
and makes children more skillful in decision-making related to their daily travels (McMillan,
2013) has also been hindered by the car-dependent pattern.

The repetitive and consistent nature of the school trips makes them a more predictable
target for intervention. Many studies have investigated school trips to promote the active means
of transport among children (Carlson et al., 2014; Fyhri et al., 2011), while others focused both
on the positive outcomes for children and the environment (Simons et al., 2013; Zwerts et al.,
2010). Although successful policies have been implemented based on such research, the multi-
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faceted problem is not yet fully addressed. Spatial and social burdens arising from the
prevailing mobility behavior inhibit children’s active travel and independent mobility. Traffic
safety, long commuting distance, lack of sufficient social surveillance, and above all, the
convenience of the private car are among the reasons that are usually preventing parents from
allowing children to actively commute to school (Aranda-Balboa et al., 2020; Mcdonald,
2007).

Since children’s travel behavior is shaping/taking place in a complex system of
distinctive surrounding environments, some researchers such as Ikeda et al. (2019) or Mitra
(2013) highlighted the importance of system thinking by employing the socio-ecological model
(Bronfenbrenner, 1977). A socio-ecological model portrays the interplay of different
influencing factors on behavior, from the child’s level, family, and school to social, cultural,
and environmental contexts and eventually policy setting. Mitra (2013) has developed a
framework for children’s school travel mode choice based on the above-mentioned model.
“Distance” and parental perception regarding “neighborhood safety” are among the repeatedly
mentioned environmental determinants of children’s independent school travel under the age
of 15 (Broberg & Sarjala, 2015; Buliung et al., 2017; Fyhri & Hjorthol, 2009; Lam & Loo,
2014, 2014; Villanueva et al., 2014). In another study, “parental support frequency” was
significantly related to children’s active school trips (Mah et al., 2017). Children’s attitudes
toward different means of transport also affected the mode choice in school trips (Stark et al.,
2019). In summary, distinctive factors from multiple levels seem to influence children’s travel
behavior in school travel. Although the existing literature mainly focuses on school trips, it
provides a rich foundation for researching other types of daily travel.

Promotion of active modes of transport represents one view regarding children’s travel
behavior, particularly on school trips when the commuting distance in urban areas is relatively
short (for elementary and junior high schoolers). Non-school trips, less investigated though,
are also an essential part of children’s mobility, representing a more diverse context against the
school trips. For instance, in contrast to the constant distance of a school journey, non-school
trips can represent a variety of trip distances (relatively longer). In a study on Austrian and
German children (average age of 13), Stark et al. (2018) found that as the distance increases,
children are more likely to use public transport for their school trips and the car for their non-
school trips. Fyhri et al. (2011) revealed a similar pattern in children’s increasing use of private
cars for leisure activities, translating to less independent trips. Also, Japanese children and
adolescents’ use of the private motorized modes increases tremendously during weekends
(Ministry of Land, Infrastructure, Transport, and Tourism (MLIT), 2015), which is a sign of
more escorted travel for the non-school trips of children and adolescents. Unfortunately, even
the general information on children’s non-school trips is scarce.

Children’s ‘“age” as a sign of cognitive and physical development is significantly
associated with certain types of mobility patterns (Stark, 2019). Since using public transport is
more complicated than walking/cycling, children’s use of public transport usually starts in later
stages (from secondary school onwards). However, children’s needs vary in different stages of
their development, and public transport use is critical for older children in accommodating their
needs. A comparative study on the elementary school students (10-11) in Canada, Sweden, and
Japan showed that active traveling brings more social inclusion for this age group (Waygood
etal., 2017). In contrast, a study in London revealed that the concept of active traveling should
be redefined since a bus trip contributes both to physical activity and social experience for
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adolescents of 12 to 18 years old (Jones et al., 2012). However, the data on children’s use of
public transport is also hard to find even in urban areas (McMillan, 2013), where public
transport is more frequent and easier to access.

1.3 Problem Statement

Most Japanese elementary and junior high school students actively travel to and from
school (Drianda & Kinoshita, 2011). Although the share of active school travel decreases in
rural areas of Japan (replaced by school buses), the significant issues associated with school
trips in other parts of the developed world seem to be already resolved in Japan. Children’s
non-school travel has received less attention in the existing literature, especially in rural areas.
Rural environments restrict children’s mobility differently than urban areas. Several burdens
of the built environment, such as limited access to educational/recreational/employment
facilities, and the relatively unfriendly environment for walking/cycling, along with
inconveniences of public transport service, have led to the predominant pattern of car-
dependent households.

Considering the burdens of the physical environments of rural areas on the mobility of
children, the influence of different levels (from children’s perceptions about the environment
and transport modes to the influence of social/environmental settings on children’s daily travel
(excluding school trips) and mode choice is unclear. To the best of our knowledge, the extent
of public transport use among children for their non-school travels in the rural areas is also
scarcely studied.

Whether for improving independent mobility or bringing positive outcomes for the
environment, there is a lack of research in appraising children’s travel behavior and its
influential underlying determinants for their non-school trips, particularly in small towns and
rural areas where the built environment poses more burdens on children’s sustainable and
independent mobility. Collecting the data on the use of public transport by children in such
contexts is also critical since active modes of transport cannot thoroughly accommodate
children’s mobility needs, especially independent mobility. Such data can also help
policymakers improve and maintain the public transport service for non-drivers such as
children. Moreover, the promotion of public transport can contribute to children’s well-being
by providing mobility and accessibility (Khaleghi & Kato, 2020).

1.4 Scope of the Study

Since younger children usually do not use public transport independently, this research
focuses on adolescents to get a more comprehensive outlook on utilizing different mode
options, including active modes, public transport, and the private car for non-school travels.
According to Stark et al. (2018), the study of early stages of adolescence is more vital since in
this phase, children transition to become more independently mobile. Hence, young
adolescents enrolling in junior high schools (12-15 years old) of small towns and rural areas in
Japan were selected as the target audience of this study. Moreover, this study treats children
and adolescents as social agents of their age and gender and not future adults, an important
point already mentioned by Barker et al. (2009). Both caregivers’ and young adolescents’
points of view are also considered to gain a better perspective on the child-adult relation and
its effects on young adolescents’ travel behavior for non-school trips.
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1.5 Purpose of the Study

According to the problem statement, this research aims to address the knowledge gap by
investigating the prevailing patterns in children’s non-school travel in small towns and rural
areas to identify the influential criteria in promoting independent and sustainable mobility from
a socio-ecological point of view. The results can provide solid evidence for policymakers
seeking the promotion of sustainable transport, especially for children and adolescents in rural
areas and suburbia.

1.6 Research Questions

This study concentrates on the following questions for understanding the nature of non-
school trips in small towns and rural areas leading to selecting a specific mode of transport to
appraise the influential criteria for increasing the use of active modes and public transport in
non-school travels. The primary research questions and their sub-questions are as follows:

Question 1: What are the prevailing patterns in junior high school students’ non-
school travel in small towns and rural areas?

e Where do junior high school students go on weekdays and weekends, and what
are their trip purposes?

e What modes of transport do they use for their non-school trips?

e What are the patterns of companionship in young adolescents’ non-school trips?

e Do the characteristics of the living environments (such as geographical contexts,
size) make a difference in junior high school students’ non-school travel?

Question 2: How do the characteristics of young adolescents, their households, and
the factors linked with the social/physical living environments influence young
adolescents’ mode choice for non-school trips in the rural and suburban areas?

e What are the most influential factors on the independent trips of young
adolescents?

e How is the independent mobility perception related to the realization of
independent mobility? Any differences between young adolescents’ perception
and their caregivers’?

e Is young adolescents’ mode choice for their non-school travel associated with
psychological variables such as mode-specific attitudes, self-efficacy, or social
modeling/norm/support of their significant others (caregivers and friends)?

e Are there any discrepancies between young adolescents’ and their caregivers’
perceptions about each other’s mode use (independent mobility, modeling, etc.)?

e How and to what extent do socio-demographic characteristics affect young
adolescents’ mode choice for non-school trips?

e Do the built environment criteria, such as safety or walking/cycling-friendliness,
affect young adolescents’ mode choice?

e Do distinctive geographical settings differ in terms of factors influencing young
adolescents’ non-school trips?

Question 3: How can understanding young adolescents’ non-school travels provide
insights for the policymakers to promote independent/more sustainable traveling?

e What is the magnitude of the impacts on young adolescents’ mode choice?
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e How can the results be reflected in policy and planning to promote
walking/cycling and public transport among young adolescents?

1.7 Significance and Novelty

Transport systems are the main arteries of the living environments in today’s world,
which connect us and enhance our opportunities for thriving. Although the movement has
become relatively more straightforward by using private vehicles, car ownership has imposed
burdens on the social/physical and natural environments. Children’s travel is mainly under the
impact of their surrounding systems. The current patterns in adults’ travel behavior proved to
affect children’s active and independent travel negatively. It is critical to recognize the
importance of studying children’s travel behavior and paying attention to children’s mobility
needs to counter the current situation. It is noteworthy that researching children as sensitive
subjects with relatively more limited abilities (compared to adults) is often more complex and
challenging. However, this cannot justify negligence in children’s travel behavior studies.

The existing literature covers the topic of active trips for school travel reasonably well.
However, to the best of our knowledge, few studies have explored the scope of other types of
trips such as leisure with a limited number of participants and sometimes only from caregivers’
perspective. There is even less research on children’s use of public transport, especially for
their non-school trips. Also, the independent mobility definition has been limited to the use of
active modes of transport among children and the youth (Marzi et al., 2018). Although the
importance of public transport trips in independent travel has been recognized (Jones et al.,
2012), such trips have rarely been included in the study of children’s independent mobility.
Also, comprehensive research on the multiple influencing factors on mode choice for non-
school trips on an audience of 12-15 from a socio-ecological perspective has never been
undertaken before. Additionally, one of the unique characters of this study is including
different geographical contexts in the category of rural and suburban areas for comparison.
Last but not least, the scale of the quantitative survey is impressive because all the junior high
schools in the three towns agreed to cooperate in this study, and the response rates were
remarkable.

The study results are interpreted to find the relationship between the influential factors
and mode choice and the magnitude of the causal effects. This research outcome has already
been presented in two case studies for its possible use in town’s mobility management plans,
proving the significance of such studies for transport providers, governors, and planners.

1.8 Structure of the Dissertation

Fig. 1.1 displays the structure of this dissertation. In chapter 2, the researcher will delve
into the existing literature by elaborating the methodological background for studying the
mobility of children and adolescents and the influential factors on their mode choice for school
and non-school travel. Chapter 3 is dedicated to covering all the topics associated with the
methodology of this research. In chapter 4, firstly, the author will present the descriptive
statistics of the samples in each town. Secondly, the results of the choice models for each of
the case studies will be explained. Chapter 5 is the interpretation of the results, followed by
suggestions for inclusion in the policy settings. Finally, in Chapter 6, the conclusion is
presented with some remarks for future studies. The final chapter is followed by the
acknowledgments, a list of references, and the other supporting documents in the appendices.
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Chapter 2: Literature Review



2.1 Introduction

Since the study of children’s travel behavior has started as an extension of adults’ travel
behavior research, it is critical to look into both groups’ theoretical approaches to understand
the topic thoroughly and distinguish the gaps and potentials. Hence, a summary of the applied
theories in studying the travel behavior of children and adults is explained firstly, considering
their strengths and shortcomings. Given that this research targets “early adolescence”, a period
between childhood and youth, understanding young adolescents’ travel behavior depends on
investigating the mobility patterns of children and youth. Considering the scarcity of research
on non-school travels, the researcher will discuss the determinants of the mode choice for
school trips and non-school trips for children and young people afterward. Next, some remarks
will be provided on the mobility of children and youth in Japan. In the conclusion of this
chapter, the gaps in the existing literature will be pointed out, and the important studies and
theories will be distinguished. Finally, a conceptual framework for studying mode choice for
young adolescents’ non-school trips will be presented.

2.2 Children’s & Youth’s Travel, an Interdisciplinary Field

2.2.1 Promoting Active Travel or Independent Mobility?

In many countries, children’s mobility has been brought into the spotlight due to the
prevalence of escorted trips which has limited children’s physical activity and independent
mobility and led to more traffic congestion and environmental issues (Mitra, 2013). Although
children and adults are different in many aspects of daily travel, many of the concerning issues
remain the same for both groups. Hence, adults’ travel behavior theories and concepts have
been adopted and used for children. In studying children’s travel behavior, it is vital to
understand the child-adult power relations since the decision processes behind a child’s travel
are usually affected by caregivers (Barker et al., 2009). For instance, children’s active travel
to/from school depends on the level of children’s independent mobility and their caregivers’
availability for providing escorted trips (Copperman & Bhat, 2010; McDonald, 2008).

Children’s travel can be classified into two main categories of 1) school trips and 2) non-
school trips. There is an emerging body of literature regarding school travel, especially in
western countries focused on promoting active and independent school travel. Although non-
school trips include a broader range of purposes, the emphasis has mainly been on leisure trips.
In the few studies on children’s and adolescents’ leisure activities, enhancement of physical
activity and reduction of escorted car trips have remained the research objectives, and usually,
public transport trips have not been incorporated in the scope of such studies. However,
previous research pointed out that public transport should not be regarded as passive transport
since such trips are usually complemented with active travel and promote independent mobility
and social inclusion (Jones et al., 2012; Verhoeven et al., 2016).

Since school travel research is much further developed than other types of children’s
travel, they provide an excellent opportunity for extending the theoretical and empirical
findings to the scope of non-school trips. Travel, particularly children’s travel, is an
interdisciplinary field of study. Many researchers in the fields of 1) transport and urban
planning, 2) physical activity and public health, and 3) environmental psychology tried to
unfold the matter and contribute to effective policymaking and interventions. These disciplines
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have distinctive approaches to “mobility” and “children” derived from different underlying
theories and objectives. A brief review of these approaches follows, drawing on previous travel
studies of adults and children.

2.2.2 Theoretical Background in Children’s Travel Studies

2.2.2.1 Economic Approach

“Transport and urban planning” disciplines have usually relied on the “consumer choice
theory” and its economic foundation for quantitatively modeling travel behavior. In such
models, it is assumed that selecting a specific travel mode is a rational choice based on the
maximization of utility (benefit) (McFadden, 1974). “Trip chaining” is another related concept
highlighting the desire of individuals to maximize the utility by minimizing the number of
travels and incorporating many activities in one trip. Hensher & Reyes (2000) found that trip
chaining could result in more car trips and fewer public transport trips among adults. Also, in
a study on American families, McGuckin & Nakamoto (2005) found that in a household with
two adults and children aged 6-15, women trip chain considerably more than men (over 35%
of women and over 20% of men). Apart from including the trip features, the effects of the built-
environment attributes such as density, land use mix, and design (Cervero & Kockelman, 1997)
have been examined on adults’ active travel (Cervero, 2002; Krizek, 2003).

2.2.2.2 Psychological Approach

“Theory of planned behavior” (TPB) is the primary psychological approach in the study
of travel behavior, which many researchers have applied to overcome the shortcomings of
“consumer choice theory” in reflecting the effects of the psychological dimensions on mode
choice (Walker, 2001). TPB conceptualizes the impact of psychological variables, namely
attitude, subjective norm, and perceived behavioral control, on intention and behavior (Ajzen,
1991). Various studies have been drawn on TPB for predicting the mode choice among adults
(Cao et al., 2009; Heinen & Bohte, 2014). Previous research has also recognized the effect of
psychological processes such as attitudes on adults’ mode choice (Kuppam et al., 1999) and
children’s mode choice (McMillan, 2007). Panter et al. (2008) also highlight the impact of
caregivers’ attitudes toward transport modes on children’s mode choice.

2.2.2.3 Activity-Travel Approach

“Activity-travel approach” is another popular theory in the field of transport/urban
planning. This approach has been applied to studying individuals’ travel behavior in a
household based on the activities in which they engage in time and space (Chapin, 1974; Jones,
1979). This theory is very helpful in understanding children’s travel behavior since it
recognizes the mechanisms of child-caregiver relations in trip making, and it also includes
psychological variables such as attitude (Mitra, 2013). This approach has mainly been applied
in studying children’s school travel under the age of 12 (elementary school level) (Carver et
al., 2019; Leung et al., 2019).

2.2.2.4 Behavioral Approach

This approach is founded on behavioral theories such as social cognitive theory (SCT)
(Miller & Dollard, 1941; Rotter, 1954), socio-ecological models (Bronfenbrenner, 1977,
Stokols, 1977), and the human-environment interaction (HEI) model (Kuller, 1991). All the
theories mentioned above recognize the behavior as a product of the relationship between an
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individual and their surrounding environments (Mitra, 2013). Socio-ecological models
conceptualize behavior as an interaction between the ecological systems by which an individual
is surrounded, namely the intra-personal, interpersonal, organizational, social/built
environment, and policy. These models have broad application in the study of human behavior
and have been used by researchers to study children’s and adolescents’ mobility (Marzi et al.,
2018; Woods et al., 2021) and adults’ physical activity (Sallis et al., 2006). It is assumed that
a behavior change is most probable when a motivated individual lives in a supportive
environment (Mitra, 2013).

Moreover, Kuller (1991) introduces human-environment interaction (HEI) model based
on a neuropsychological point of view in which the different phases of human activity are
divided into four categories, namely 1) “activation” or arousal, 2) “orientation,” 3)
“evaluation’,” and 4) “control.” Applying HEI, Johansson (2006) studied the mechanism of
selecting a transport mode (escorted vs. active) for leisure trips among Swedish children aged
8-11 years old based on caregivers’ perception about the characteristics of physical/social
environment and child/household. It is noteworthy that the influence of “habit” on behavior is
also recognized in the HEI model.

2.2.2.5 Hybrid Approaches

Each of the mentioned approaches is associated with benefits and shortcomings and may
not portray the reality of travel behavior in an interdisciplinary environment. Therefore,
integrated theories and models have been introduced in the field of travel behavior studies.
Although more complex in nature, these approaches have been used by some researchers.
“Integrated choice and latent variables” (ICLV) or hybrid choice models were proposed by
Ben-Akiva et al. (2002) to bring together the economic and psychological foundations of the
previous theories (consumer choice theory and TPB). Some researchers, such as Tran et al.
(2020) and Vredin Johansson et al. (2006), utilized ICLV models and found attitudes influential
on the mode choice. To the best of our knowledge, ICLV has never been used for modeling
children’s travel behavior.

Epstein (1998) also draws on the importance of integrating the behavioral and economic
approaches in the study of active travel. ‘Behavioral economics’ tries to shed light on the
decision-making process behind behavior which may not be as rational as the utility theory
suggests. Although the application of this theory in travel studies has been limited so far, it has
the potential for understanding the travel behavior more effectively, and hence coming up with
efficient policy applications (Epstein, 1998; Mitra, 2013).

Since “travel,” especially children’s travel, is a complicated behavior, and under the
impact of multi-layers of influence, the socio-ecological model was adopted as the underlying
theoretical background of this study. Therefore, the following section will discuss the effects
of different contexts, including the individual and family to social/environmental settings and
policy, on children’s and youth’s mobility (both school and non-school travel).

2.2.3 Influential Factors on Mode Choice (Independent Mobility)

Considering the existing literature on the mobility of children and youth, and the
behavioral model of school travel by Mitra (2013), the influential factors on mode choice for
children and youth will be discussed in four categories of 1) child/adolescent (intra-personal),
2) family and friends (interpersonal), 3) physical/social aspects of the built environment, and
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4) natural environment and policy. In the following, the term “children” is used for the
elementary school age range (less than 12 years old). “Youth” will be categorized into two
classifications of 1) “young adolescents” enrolled in junior high school (around 12-15 years
old), and 2) “older adolescents” enrolled in high school (approximately 15-18 years old).

2.2.3.1 Child/Adolescent (Intra-Personal)

According to Bronfenbrenner (1977), child development happens through the interaction
of ecological contexts with which they are in contact. Children and youth learn from their
surrounding social/physical environments and develop attitudes and beliefs; besides, “repeated
exposure” to danger and unexpected situations makes them more experienced and capable and
hence, more independently mobile (Bandura, 1989; Mitra, 2013). As far as school travel is
concerned, a positive association was found between self-efficacy and the likelihood of active
travel among American young adolescents (Lu et al., 2015) and Canadian older adolescents
(Robertson-Wilson et al., 2008). In the context of non-school travel, the age of Swedish and
Flemish children (Ghekiere et al., 2017; Johansson, 2006) and Norwegian young adolescents
(Fyhri & Hjorthol, 2009) was found effective in the level of their independent mobility. Higher
self-efficacy for cycling among Flemish older adolescents was positively associated with
cycling to non-school destinations (Verhoeven et al., 2016).

In another study on German/Austrian young adolescents, girls were more likely to use
the private car for school trips (Stark et al., 2018). Female older adolescents were also found
to less actively commute to school (Robertson-Wilson et al., 2008). A study on Flemish
children found that boys enjoy higher levels of independent cycling non-school trips (Ghekiere
et al., 2017). Although the results show a pattern toward less active travels among girls, the
effect of gender on school trips and non-school trips among children and youth is inconclusive.

2.2.3.2 Family (Household) and Friends (Inter-Personal)

Socio-demographic characters and the travel behavior of a household can influence
children’s mobility (either escorted or independent). Moreover, children and adolescents learn
from their significant others’ travel behavior and copy them (social modeling of caregivers and
peers), promoting children’s self-efficacy (McAlister et al., 2008). Social norms, the
household’s attitude, and the social/built environment affect the mobility of children and youth.
The location of the household is also affecting a household’s travel behavior and is essentially
determining children’s independent mobility (Mitra, 2013). Caregivers’ perception of their
children/young adolescents’ self-efficacy also affects active traveling by altering the degree of
independent mobility granted to the target age groups (Johansson, 2006; Lu et al., 2015).

McDonald (2008) shed light on the link between a caregiver’s morning commute to work
and the likelihood of escorted school trips for American children and young adolescents.
Moreover, bigger households (more children) are associated with a higher likelihood of active
school travel (Mitra & Buliung, 2012) and independent leisure trips (Johansson, 2006) among
children. On another note, social modeling was appraised as a contributing factor of active
mobility, whereas social modeling, norm, and support proved to positively influence public
transport trips in older adolescents either for commuting to school or other destinations
(Verhoeven et al., 2016).

Furthermore, one’s household attitude toward mobility is critical in children’s and young
adolescents’ travel behavior. In studies on Portuguese and American children, the researchers
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observed a strong association between caregivers’ perception of traffic safety, and places for
walking/cycling and children’s independent mobility (Janssen et al., 2016; Santos et al., 2013).
In a longitudinal study in Belgium (Vanwolleghem et al., 2016), positive social norms and
attitudes toward physical activity effectively maintained the same level of active travel for
leisure destinations among young adolescents. Caregivers’ perception about children’s
capabilities in dealing with the surrounding environment and possible unexpected situations is
also influential in the independent trips to school (Faulkner et al., 2010; Lu et al., 2015) among
children and young adolescents.

The literature on the association of school commute or leisure trips and household
characteristics mainly highlights the dichotomous nature of a trip in which either a) the
caregiver is driving the child or b) the child commutes independently on foot or by bicycle.
The focus is on promoting physical activity and less car use, and public transport trips are rarely
included. Nevertheless, the empirical evidence can be extended for the broader nature of
independent travel for non-school trips.

2.2.3.3 Physical/Social Aspects of the Built Environment

The spatial structure of the built environment from regional to urban and rural, and other
features such as land use, transport network, and design attributes can affect individuals’ travel
patterns, especially their physical activity (Transportation Research Board, 2005). According
to Sharmin & Kamruzzaman (2017), some built environment characteristics, such as land use
mix that encourages adults to make active trips, are negatively associated with children’s
independent mobility. Also, street connectivity which usually encourages adults to walk
(Ewing & Cervero, 2010), appears to deter children’s independent mobility (Larsen et al.,
2012). Unique characters of the built environment (e.g., safety, the possibility of
meeting/playing while walking) should be recognized for meeting children’s needs (Mitra,
2013). Therefore, there have been several attempts to adapt the existing literature on the links
of the built environment and adults’ active mobility for children and youth. For instance, Sallis
(2009) developed an adolescent version for the “neighborhood walkability scale.”

Notably, most of the studies on children’s mobility are undertaken in urban environments
trying to identify the unique criteria of the built environment affecting active school travels. In
a study on Danish children and young adolescents living in urban areas, it was found that better
traffic safety and walking/cycling environment are needed to promote active mobility (Kaplan
et al., 2016). In a study in New Zealand, Lin et al. (2017) argued that perceived dangers of the
built environment linked to traffic and strangers could negatively affect the independent
mobility of children and young adolescents in urban areas. In addition to the discussed items,
the sudden appearance of wild animals can also impose burdens on non-motorized trips of
children and adolescents in rural areas (Drianda & Kinoshita, 2011; McMillan, 2013).

As Ewing & Cervero (2010) suggest, accessibility to public transport service is linked to
the use of buses and trains among adults. Such a factor was influential in adolescents’ school
travel in Hong Kong (Barnett et al., 2019). Access to public transport can also satisfy the needs
of daily physical activity among adolescents for school travel (Jones et al., 2012; Zulkefli et
al., 2020) since public transport trips are usually linked with active travel to the bus stops or
train stations. It should be noted that although “distance” plays a vital role in children’s and
young adolescents’ mode choice for school and non-school travel (Stark et al., 2018), and the
use of motorized modes for long-distance trips is sometimes inevitable, access to public
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transport can shift an escorted trip to an independent trip (either alone or in a group of
friends/siblings). Finally, the opportunity for meeting and communicating with others (social
interaction and inclusion) is another criteria that can positively contribute to children’s
independent mobility and active travel (Fyhri et al., 2011; Waygood et al., 2020) and the use
of public transport among adolescents (Goodman et al., 2014; Jones et al., 2012).

2.2.3.4 Natural Environment and Policy

The natural environment with its unique form and features can affect children’s mobility.
Extreme weather (Zwerts et al., 2010) and topography (e.g., hilly terrains, geographical
features, etc.) (McMillan, 2013) could contribute to less active travel and more car trips among
children and adolescents. Additionally, regional, local, and school policies can promote
specific transport modes for school trips (e.g., walking/cycling or school buses). Policies such
as free bus pass for adolescents can provide accessibility and mobility options that are
impossible otherwise. As Goodman et al. (2014) state, free access to public transport can
reduce adolescents’ mobility reliance on their parents and promote the sense of freedom for
realizing optional leisure and recreational trips, specifically with friends and peers, since buses
are suitable for traveling in groups.

2.3 Japanese Children’s & Youth’s Mobility

As mentioned in section 1.3 problem statement of chapter 1, the policies on school
location and active school travel are very successful in Japan. According to Tanaka et al.
(2019), Japan’s rank of active school travel is located in the second place right after the
Netherlands among the developed countries, making it a unique case. In rural Japan, due to the
physical barriers of the environment and the longer distances between students’ living areas
and schools, school buses are also widespread among children and adolescents.

Also, in a study on the independent mobility of children and young adolescents in 16
countries by Shaw et al. (2015), Japan stood in fifth place after Finland, Germany, Norway,
and Sweden. Shaw et al. (2015) also state that Japan is a special setting where most children
and young adolescents are granted the consent to go out alone after dark (in Finland, Sweden,
and Denmark, the same situation exists). Although the living environment of the mentioned
comparative study is not mentioned/differentiated, it seems that the high score of Japanese
children’s and young adolescents’ mobility must be due to the high level of perceived traffic
safety and security by caregivers. Most Japanese children and youth are engaged in
extracurricular activities on weekdays, which may also be extended to weekends. According
to Ministry of Land, Infrastructure, Transport, and Tourism (MLIT) (2015), there is higher
share of car trips among children and youth on weekends, and the pattern is more substantial
among those living in regional areas (compared to large cities). To the best of our knowledge,
non-school travel is also understudied in Japan, especially in rural areas where there are more
burdens associated with the physical environment.

2.4 Gaps and Potentials of the Literature

Looking at the findings of the existing literature, it is evident that most of the studies
have explored the scope of school trips in urban environments mainly to promote physical
activity. However, adolescents’ non-school travel aims to satisfy various needs other than
physical activity, and its influential underlying factors are rarely studied. Although a few
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research mentioned the significance of public transport use in adolescents’ mobility,
contributing to both physical and social benefits, the consideration of public transport as a
promoter of independent mobility is understudied. Additionally, the existing literature fails to
cover a variety of distinctive environments in the investigation of children’s and adolescents’
mobility. Rural areas have received far less attention than urban environments in travel
behavior studies of children and adolescents. Furthermore, studying the travel behavior of
young adolescents needs further attention since they are transitioning from childhood
(relatively dependent on parents) to adolescence and youth (relatively less reliant on parents).
Finally, the case of Japan and its relatively safe/secure environment for the independent travels
of children and adolescents even with public transport provides a potential for such studies.

2.5 Conceptual Framework

Based on the gaps in the existing literature and the opportunities associated with the
theoretical/empirical findings and the context of this study, we adopted a socio-ecological
approach as the theoretical background of this research. This approach helps us consider
different layers of influence in investigating young adolescents’ independent mobility for their
non-school trips in the rural and suburban areas of Japan. The categories discussed in sub-
section 2.2.3 are used in the main structure of the conceptual framework (Fig. 2.1).

Natural environment/ Policy context

Built environment (physical/social)

Safety X
Place for WC § Possibility of independence
oo ooooooooooog 1
1
Family & friends (inter-personal) Walking/Cycling |,
1
Household (socio-demographic) (WC) :
1
1
Independent mobility § - ) :
ublic Transport |
Psychological factors (PT) :
1
self-efficacy é ---------------- !
. . Car
Social modeling/norm/support
(caregivers/friend) (Escorted)

Adolescent (intra-personal)

4d
Independent mobility /
Psychological factors /
self-efficacy Attitude

Figure 2.1 Conceptual framework for studying young adolescents’ non-school trips adopting a socio-ecological model
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Chapter 3: Methodology



3.1 Introduction

As mentioned in chapters 1 and 2, the primary purpose of this research is to study the
effects of different factors influencing young adolescents’ non-school travel within a socio-
ecological framework in rural and suburban areas. Although such areas are highly dependent
on private cars for daily mobility, it is not apparent how such a pattern affects young
adolescents’ daily travels for other purposes rather than going to school. The unique
characteristics of the built and social environment of small towns and rural areas require
specific attention toward maintaining and improving junior high school students’ independent
mobility. In this chapter, the research design, case studies, and sampling will be introduced
first. Next, the instrumentation used in the survey is explained in detail. Last but not least, the
data collection and analysis of this study will be described. An illustration of the conceptual
model used as the basis of the analysis will close chapter 3.

3.2 Research Design

This study targets young adolescents enrolled in junior high schools (12-15 years old) of
small towns and rural areas of Japan since this age group is transitioning between childhood
and adolescence/youth, which could also be reflected in their travel behavior. In Japan,
children’s school travel is pre-determined by school policies and is mainly realized by utilizing
active modes of transport or school buses. However, non-school travel (mode choice, conduct,
etc.) is not following any rule and could be forged into different patterns. Hence, the main focus
of this research is investigating the scope of non-school trips to identify the impacts of socio-
demographic characteristics (e.g., age, gender, household construct, number of
children/household, etc.), the level of independent mobility (i.e., license and distance),
psychological variables (i.e., social modeling, norm, and support and perceived benefits and
barriers of transport modes), and environmental factors (i.e., neighborhood safety, and
walking/cycling environment) on young adolescents’ mode choice.

As mentioned in previous chapters, children are the social agents of their age groups and
should be the target respondents of the surveys designed to investigate their situation.
Nevertheless, families and caregivers greatly influence children’s daily mobility. Therefore,
we designed quantitative research including junior high school students and their caregivers as
the respondents to compare the viewpoints of these two groups in young adolescents’ mode
choice for non-school traveling. Since non-school trips have not been sufficiently investigated
in the existing literature, especially in small towns and rural areas, we conducted a few
exploratory interviews at the beginning of the survey to get a general outlook regarding the
prevailing travel behavior. The results of these qualitative investigations (Khaleghi et al., 2021)
were later reflected in the questionnaire design for the quantitative part of the study. It is
noteworthy that the interviews only took place in two case studies.

3.3 Case Studies

Children are a sensitive group, and researching them is a complicated task in Japan,
requiring consent from schools and other organizations such as educating councils, town
offices, etc. Therefore, case studies were selected based on the collaboration chances we had
at the time. To fulfill the goals of the research and answer its questions, we selected one town
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in each of the following settings: a) suburban, b) coastal, and ¢) mountainous, which together
could cover the whole range of small towns and rural areas in Japan (see Fig. 3.1).
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Figure 3.1 The location of the three case studies relative to one another

3.3.1 Toyoyama Town

Toyoyama town in the
northeastern part of Nagoya was selected
to represent the suburban small-sized
setting. Toyoyama is the smallest town
in Aichi with an area of 6.18 km?, 15,844
inhabitants (as of March 2021), and a
density of 2563  inhabitants/km?
(Toyoyama Town Official Homepage,
2021). It is surrounded closely by
Nagoya, Kita-Nagoya, Komaki, and
Kasugai cities. The town is relatively flat
(7-9 m above sea level) and represents no
specific geographical features (Fig. 3.2).
Despite the town’s small size, it is relatively wealthy since it hosts industries such as
Mitsubishi. The domestic Komaki airport is also located in Toyoyama.

Weather-wise, the summers are hot and humid, and winters are mild in Toyoyama town.
This town has no railway tracks, but various companies provide different bus routes. The
Toyoyama town bus can be utilized to get around in town; the Aoi bus and Meitetsu bus are
available for traveling to locations out of the town. The most significant population inflow to
Toyoyama is from Nagoya/Kita ward, whereas the largest outflow of Toyoyama’s population
is to Komaki city; and, Kasugai has the largest population inflow of Toyoyama’s students
(Toyoyama Town, 2020) (around 9 km, less than 20 minutes by car).
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The aging rate in Toyoyama is currently around 22%, and it is expected to increase
slightly. The town welcomes the elderly to voluntarily return their driving license for
preventing traffic accident caused by this group. According to Toyoyama Town (2020),
although the population is predicted to stay almost the same in the next 20 years, the children
and young adolescents’ population will slightly decrease in the same period. The person-trip
survey conducted in 2011 shows that the rate of car share is very high in Toyoyama during
weekdays and, particularly on weekends (67% and 86% respectively); roughly 25% more than
Nagoya city (Toyoyama Town, 2020). Although walking/cycling are pretty popular on
Toyoyama, bus share is tiny (1% of all trips) (Fig. 3.3 and 3.4). Additionally, in the latest public
transport plan report, which targets 2020 to 2029, there is no specific mention regarding the
promotion of public transport for this study’s target group. For more information about the
public transport plan and its proposed strategies, see appendix Al.

0% 10% 20% 30% 40% S50% 60% 70%  80%  90% 100%

Guide _ Blke Blcycle Walk Othel

Toyoyama

Nagoya

Nagoya.

Kita ward —_

Figure 3.3 Modal split on weekdays, 2011 (Toyoyama Town, 2020, pp. 6)
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Figure 3.4 Modal split on weekends, 2011 (Toyoyama Town, 2020, pp. 6)

There are three elementary schools, one junior high school, and no high schools in this
town. Toyoyama junior high school has 472 students (as of September 2020). Students usually
walk or cycle to school. It is noteworthy that students in Toyoyama are not granted a free town
bus pass.
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3.3.2 Minamiise Town

Minamiise town in Mie prefecture
was chosen for the mid-sized coastal
context. Minamiise is a fishing town in a
coastal region with an area of 242.98
km?, 11,953 inhabitants (as of January
2021), a density of 49 inhabitants/km?,
and an aging rate of 50% (Minamiise
Town Official Homepage, 2021). It is
located in the central and southern part
of the prefecture, bordering Ise city and
Watarai town in the north, Shima city in
the east, and Taiki town in the west.

the merger of Nansei and Nantou towns

in 2005. Minamiise, with its 245.6 km of coastline, small islands alongside the coast consisting
of 38 villages, not very high lush mountains (less than 700 m), and relatively few flat areas,

L o

i N ) Figure 3.5 Minamiise, Nansei district
Minamiise is a rural area resulting from Photo by James Fichera - Own work, CCO,

https://commons.wikimedia.org/w/index.php?curid=47122552

represents a very different context than the first case study (Fig. 3.5).

The population is decreasing in Minamiise, which simultaneously has affected the use of
means of public transport (town bus and on-demand bus). According to Minamiise town
(2021), from 2015 through 2020, the town bus users have dropped more than 10000 rides
(around 25% decrease) which is a lot sharper than the decrease in the population
(approximately a 14% decrease) (Fig. 3.6). During the same period drastic decrease was

observed in the share of on-demand buses (Fig. 3.7).
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Figure 3.6 Trends in the population and the annual town bus ride (Minamiise town, 2021, pp. 7)
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As far as the road distance to neighboring cities is concerned, from Gokasho in Nansei
area, there is around 25 km to Ise city (approximately 30 minutes by car, and 1 hour by bus),
17 km to Shima city, 18 km to Watarai town, and 48 km to Taiki town. It is noteworthy that
accessibility in Nantou areas is more complicated. Minamiise has hot and humid summers and
mild winters. Due to its geographic location, Minamiise receives high levels of precipitation
(mainly rain). There is no railroad in Minamiise town. For traveling in town, the infrequent
service of the town bus and on-demand bus with limited working hours (8 am-5 pm requiring
reservation in advance) are available. For getting out of the town, the Mie Kotsu bus is an
option, providing an infrequent service (most of the time requires lots of transfers.)

The current public transport plan specifically aims to promote public transport for
children by providing free town bus pass for elementary and junior high school students and
regional bus discount for high schoolers to decrease children’s mobility burdens on caregivers
(Minamiise town, 2021). The town is very active in holding meetings among residents to
exchange ideas for improving public transport service. Children and their mobility needs are
considered explicitly in planning different means of public transport in this town (town bus,
Mie Kotsu bus, and on-demand services). By investing in children and making the movement
inside the town and to out-of-hometown locations, the town plans to slow down the
depopulation since many families may leave when their children go to a high school out of
town. For more information, see appendix A2. There are three elementary schools, two junior
high schools, and one high school in this town. Nansei and Nantou junior high schools have
103 and 68 students, respectively (as of September 2020). Students usually use the school bus
for their school trips.

3.3.3 Kiso Town

For the mountainous context, we
selected Kiso town in the southwestern parts
of Nagano prefecture bordering Gifu (Fig.
3.8). Kiso, is the largest town/village in |
Nagano listed as the 100 most beautiful
villages in Japan. Kiso is mainly known for
its historical background related to
Nakasendo (one of the main passage trails
connecting Tokyo and Kyoto in the Edo
period), its abundant forests, Kiso River,
and Mount Ontake (a sacred volcano). Most
of the land 1is occupied by steep
mountainous areas, except for some flat
land along the Kiso River on the east side and the foot of Mt. Ontake on the west side.

Kiso town has an area of 476.03 km?, 11,127 inhabitants (as of March 2019), and a
density of 23 inhabitants/km? (Kiso Town Official Homepage, 2021). Kiso town results from
the 2005 merger of Kiso-Fukushima town and the villages of Hiyoshi, Mitake, and Kaida. The
altitude is approximately 700 to 850 m along the Kiso River, and about 1100 m in the Kaida
area, making it one of the highest altitudes in Japan as a residential area (Kiso town, 2017).
The tertiary industry is the largest share in Kiso town, mainly retail, wholesale,
accommodation, and food, highlighting occupations linked to “tourism.” Weather-wise, there

Figure 3.8 Kiso, Kiso Fukushima district
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is a considerable difference in temperature between summers and winters and day and night in
Kiso. Also, Kiso town receives heavy snowfall in winter, and frozen roads make transportation
difficult in the cold season.

As far as the road distance to neighboring cities is concerned, there is 35 km to Ina city,
from the center of Kiso town, 44 km to Shiojiri city, and 57 km to Nakatsugawa city in Gifu
prefecture. Nagano city, where the prefectural office is located, is 130 km away from Kiso. In
addition, Takayama city in Gifu is located 57 km away from the Kaida area. Also, one of the
unique characteristics of transport in Kiso is easy railway access in parts of it (one major JR
station in Fukushima and two local stations in the Hiyoshi district.)

Since most of the facilities are located in Kiso-Fukushima, the town’s bus service is vital
for the people living in other districts. However, the total number of bus users and revenue
have been gradually decreasing between 2010 and 2014, putting a heavy burden on the town
for maintaining the service (an annual value of 10000 yen per resident of the town) (Kiso town,
2017) (for more info, see Appendix A3). Also, the inconvenient service (infrequent, too many
bus types) has caused an outflow of population to nearby cities such as Ina for shopping
purposes. In 2015, a survey was conducted in Kiso, collecting the travel behavior data of 421
households (791 persons) (Kiso town, 2017). As the trip mode distribution for different
purposes in Fig. 3.9 suggests, although the car ride is dominant in the categories of “commuting
to work™ and “going shopping,” around 40% of trips with other purposes had at least a part
made with public transport or active modes.

0% 20% 40% 60% 80% 100%

School T e ——
Work [ ——
Hospital [ e —.
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Other T e ———
Total |

" Private = Family transfer Moped/ Bike
Bicycle m Electric car ® Chuo main line

® Main bus ® Patrol bus ® Shared taxi

¥ General taxi ® 1 ocal transfer ® Walking

Figure 3.9 Distribution of transport modes based on the travel purpose (Kiso town, 2017, pp. 49)

Kiso town is facing severe depopulation and again issues (39% again rate in 2015).
According to Kiso town (2017), around 70% of the population in Kiso town held a driving
license in 2015 (more than a 20% increase in the past 30 years). In the same year, the average
car ownership was two vehicles per household. Due to aging, many are not capable of driving
and there are schemes for returning the driving license. However, not being able to drive causes
many disadvantages, which are mostly felt by children and older women. Out of 4942
household of Kiso town in 2015, 765 (15.4%) belonged to single elderlies over 75 years old.

Kiso has three elementary schools, one elementary/junior high school, two junior high
schools, and one high school. Kiso town, Hiyoshi, and Kaida junior high school have 161, 48,
and 23 students, respectively (as of January 2021). Students usually use the school bus for their
school trips. In Kiso town, junior high school students can use the town bus free of charge.
Table 3.1 demonstrates a summary of the case studies’ main features.
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Table 3.1 Summary of the main characteristics of the case studies and their junior high schools

Small towns/rural areas

small-sized suburban

mid-sized coastal

large-sized mountainous

category Toyoyama (Aichi) Minamiise (Mie) Kiso (Nagano)
Area (km?) 6.18 242.98 476.03
Density
(inhabitants/km?) 2563 49 23
Limited bus routes Train stations in
. . Different bus routes (In town: three-five Fukushima and Hiyoshi
Available public ) ) o .
transport (In town/out of town: services/day, out of (limited bus routes, in
P almost one service/hour) town: almost one town/out of town: almost
service/hour) one service/hour)
Number of junior high
1 2 3
schools
Number of junior high 472 171 232
school students
School trips main mode Walking/Cycling School bus School bus

3.4 Sampling and Ethical Review

Due to the small population of the selected towns, we contacted every junior high school
in the case studies (6 in total), and all schools agreed to participate in the survey. After the
survey materials’ translation procedure was completed from English (the original version) to
Japanese (several translation/back translations were realized), each school checked the
questions regarding the clarity of the language used for the target age group. We revised the
questionnaires based on the comments and recommendations, keeping the survey’s uniformity
in all towns.

Moreover, the ethical issues of the research were discussed with the head principals,
teachers of each school (in all three case studies), and the town officers collaborating with us
(only in Minamiise and Kiso town). Based on such ethical reviews, we emphasized the
voluntary basis of the survey, especially for questions regarding the respondents’ personal
information (such as gender, age, household construct, etc.). It is noteworthy that we were
prohibited from asking caregivers about their income or education in all three towns. We added
an introductory part at the beginning of each survey material to mainly emphasize the
anonymous nature of the survey. The introduction also explained briefly the survey, the
conductor and their contact information, and the utilization of collected data (in Kiso town,
another complementary introduction from the town office was also added).

3.5 Instrumentation

In this paper-pencil survey, a questionnaire and a travel diary were uniquely designed for
the young adolescents in which they answered questions about environmental variables,
independent mobility extent, their positive and negative perception toward different transport
modes, perception toward their significant others’ travel behavior (social
modeling/norm/support) and some personal socio-demographic characteristics (e.g., age,
bicycle ownership, etc.). Junior high school students were also asked to fill out a travel diary
about their non-school trips. In the caregivers’ questionnaire, questions were asked regarding
the consent around adolescents’ independent mobility, socio-demographic features of the
household, social modeling/norm/support (only the caregivers’ opinion who filled out the
survey was collected).
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The questionnaire design was mainly based on validated questionnaires (De
Bourdeaudhuij & Sallis, 2002; Hillman et al., 1990; Rosenberg et al., 2009; F. J. Sallis, 2009;
J. F. Sallis et al., 1986; J. F. Sallis et al., 1989; Shaw et al., 2013). However, the results of the
interviews in Minamiise (conducted in February 2020) and Toyoyama (conducted in
September 2020) were utilized in adjusting the contents of the questionnaires to make it a better
fit for junior high school students living in small towns and rural areas of Japan. The Japanese
version of the survey contents used in Kiso town can be found in Appendix B.

3.5.1 Travel Diary

A travel diary was designed for the students to collect data about non-school trips. Due
to the imposed limitations of the Covid19 pandemic on children’s mobility, we had to take
extraordinary measures in the data collection (will be discussed in the next section), which
ultimately affected the travel diary template. Since we were unable to collect recent information
about the non-school trips, the travel diary template should be simplified, asking only about
the general details of a trip.

The introductory section of travel diaries provided information on the definition of a
“trip,” different types of “non-school trips,” followed by filled-out samples. Students were
asked to report their movement from A to B (when B is not located in the exact location of A)
and give more details about their trip, including origin and destination, the realization time, the
purpose, used transport modes, the people who accompanied them, and their mood during the
trip. Due to the mentioned limitations, we decided not to include the possible different nature
of the return trips in this study. Although there was space for reporting eight different trips in
the travel diaries, students were asked to fill out the travel diary with at least four non-school
trips traveling short and long-distances, keeping in mind to report both independent and
supervised trips. An example of the travel diary sheet is available in Fig. 3.10.
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(Mark all the used modes for
each trip)

Accompanying persons Feeling during each trip
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Figure 3.10 An example of the English version of the travel diary sheet

3.5.2 Questionnaire

3.5.2.1 Socio-Demographic

Young adolescents and their caregivers reported socio-demographic characteristics.
Students reported their age, living district (there are three, two, and four main districts in
Toyoyama, Minamiise, and Kiso town, respectively), ownership of bicycles and
cellphone/smartphone, and information about elder siblings (if they had any elder siblings and
also if any of those elder siblings were pursuing their career/educational goals out of the town).
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Caregivers reported their age (was categorized into three categories of 1) less than 40, 2) 40-
50, and 3) over 50), household construct (was categorized into four classifications of 1) parents
and children, 2) parents, children, and grandparent/s, 3) single parent and children, and 4)
single parent, children, and grandparent/s), caregivers’ job (was classified into four categories
of 1) full-time employees, 2) part-time employees, 3) full-time self-employed, and 4) full-time
homemaker or unemployed), the number of cars per household (three categories of 1) one, 2)
two, 3) three or more), and the number of children per household (four categories of 1) one, 2)
two, 3) three, and 4) four or more). Caregivers also reported students’ gender (except for
Minamiise town, where the permission for collecting such information was not granted).

3.5.2.2 Independent Mobility License and Distance (subjective)

The independent mobility license index (Hillman et al., 1990; Shaw et al., 2013) was
used to get a general perspective on the level of students’ independent mobility. It is noteworthy
that two items were deleted from the 6-item scale since Japanese junior high school students
already cross main roads and travel home from school alone or with friends. The final 4-item
scale included: 1) go to places other than the school within walking distance, 2) go out after
dark, 3) cycle on main roads, 4) use the town bus. Young adolescents provided yes/no answers
to the above items notifying the researchers of having/not having their caregivers’ consent to
realize each of the activities alone/with friends. The independent mobility distance was
evaluated by the farthest destination to which students could travel independently. The options
included a) home area, b) school area, c¢) inside the town, d) out of the town. Same questions
were also asked from caregivers to understand the differences between young adolescents’ and
caregivers’ perceptions about independent mobility.

3.5.2.3 Psychological variables (subjective)

According to the social learning theory, which concentrates on the cognitive processes
of interactions between individuals and the environment in shaping the behavior, psychological
variables were selected based on the previous questionnaires (De Bourdeaudhuij & Sallis,
2002; Sallis et al., 1986, 1989; Verhoeven et al., 2016). Some of the questions were not easily
translated to Japanese, especially for the target group of 12—15-year-old. Therefore, wherever
needed, more explanations were provided to make the questions clear and understandable for
students. In general, perceived benefits and barriers of transport modes, self-efficacy for using
walking/cycling and public transport over the car, social modeling/norm/support (related to
different modes of transport) were considered. Transport modes were classified into three
groups of 1) walking/cycling (active modes were grouped for the sake of simplicity), 2) public
transport, and 3) private car.

Perceived positive and negative criteria associated with three categories of transport
modes were assessed by asking students to rate their agreement with several different
statements aiming to reflect the benefits and barriers of means of transport. For preparing the
scales of these variables, in addition to the results of the preliminary qualitative research in the
case studies (Khaleghi et al., 2021), the findings of the previous studies (Stark et al., 2019;
Zwerts et al., 2010) were used. The data on positive and negative attitudes toward different
transport modes were only collected from the students. Detailed information on the items used
in appraising the mode-specific perceived benefits and barriers can be found in Table 3.2.
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Table 3.2 Detailed information on the items used for measuring mode-specific benefits and barriers

No. Perceived Benefits ‘ Perceived Barriers
Walking/Cycling (WC)
1 I am on the way without adult supervision Walking can be tiring for long distances
2 | I can choose my way without adult supervision Walking is inconvenient in bad weather
3 | I can talk/play games with my friends on the way | Cycling is not preferable in bad weather
4 | Walking/cycling is an exercise (good for health) I cannot walk far
5 | Ifeel less stressed while walking/cycling Walking is slow and takes much time
6 | Walking/cycling do not produce any pollution It is dangerous to walk on a road at night
Walking and cycling are free of charge (if I own a L .
7 bicycle or benefit from bicycle-sharing) Cycling is exhausting when there are steep slopes
I can do other things while walking/cycling It is dangerous to ride a bicycle on a steep slope
It is dangerous to ride a bicycle at night
Public Transport (PT)
. I find using public transport difficult (reading
I | T'can move around safely even in bad weather timetables, finding the location of bus stops, etc.)
2 | The ride on the bus/train is quiet and relaxing Getting to bus stops/stations is difficult
. . . Sometimes, [ have to ask my caregivers or others
3 | I can do other things while on the bus/train to pick me up at the bus stops or stations
4 |1 feel confident and independent when I can go I am worried about making mistakes or getting
out by public transport without adult supervision | lost without adult supervision
5 | Ican talk to my friends on the way Public transport fare is high
6 I can go far away, access to different facilities Long waiting time at the bus stops or stations is
and opportunities very annoying
7 Public transport carries more people than a car, It stops multiple times, so using public transport
and that is why it can be less polluting than a car | usually takes time
g | Lexercise when I walk/cycle to the bus stops/train If I get into trouble while riding, I have to ask a
stations stranger for help (driver, station staff, etc.)
Public transport is necessary for the elderly who I usuglly rely on aduljcs advice before using
9 . public transport (family members or school
can no longer drive a car
teachers)
10 Public transport is necessary for all the people I do not know all about public transport (e.g., I
who do not hold a driver’s license have no idea what demand-buses are)
Private Car
| My caregivers can take me wherever I want to go | I have to ask someone to give me a ride (it is not
at any time up to me)
2 | Ifeel very comfortable I cannot talk to friends while in the car
3 | I can move around at a fast speed I cannot go out alone in a car
4 The driver/other adults are responsible for Compared to other means of transport, it is more
everything, so I am less worried polluting (less environmentally friendly)
5 I can listen to music & enjoy the scenery while It costs a lot to maintain a private vehicle (repair,
riding insurance, etc.)
6 | I can share a ride with my friends/others The car ride is sedentary (no physical activity

To measure young adolescents’ capability in using walking/cycling and public transport

when a private car was also an option, we asked if they were willing/able to select 1)
walking/cycling and 2) public transport over the private vehicle under challenging
circumstances. Seven difficult situations were proposed: traveling in bad weather, at night
when there is not much ambient light, being late for an activity, feeling tired, going to
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unfamiliar places, carrying heavy things, and being on their own. Both students and their
caregivers reported young adolescents’ self-efficacy.

Social modeling, norm, and support in this study are basically about how the travel
behavior of significant others affects young adolescents’ mode choice for their non-school
trips. The data on these variables were collected by firstly asking the students about their
perceptions toward their caregivers and friends separately, and secondly, by asking caregivers
to provide first-hand answers (only about themselves or their children). Both students and their
caregivers reported their answers about the three classifications of transport modes mentioned
above. Social modeling was evaluated by assessing students’ caregivers’ and friends’ mode
use frequency fulfilling different purposes. Social norm variable appraised students’ and
caregivers’ beliefs toward using different modes for non-school trips. Finally, social support
was evaluated based on the two criteria of 1) the frequency of encouragement received from
students’ caregivers and friends for utilizing different modes of transport, and 2) the frequency
with which students made trips together with their caregivers and friends by walking/cycling,
public transport, and the private car.

3.5.2.4 Environmental variables (subjective)

Current literature has highlighted “neighborhood walkability” as the primary concern in
the category of environmental variables influencing children’s mode choice. We used the
adolescent version of the Neighborhood Environment Walkability Scale (NEWS-Y)
(Rosenberg et al., 2009; Sallis, 2009) for our purpose. However, NEWS-Y is designed and
validated for urban environments. Therefore, not all the subscales or items were relevant to the
contexts of the case studies in this research. Eventually, subscales F/H/I (places for
walking/cycling, neighborhood pedestrian and traffic safety, and crime safety, respectively) of
the NEWS-Y were selected to be used in this research. We adjusted the contents according to
the data we collected from the interviews with students in Toyoyama and Minamiise.

A 4-item scale for “places for walking and cycling” was made by keeping item 1 of the
subscale “F” of the NEWS-Y and adjusting/adding three more items which are as follows: a)
sidewalks feel like being narrow and dangerous, b) the sidewalks in my neighborhood are not
well maintained, making it difficult to walk or ride a bicycle, and c) there are steep slopes on
the roads in my neighborhood which makes it difficult to walk and ride a bicycle. Item 1 (there
are sidewalks everywhere) in this subscale was later deleted since it decreased the scale’s
internal consistency in all three towns.

The subscales “H” and “I” were combined as a 9-item scale for “neighborhood safety,”
in which items 2/3/4/6 from the “H” subscale and item 1 from the “I” subscale were taken.
Three following items were added for “traffic safety”: a) some cars ignore the traffic lights, b)
there are steep slopes on the roads in the neighborhood, especially around the curves, which
are dangerous due to poor visibility, and ¢) sometimes I see dangerous wild animals, such as
stray dogs, wild boars, etc. in my neighborhood. One item was added to the “crime safety”
measures: fear of being hurt by suspicious strangers makes me worried about going out on foot
or by bicycle with my friends or on my own. In Minamiise, two items, and in Kiso, three items
were later discarded to improve the scale’s internal consistency. In our study, higher scores
denote better environmental qualities for walking and cycling. Therefore, the items which were
asking about the negative features were reversed for calculating the scale scores. For all the
scales, the averages of item scores were used in the data analysis. Fig. 3.11 illustrates a more
detailed version of the conceptual framework based on the discussed instrumentation.
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Figure 3.11 The conceptual framework used as the basis of the data analysis (young adolescents and their caregivers provides answers for the items with an *)




3.6 Data collection

We surveyed Toyoyama and Minamiise town in September 2020. Due to the difficulties
caused by the pandemic, we surveyed Kiso town later in January 2021. The surveys were
distributed at schools, and all students of the junior high schools received an envelope from
their teachers containing two versions of questionnaires (one for the students, one for their
caregivers) and a travel diary for students to report their non-school trips. The participants were
given one week to fill out the survey and return the envelope to their teachers. In Toyoyama,
we delivered and collected the survey materials. However, in Minamiise and Kiso, the
procedure was done by post.

This research intended to target the non-school trips, especially the extent of independent
mobility in small towns and rural areas, to understand the multi-level factors affecting the use
of different transport modes. However, the outbreak of the Coronavirus coincided with the
survey implementation and changed everything. At the beginning of 2020, children, among
others (maybe even more strictly), were obligated to limit their activities out of the house or
were only chauffeured around by their caregivers to cater to their necessary activities.
Therefore, we had to take extraordinary measures and adapt to the new situation. Since
collecting the data on non-school trips was vital to this study, and in the first half of the year
2020, even necessary daily trips such as school travels were limited, we decided to survey a
period before the start of the pandemic. Consequently, every question in the questionnaire had
to target the same timeframe. Therefore, the phrase “before the spread of the Coronavirus” was
added at the beginning of all the questions.

Although the solution mentioned above seemed suitable on paper, 2020 was full of
surprises and uncertainties. Hence, the plans were not progressing as smoothly as expected,
especially for collecting the non-school trips. By the time we got the consent of schools and
town offices, around nine months had passed from the start of the pandemic. After carefully
considering the situation with schools in Toyoyama and Minamiise, we asked students to report
the non-school trips they made between September and November 2019. This timeframe was
representative of a typical situation before the pandemic, which did not coincide with the
summer holidays, and weather-wise, represented the same characteristics in all the case studies.
However, the survey was not implemented until the middle of January 2021 in Kiso town.
Since the proposed timeframe for the data collection in Toyoyama and Minamiise was more
than a year away for the case of Kiso, we changed the period to “between September and
October 2020.” Although this new period was in the middle of the pandemic, Kiso town
officials and school principals assured us that Nagano prefecture was not affected by the
Coronavirus until November 2020 (the beginning of the cold season). Such unfavorable
decisions were necessary due to the exceptional circumstances of the pandemic and are part of
this study’s limitations.

In Toyoyama, Minamiise, and Kiso town, 220, 170, and 204 survey sets (including two
questionnaires and a travel diary) were retrieved, respectively (a response rate of 46%, 99%,
and 88% with the same order). However, not all the survey sets were wholly filled out, so we
selected 173, 143, and 171 valid questionnaires in Toyoyama, Minamiise, and Kiso town for
the data analysis.
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3.7 Data Analysis

3.7.1 Introduction

Daily travel is a tangible experience for everyone and forges into new shapes based on
our needs in every stage of life. Travel is a decision we make to meet those needs, which
requires us to move around in specific ways, doing things in different places at different times
(Goulias et al., 2020). Travel behavior is also entangled with psychological aspects of human
behavior, such as attitudes, norms, intentions, feelings, etc. Establishing utilities or considering
the intuitional behavior as the foundation of decision-making about the realization of different
activities gives way to recognizing the underpinning of a complex behavior like travel (Goulias
et al., 2020). Such understanding is essential since the economy relies on transport to a
considerable part, and transport policies can critically change the systems and the living
environment (McFadden, 1974), and as a result, alter the travel behavior. Therefore, the
relationship between travel behavior and built environment/transport systems is interactive.

3.7.2 Choice Models

Choice models have been used to explore the nature of such decision-making for
selecting one mode of transport among a set of mutually exclusive alternatives. These models
hypothesize that a decision-maker (in our case, a young adolescent) can differentiate and
prioritize among the alternatives (different modes of transport) based on a utility function, and
the chosen alternative is the one with the highest level of utility (Croissant, 2020). Mainly in
the field of adults’ travel behavior, choice models have been applied to provide an efficient
tool for travel demand forecasting and establishing proper transportation policies. Children
face more limitations and less control over their travel behavior compared to adults.
Notwithstanding, the same travel behavior definition can be applied to children. In a sense,
children are more affected by than affecting the system. It is critical to distinguish these effects
if we aim to promote specific modes of transport among children. In addition, the evolving
nature of travel behavior in special stages of life in which behavior is shaping makes studying
children’s travel behavior even more prominent.

McFadden’s discrete choice model (McFadden, 1974) is fit using conditional logistic
regression (conditional logit model) and requires the ITA assumption to hold. The ITA
assumption checks for the independence of irrelevant alternatives, which means that in case
one of the alternatives is discarded from the model, the probability of other alternatives being
chosen should remain the same compared to a model including all the alternatives. Choice
models require data in a particular form called a “long format” in which every single
observation in a “wide format” (the standard form) is multiplied by the number of available
alternatives and altogether form a “case.” In the long format, a new variable (called indicator
variable) is generated representing the final choice which signifies the chosen alternative with
the value of 1 and the rest with a value of 0. Both “case-specific” and “alternative-specific”
independent variables can be used in McFadden’s choice models. “Case-specific” variables,
such a gender, remain the same among the observations of a case in the long format, whereas
“alternative-specific” variables have different values for each of the observations in a case. An
example of “alternative-specific” variables in our study is the “perceived benefits/barriers” of
different modes.
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Assuming J as the number of possible alternatives, p as the number of alternative-specific
variables, and g representing the number of case-specific variables, the data matrix Xi for case
i would be J x p, whereas the data vector for case i would be 1 x g (StataCorp, 2021a). The
random utility model can be demonstrated in the following function:

ui =Xif+(ziA)' +ei Equation 1

In the above model, ui calculates the utility of J alternatives for case i in which the
selected choice has the highest utility, and £ is the alternative-specific regression coefficients
(a vector of p x 1), whereas A = (ay, . . ., oy) demonstrates the case-specific regression
coefficients (a vector of g xJ) and elements of &i are extreme-value random variables (J % 1
vector) (StataCorp, 2021a). One of the oj should be fixed to zero, usually called the base
alternative to normalize the location, It is best to compare the logit model with a linear model
to gain a better perspective. Equation 2 shows a linear model, whereas equation 3 represents a
logit model.

Y =at+ bXi +cXz Equation 2
logit(p) = a+ bXi + cXz Equation 3

The two models are different in the sense that in Equation 2, a 1-unit increase in X
(assuming that other variables are not changing) can cause the Y to increase/decrease by b
(depending on the sign of coefficient b). However, the same change in X; in function 3 is
changing the logit value, not p, or Y. logit(p) is representing log(p/1-p) or log-odds in which p
is demonstrating the probability of selecting a specific alternative, and (1-p) shows the
probability of that specific alternative not being selected (i.e., another alternative is selected,
e.g., the base alternative). Equations 4 and 5 show how we can alter Equation 3 to calculate
odds ratio and probability.

Odds ratio (p/1-p) = exp (at+ bXi + cXz) Equation 4

exp (a+bX1+cX2) 1
1+exp(a+bX1+cX2)  1+exp (—(a+bX1+cX2)

Probability (p) = Equation 5

Owing to the non-linear relationship between the independent variables and the outcome,
the interpretation of choice models is relatively tricky. Apart from the sign of the coefficients
(logit value) showing the direction of an effect, the coefficients are almost uninterpretable.
Odds ratios and relative-risk ratios can also be computed, and the likelihood of an event over
another event can be compared (in this research choosing a specific transport mode over the
reference mode), which is still a lot more meaningful than the logit values. However, such an
estimate is a ratio in which even the magnitude of odds is not showing. Besides, odds ratios do
not provide any information on the probabilities. Hence a better intuitive interpretation is
needed to overcome these shortcomings. Postestimation methods, such as “margins,” are used
to calculate the probabilities of choosing different modes under defined circumstances.
Calculating average marginal effects (AME) is a practical way of providing more meaningful
interpretations. With AME, the interpretation shifts to a change in the probabilities of different
alternatives (here modes of transport) due to an infinitely small change in a continuous
independent variable or a discrete change from a base level to a group level for a categorical
variable. “Margins” can also be predicted with customized settings and make it possible to test
different hypotheses and come up with better ways of explaining the causal effects for the sake
of drafting efficient policies.
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3.7.3 Data Analysis Procedure

IBM SPSS Statistics (version 27) was used for data preparation and explaining the
sample characteristics. Moreover, since the outcome of our collected data are choices among
modes of transport, and considering the diverse nature of independent variables, we used
McFadden’s discrete choice model for the data analysis by utilizing Stata/BE 17.0 (StataCorp,
2021b) and the “mlogit” package in statistical programming language R (version 3.6.3). As
stated before, choice models are usually based on the utility theory and have broad application
in studying adults’ travel behavior. However, this study’s target is young adolescents, and we
adopted a socio-ecological model as the conceptual framework of this study which emphasizes
behavioral reasoning rather than the economic rationale of the utility theory. Therefore, the
utility might be redefined in the context of this research. The maximum value (utility) goes to
the alternative, which is more supported by the behavioral settings including the intra-personal
level (e.g., child’s gender, age, attitude), inter-personal context (e.g., household and significant
others’ impacts), the built environment, and policy (provision of free bus passes, etc.).

We started the data analysis by data preparation. Firstly, we arranged the data in a “wide
format” based on the unit of a single “trip.” Except for some categorical variables such as
students’ gender, enrolling grade at school, living district, and caregivers’ relation to the
students, the rest of the missing values were replaced with the most frequently reported value
in each question. It is noteworthy that the share of missing values was very small.

Next, we tried to simplify the collected data in the travel diaries. Trip destinations were
categorized into: a) inside the town and b) out of the town. We classified the reported trip
purposes according to the definition of Csikszentmihalyi & Schneider (2000) for teenagers’
activities. Three main categories were distinguished for trip purposes, namely a) leisure (e.g.,
doing hobbies, socializing, etc.), b) productive (attending cram school, etc.), and c)
maintenance (shopping, eating, etc.). The reported accompanying people for each trip were
also classified into two groups: a) supervised (an adult is accompanying the young adolescents)
and b) unsupervised (students are on their own or in the company of friends).

Also, since students reported more than one mode used for some of their trips, we
analyzed the reported patterns and came up with six preliminary classifications, namely 1)
walking/cycling, 2) public transport (public transport alone or with active modes), 3) car or
taxi, 4) walking/cycling and the private vehicle, 5) public transport and the private vehicle, 6)
trips with mixed modes including walking/cycling, public transport, and the private car.
Notably, a tiny share of trips belonged to categories 4, 5, and 6 in all the case studies. We
decided to add the trips in category 4 to category 3 since we assumed that the car is highly
likely to be the main mode in a trip made by active modes and the car. Category 5 and 2 were
also mixed based on another assumption that car pick-ups usually take place in trips realized
with public transport. Category 6 was excluded from the analysis. Establishing the three main
categories of transport modes (3 alternatives to be selected), we then generated the “long
format’” of the data for each town in R, ready to be used for analysis (choice models and
postestimation) in Stata.

On account of the high number of independent variables in this study and to discard the
insignificant variables, the final models were made based on the results of preliminary models.
It is noteworthy that we took the “car” as the reference outcome in all the models. Considering
the mentioned method and since the natural environments of the case studies are relatively
different in terms of size and geographical context, we analyzed each town’s data separately
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and compared the results in the end. It is noteworthy that a general model was also developed
for the three case studies with a categorical variable represented each town’s data, which gave
a general outlook about the targets in small towns and rural areas. To prepare the final models,
firstly, conditional logit models were built by including the socio-demographic variables (12
in Toyoyama and Kiso, 11 in Minamiise, and 11 in the general model). Furthermore, we
repeated the same procedure for the psychological (with 15 continuous variables),
environmental (with 2 continuous variables), and independent mobility variables (with 10
categorical variables) separately. Only those variables with a trend toward a significant
relationship (p<0.10) were selected and used in the final model of each town. Fig. 3.12 and
3.13 demonstrate the model making process and the analysis model, respectively. The the
selected variables in the preliminary phases of each model are depicted in Fig. 3.14 and 3.15.

Consequently, the four final models are not identical in terms of the predictors of mode
choice. There is also another distinction among the final models related to some of the
psychological variables. Except for the social support variable in Minamiise and Kiso, the rest
of the data on social modeling/norm/support could not be used as a scale in the analysis due to
low internal consistency (Cronbach’s a <0.5). Therefore, they were utilized separately in terms
of 1) students’ perception about caregivers, 2) students’ perception about friends, and 3)
caregivers’ responses in data analysis. In the general model, all the social
modeling/norm/support variables were used separately.

We calculated both AME and customized margins for the significant variables of the
final models in each town and used them in explaining and discussing the results. Finally, the
suitability of models was tested using a Hausman-type test of IIA (independence of irrelevant
alternatives). Since “public transport” and “private car” as motorized modes of transport are
closer to each other than “walking/cycling,” the chance of selecting them might be interrelated
to one another. Hence, we discarded “public transport” cases and checked the chi-square value
for the difference of the two models’ estimates (one with all the alternatives, the other without
the public transport cases). The two models’ results were combined by a postestimation
command in Stata called “suest” (seemingly unrelated estimation). Finally, by testing the
difference of estimation between the two models and checking the chi-square and p-value (the
insignificant value proves that IIA holds), we checked for the IIA assumption in our choice
models. The same procedure was repeated by discarding the “private car” cases instead of the
“public transport” cases. The results of the tests for all the three final models indicated that the
ITA assumption was not violated.

Preliminary models

Model 1: only Model 2: only
Environmental Psychological

Model 3: only Model 4: only
Independent Mobility |§ Socio-demographic

Only those variables with a trend toward a significant relationship (p<0.10) were selected

Final models for each town (3) | & Final general model (1)

Figure 3.12 A simple illustration of the model making process
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Figure 3.13 Analysis model used for developing the conditional logit models of each town and the general model
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Figure 3.14 Preliminary models’ results of each town, left to right: pink for Toyoyama, green for Minamiise, and blue for Kiso; insignificant variables are highlighted in grey
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Figure 3.15 Preliminary models’ results for developing the general model; insignificant variables are highlighted in grey
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3.8 Assumptions & Limitations

The subject of this research and its target audience introduced opportunities and
challenges in different parts of the research, from design to data collection and analysis.
Furthermore, the Covidl9 outbreak, with its burdens on children’s mobility, negatively
affected the data collection. In data collection/analysis, we mentioned some of the assumptions
of the study, which are as follows:

e Active modes of transport (walking and cycling) are not differentiated in this study and
taken into account as one group both in the data collection and analysis

e We did not differentiate the mode choice between going to a place and returning from it

e For classifying the transport mode groups in students’ reported trips, we assumed that the
main mode of the trips made with walking/cycling and the car is the private vehicle; and the
main mode of the trips realized by public transport and the car was assumed to be public
transport

e The definition of the underlying theory in the data analysis method (utility theory in
McFadden’s choice model) was adapted to this study’s unique characteristics

The pandemic-imposed limitations on this research, especially in the data collection
phase, might have adversely affected the results. These limitations have been discussed in
detail in the data collection section. To summarize, the followings are the main limitations:

¢ Because of the pandemic, collecting the current data was not an option, and we had to rely
on young adolescents’ memory of the past (sometime before the start of the pandemic) in
this study. Some details had to be excluded from the travel diaries (e.g., weather)

e Due to the difficulties in data collection, the survey was not conducted in all three case
studies simultaneously. Therefore, not the same timeframe was used for reporting the non-
school trips, and in one town, children were asked to report their trips during the pandemic
(close to a normal situation in that town).

e The hybrid modeling methods (structural equation modeling) probably were more suitable
for developing one single model, comparing the case studies. However, such methods could
not be used due to the researcher’s reliance on the available software for the data analysis
and her limited experience/expertise in generating the mathematical equations from scratch.
Therefore, separate conditional logit models were generated for each town, and one general
model was developed to gain a more comprehensive perspective.

e Trip distance, and public transport service quality were not included in this study.

e Objective built-environment features such as density and traffic safety were not used.

3.9 Summary

Chapter 3 has covered the methodology of the current research, including a wide range
of topics. In the beginning and after the research design, case studies were introduced, and the
sampling and ethical review process were described. Next, the measures used in the
questionnaires were explained (based on the theoretical framework presented at the end of
chapter 2), and more elaboration was provided regarding the design and template of the travel
diary. Following the mentioned items and the data collection, the data analysis method was
explained, and the steps taken in the data analysis procedure of the current study were identified
and described. Finally, the limitations and assumptions of the research were mentioned.
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Chapter 4: Results



4.1 Introduction

This chapter consists of two main sections, namely descriptive and choice models, in
which the outcome of the quantitative survey will be reported. In the part of the descriptive
statistics, sample characteristics will be displayed for each case study. Following the
description of the questionnaires’ data (categorical and continuous), the correlations between
the variables will be reported, making it possible to see the relationship between students’
answers and their caregivers’ responses. Then, travel diaries’ data will be presented and
discussed in terms of the specific criteria of non-school trips made with the three categories of
transport options in each case study. In the second section, the results of the choice models will
be reported and described with the help of the exponentiated estimates and predictive margins
regarding the effects of variables on mode choice in the four categories of a) environmental, b)
psychological, c¢) independent-mobility, and d) socio-demographic.

4.2 Descriptive Statistics
4.2.1 Participants’ Demographic and Independent Mobility Characters

Upon considering the quality of the collected data, all the questionnaire sets were
appraised, and finally, 173, 143, and 171 valid sets from the junior high schools in Toyoyama,
Minamiise, and Kiso town were selected for the data analysis. Summary of the general
characteristics of the sample (mainly categorical variables) collected from students and their
caregivers in the questionnaires are presented in Table 4.1 for each of the case studies. The
data in table 4.1 suggests that a relatively similar number of male and female respondents were
taken into account for the data analysis (apart from Minamiise, in which the data on young
adolescents’ gender could not be collected). However, the share of the participants’ enrolling
grades is not as homogenous as the gender. The highest share of responses was received from
1t graders in Toyoyama (41.6 %) and 3™ graders in Kiso (41.5%), whereas in Minamiise, the
three grades accounted for a relatively similar share. Table 4.1 also illustrates that almost all
the respondents (96%) in Toyoyama owned a bicycle. The share of bicycle ownership declines
as the town’s size increases, with Kiso town representing the lowest share (78%). The sample
of this research in Toyoyama and Minamiise reported around 80% of smartphone/cellphone
ownership. Surprisingly, only 40% of the students in Kiso town had a smartphone/cellphone.
Similar differences were observed in students’ plans for their future. Most junior high school
students in Toyoyama and Minamiise reported having plans to pursue their educational/career
goals out of their hometown after graduating from junior high school. However, around 70%
of the students in Kiso town envisioned their future to happen inside their hometown.

The data on household characters reported by caregivers (primarily mothers) show that
most of the students (60% and above) belonged to households comprised of two parents and
children where at least one of the parents were in their 40s. In Toyoyama and Kiso, more than
half of the young adolescents were from households owning two private vehicles. In
Minamiise, however, a little over 50% of the households owned three or more cars. In
Toyoyama, students were mainly from a two-child family, whereas in Minamiise and Kiso,
families with two and three children were most common. Caregivers’ occupations were almost
similar in Minamiise and Kiso (the most reported occupations were full-time and part-time
employment). In Toyoyama, though, around half of the caregivers reported working part-time.
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Table 4.1 Summary of categorical independent variables (sample size in Toyoyama, Minamiise, and Kiso town
are N=173, N=143, and N=171, respectively) (sample characteristics in grey highlight are not used in the data
analysis)

Socio-demographic characteristics (Young

Adolescents/Caregivers) Toyoyama Minamiise Kiso
Gender (% female) 49.1 - 45.6
(% 1st grade) 41.6 35 34.5
Grade (% 2nd grade) 26 35.7 22.8
(% 3rd grade) 31.2 28.7 41.5
Living (% Toyoyoma/ Shinei/Shimizu) 37.6/27.7/33.5
district (% Nansei/Nantou) 60.1/39.9
(% Fukushima/Hiyoshi/Mitake/Kaida) 55/24/7.5/10.5
Having elder siblings (%) 43.9 56.6 55.6
Having elder siblings who study or work out of town (%) 32.9 45.5 24.6
Bicycle ownership (%) 96 82.5 78.9
Cellphone/Smartphone ownership (%) 83.8 80.4 40.4
Access to the Internet on the phone (%) 80.3 80.4 39.8
Future plan (% work/study out of town) 80.3 80.4 28.7
(% work/study inside the town or others) 19.7 19.6 71.3
Respondent’s relation to the child (% mother) 89 86 81.3
Caregivers’ (% less than 40) 20.2 23.1 13.5
age (% between 40 and 50) 72.8 62.2 67.8
(% over 50) 6.9 14.7 18.7
(% parents, children) 75.7 60.8 63.7
% parents, grandparent/s, children) 9.8 24.5 21.6
Houschold E% Eingle pagrent, Ic)hildren) 10.4 49 8.8
(% single parent, grandparent/s, children) 4 9.8 5.8
(% full-time, employee) 26.6 49 45.6
Caregivers’ (% part-time, employee) 49.7 36.4 40.4
occupation (% full-time, self-employed) 15 7 9.4
(% full-time homemaker or unemployed) 8.7 7.7 4.7
(% one) 31.1 6.3 9.9
E:ﬁs‘ig‘i‘gy (% two) 56.6 42.7 57.9
(% three or more) 11.6 51 32.2
No. of (% one) 12.7 12.6 9.4
children/ (% two) 59 46.2 43.3
household (% three or more) 28.3 41.3 474
Independent Mobility (IM)
IM distance (% home neighborhood) 0 16.8 0
(Students’ (% §chool neighborhood) 16.8 32.2 19.3
response) (% inside the town) 26.6 27.3 41.5
(% out of town) 56.6 23.8 39.2
) (% home neighborhood) 0 11.9 9.9
izlafé;ir:;:, (% school neighborhood) 20.8 38.5 19.3
response) (% inside the town) 26.6 19.6 31
(% out of town) 52.6 30.1 39.8
} (% Allowance for Item 1) 90.2 88.1 90.6
ig/{ulél(gi:? (% Allowance for Item 2) 20.2 24.5 9.4
response) (% Allowance for Item 3) 72.8 65.7 26.3
(% Allowance for Item 4) 55.5 86.7 82.5
IM license (% Allowance for Item 1) 86.1 78.3 75.4
(Caregivers’ (% Allowance for Item 2) 17.9 11.2 11.1
response) (% Allowance for Item 3) 69.9 49.7 22.2
(% Allowance for Item 4) 57.2 79.7 78.9
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Table 4.1 also reveals important information about students’ independent mobility
licenses. To better visualize the trend, we added the dimension of age (enrolling grade) to the
criteria of independent mobility in the three case studies and illustrated the results in the
following Fig. 4.1 and Fig. 4.2. The illustrations demonstrate students’ responses to the items
of independent mobility (license and distance) differentiated by their enrolling grade at the
junior high schools. In Fig. 4.1, each item of the independent mobility license is represented
by one particular color (blue for item 1, red for item 2, green for item 3, and brown for item 4).
Case studies are demonstrated by distinctive line types (square dot for Toyoyama, solid for
Minamiise, and long dash-dot for Kiso).

Although inconsistent, the plots show that the older young adolescents get, they perceive
more consent over their independent mobility. More than 80% of the students believed they
could go to different places on foot alone (item 1). Fig. 4.1 also shows that relatively fewer
students could go out alone at night (item 2), and students in Kiso have the lowest consent rate
for this item among the three case studies. Additionally, Kiso town stands in the last place with
a vast difference from the other two case studies regarding young adolescents having the
consent for cycling on main roads (item 3). Such patterns observed in Kiso can be justified
considering its size and geographical features. Regrading using the town bus independently,
participants in Minamiise stand first, followed by students in Kiso and Toyoyama.

----- Item 1 (Toyoyama)

100 we [tem 1 (Mmnamuse)
) == Item 1 (Kiso)
L aaaans .\....__LH.-__,-,"‘_,»—'-‘“‘ ..... Item 2 (Toyoyama)
=== Item 2 (Mimnamuse)
g o e == Item 2 (Kiso)
= e et Item 3 (Toyoyama)
g | Dmeeelin e = [tem 3 (Minamise)
96’ / ______ : == [tem 3 (Kiso)
'; 60 Item 4 (Toyoyama)
5 Item 4 (Minamuse)
§ Item 4 (Kiso)
£ Allowed to go to
£
& 40 — places other than the school
£ Rt within walking distance alone
5
R Item 2: Allowed to go out
% 20 alone after dark
& Item 3: Allowed to cycle on
& m o mm e mm e e main roads
0
Item 4: Allowed to use the

1st grade 2nd grade 3rd grade town bus alone

Figure 4.1 Independent mobility license range in the case studies (reported by students)

Fig. 4.2 shows the prevailing pattern of the license for independent mobility distance
perceived by students in the three grades. Each color represents one enrolling grade at the junior
high schools (blue for 1% graders, pink for 2" graders, and purple for 3™ graders). Filling
patterns have been utilized to show the differences among the case studies (solid for Toyoyama,
dotted for Minamiise, and diagonal stripes for Kiso). A quick look at the bar graph shows that
most 1% graders thought they were allowed to travel independently as far as destinations inside
their hometown, with 1% graders in Kiso town having the highest share. Compared to 1%
graders, 2" graders seem to think that they could travel to farther destinations independently.
Most of the 2" graders in Toyoyama (over 60%) thought they had the consent to travel to
destinations out of their hometown. However, in Minamiise, the highest share for 2" graders
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belongs to in-town trips (around 50%). Among the three grades, 3™ graders reported the highest
share of “out of the hometown” perceived independent mobility distance, with the students in
Toyoyama and Kiso towns accounting for the highest percentages (over 70% and 60%,
respectively).

80 [ Gradel (Toyoyama)

_ B Gradel (Minamise)
P Grade1 (Kiso)
[ Grade?2 (Toyoyama)
B8 Grade2 (Minamise)
B Grade? (Kiso)
[JGarde3 (Toyoyama)
Grade3 (Minamiise)
Grade3 (Kiso)

Share of the responses %

Home School Inside Town Outside Town
Neighborhood Neighborhood

Figure 4.2 Independent mobility distance in the case studies (reported by students)

4.2.2 Participants’ Responses to Environmental and Psychological Factors

A summary of all the environmental and psychological measures are demonstrated in
Tables 4.2, 4.3, and 4.4 for Toyoyama, Minamiise, and Kiso, respectively. The variables are
divided into two main classifications: case-specific (constant among each case) and alternative-
specific variables (different values for each alternative, namely WC, PT, and Car). Since both
students and their caregivers provided answers for the psychological variables, the target
respondents are differentiated in the tables. Given that scales were used for measuring the
environmental/psychological variables, the internal consistency of the scales was assessed by
the value of Cronbach’s o with 0.5 taken as the cut-off. Variables with an internal consistency
over 0.5 were kept as a scale. Otherwise, the mean value was calculated for each scale item,
and they were used individually (not as a scale) in the data analysis. Social modeling, norm,
and support in Toyoyama and social modeling, and norm in Minamiise and Kiso are among
the scales with low internal consistency. In the lower half of the tables, mean values of the
individual components of social modeling, norm, and support are shown.

Comparing the tables, it is evident that students in Toyoyama perceived their
environment to be safer and more suitable for walking/cycling, which affected their belief
toward their capability in choosing walking/cycling over the car. Young adolescents’
perception of the self-efficacy for using public transport over the car shows similar situation in
the three towns. Surprisingly, the scores reported by students for the self-efficacy of using
public transport is a little higher than what their caregivers believed about the same topic.
Furthermore, students in the three case studies associated similar share of benefits to all
transport modes. In contrast, “private car” had the lowest scores of perceived barriers in all
three towns. “Walking/cycling” had the highest values of perceived barriers in the case studies.
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Table 4.2 Summary of psychological and environmental measures in Toyoyama (sample size N=173)

Variables Components Target Response category  Cronbach’s a 1\(/18%1;1
Scales
Case-specific variables
Environmental
Neighborhood safety 9 items Students five-point scale * .595 3.58 (.60)
Places for WC 3 items Students five-point scale * .626 3.42 (.92)
Psychological
Self-efficacy
. Students . b .870 3.49 (1.02)
WC over CAR 7 items Carcgivers five-point scale 011 330 (1.22)
. Students . b .968 2.63 (1.44)
PT over CAR 7 items Caregivers five-point scale 974 2.02(139)
Alternative-specific variables
Psychological
Perceived benefits
WC 8 items 775 4.10 (.63)
PT 10 items Students five-point scale® .847 3.92 (.74)
Car 6 items .699 4.35 (.63)
Perceived barriers
WC 9 items .809 4.01 (.73)
PT 10 items Students five-point scale® .846 3.33 (.83)
Car 6 items 693 3.07 (.69)
Social Modeling
WC 3 items 436
PT 3 items gzlr(ie?gr five-point scale ° 490
Car 3 items & .200
Social Norm
WC 3 items .561
PT 3 items gzlr(ie?gr five-point scale ¢ 447
Car 3 items £ 391
Social support
WC 3 items Sl
PT 3 items izie?:fz/r five-point scale ¢° 728
Car 3 items & 402
. Mean (SD)
Variables Components  Target Response category WC PT Car
Components of Social Modeling/Norm/Support
Alternative specific variables
. caregivers 3.38 (1.42) 1.90 (1.11) 4.68 (.56)
i;;ilzm friends Students 0 point scale © 4.49 (65) 206 (1.20)  3.66 (1.02)
g caregivers Caregivers 2.29 (.77) 1.26 (42) 4.27 (97)
. caregivers 4.08 (.98) 3.18 (.79) 3.29 (.87)
i‘f;’;l friends Students 0 point scale 3.98 (97) 332(82)  3.43(87)
children Caregivers 4.31 (.90) 3.17(92) 3.06 (.65)
. caregivers 2.36 (.85) 2.17 (.94) 3.37(.83)
f;c";lrt friends Students 0 ointscale®  3.90(89)  2.10(1.06) 243 (1.03)
PP children Caregivers 3.46 (.83) 2.08 (.92) 3.51 (.84)

WC: Walking/Cycling, PT: Public Transport

* five-point scale from 5 (I think so) to 1 (I do not think at all)

® five-point scale from 5 (I/my child was able to do it without problems) to 1 (I/my child could not do it at all)

¢ five-point scale from 5 (Almost every day) to 4 (at least once a week), 3 (at least once a month), 2 (at least once
a year), and 1 (I did not use it at all)

4 five-point scale from 5 (I felt like they wanted me to use it) to 1 (I felt like they did not want me to use it at all)
¢ five-point scale from 5 (always recommended) to 1 (not recommended at all)
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Table 4.3 Summary of psychological and environmental measures in Minamiise (sample size N=143)

Variables Components  Target Response category  Cronbach’s a 1\(/18%1;1
Scales
Case-specific variables
Environmental
Neighborhood safety 7 items Students five-point scale * .528 2.60 (.62)
Places for WC 3 items Students five-point scale * .618 2.74 (.92)
Psychological
Self-efficacy
. Students . b 910 2.98 (1.22)
WC over CAR 7 items Carcgivers five-point scale 935 243 (121)
. Students . b 951 2.56 (1.45)
PT over CAR 7 items Caregivers five-point scale 964 1.97 (1.27)
Alternative-specific variables
Psychological
Perceived benefits
WC 8 items 857 4.24 (.65)
PT 10 items Students five-point scale® .837 4.12 (.62)
Car 6 items .845 4.60 (.47)
Perceived barriers
WC 9 items 877 3.92 (.82)
PT 10 items Students five-point scale® .877 3.04 (.91)
Car 6 items .790 2.94 (.83)
Social Modeling
WC 3 items 294
PT 3 items izie?:fz/r five-point scale ° 256
Car 3 items £ 195
Social Norm
WC 3 items 510
PT 3 items izie?:fz/r five-point scale ¢ 593
Car 3 items £ 466
Social support
WwC 3 items .652 3.08 (.77)
PT 3 items izie?:fz/r five-point scale ¢° 703 2.31(.78)
Car 3 items g 519 3.41 (.59)
. Mean (SD)
Variables Components  Target Response category WC PT Car
Components of Social Modeling/Norm/Support
Alternative specific variables
. caregivers 2.12 (1.50) 1.36 (.68) 4.82 (.38)
i;(%lzm friends Students 0 point scale © 436(74)  2.57(145) 404 (69)
g caregivers Caregivers 1.41 (.69) 1.03 (.23) 4.71 (.39)
. caregivers 3.94 (.99) 3.51(91) 3.25 (.93)
i‘f;’;l friends Students 0 point scale 3.57(87) 331(82)  3.45(86)
children Caregivers 4.03 (1.22) 3.59 (1.16) 3.17 (.89)
. caregivers 2.96 (1.02) 2.24 (91) 3.58 (.77)
f;c";lrt friends Students 0 ointscale®  339(95)  247(L13)  3.00(95)
PP children Caregivers 2.88 (1.04) 2.22 (.89) 3.65 (.76)

WC: Walking/Cycling, PT: Public Transport

* five-point scale from 5 (I think so) to 1 (I do not think at all)

® five-point scale from 5 (I/my child was able to do it without problems) to 1 (I/my child could not do it at all)

¢ five-point scale from 5 (Almost every day) to 4 (at least once a week), 3 (at least once a month), 2 (at least once
a year), and 1 (I did not use it at all)

4 five-point scale from 5 (I felt like they wanted me to use it) to 1 (I felt like they did not want me to use it at all)
¢ five-point scale from 5 (always recommended) to 1 (not recommended at all)
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Table 4.4 Summary of psychological and environmental measures in Kiso (sample size N=171)

Variables Components Target Response category  Cronbach’s a 1\(/18%1;1
Scales
Case-specific variables
Environmental
Neighborhood safety 6 items Students five-point scale * 510 2.22 (.59)
Places for WC 3 items Students five-point scale * .665 2.70 (1.00)
Psychological
Self-efficacy
. Students . b .909 2.68 (1.11)
WC over CAR 7 items Carcgivers five-point scale 914 2,17 (1.07)
. Students . b 953 2.69 (1.45)
PT over CAR 7 items Caregivers five-point scale 967 1.83 (1.07)
Alternative-specific variables
Psychological
Perceived benefits
WwC 8 items 851 4.17 (.67)
PT 10 items Students five-point scale® .836 4.10 (.64)
Car 6 items .838 4.18 (.67)
Perceived barriers
WwC 9 items 878 3.95(73)
PT 10 items Students five-point scale® .864 2.67 (.80)
Car 6 items 768 2.94 (.67)
Social Modeling
WC 3 items 294
PT 3 items izie?:fz/r five-point scale ° 256
Car 3 items £ 195
Social Norm
WC 3 items .638
PT 3 items izie?:fz/r five-point scale ¢ .602
Car 3 items £ 435
Social support
WwC 3 items .690 2.89 (.84)
PT 3 items izie?:fz/r five-point scale ¢° 679 2.29 (.79)
Car 3 items g 577 3.25 (.62)
. Mean (SD)
Variables Components  Target Response category WC PT Car
Components of Social Modeling/Norm/Support
Alternative specific variables
. caregivers 1.83 (1.25) 1.38 (.66) 4.85 (.35)
i;;ilzm friends Students 0 point scale © 4.41 (79) 336(1.62)  429(.75)
g caregivers Caregivers 1.37 (.54) 1.15 (.30) 4.79 (.35)
. caregivers 4.05 (1.03) 3.44 (97) 3.12 (91)
i‘f;’;l friends Students 0 point scale 3.53 (96) 32577 3.36(68)
children Caregivers 3.94 (1.09) 3.73 (.87) 3.00 (.66)
. caregivers 2.82 (1.06) 2.27 (.95) 3.43 (.84)
fsc";’rt friends Students 0 ointscale  3.06(1.12)  2.38(118) 255 (1.04)
PP children Caregivers 2.79 (1.02) 2.23 (.86) 3.77 (.60)

WC: Walking/Cycling, PT: Public Transport

* five-point scale from 5 (I think so) to 1 (I do not think at all)

® five-point scale from 5 (I/my child was able to do it without problems) to 1 (I/my child could not do it at all)

¢ five-point scale from 5 (Almost every day) to 4 (at least once a week), 3 (at least once a month), 2 (at least once
a year), and 1 (I did not use it at all)

4 five-point scale from 5 (I felt like they wanted me to use it) to 1 (I felt like they did not want me to use it at all)
¢ five-point scale from 5 (always recommended) to 1 (not recommended at all)
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Looking at the mean values for individual items of social modeling/norm/support,
sometimes a significant difference can be observed between students’ perception of their
caregivers’ travel-related behavior/attitudes and the response of their caregivers toward the
same thing. Furthermore, students’ perception toward the travel behavior of their friends and
caregivers seems to be very different, which must have been another reason for the observed
low internal consistency among the mentioned scales. The mean values for social modeling
suggest a high tendency toward using the car among students’ caregivers and friends in nearly
all the case studies. Although the frequency of using public transport among caregivers is
minimal, caregivers’ expectations of their children for using it are higher. Also, the data suggest
that young adolescents think their caregivers expect them to use public transport more than the
actual expectation of their caregivers. Surprisingly, the social support for using public transport
does not match the social norm (expectation is higher than the received support).

4.2.3 Correlations Between Students’ and Caregivers’ Responses

As mentioned before, this research studies the factors affecting young adolescents’ travel
behavior, particularly mode choice, by considering students’ and their caregivers’ points of
view about independent mobility extent, psychological/environmental variables, and
household characteristics. Both of the target respondents (students and their caregivers)
reported the psychological and independent mobility variables. Correlation analysis makes it
possible to see the associations between students’ and their caregivers’ responses about the
same item and compare them. Tables 4.6, 4.7., and 4.8 demonstrate the significant Pearson (for
continuous variables) and Spearman’s rho (for ordinal variables) correlation coefficients
among the pair-wise (students vs. caregivers) psychological and independent mobility
variables in Toyoyama, Minamiise, and Kiso, respectively. It is noteworthy that due to the high
number of variables, it was impossible to report all the significant correlations. Also, no
collinearity was seen among the continuous variable (all coefficients were less than 0.7).

Table 4.5 Significant correlations among the pair-wise (students vs. caregivers) psychological and independent
mobility variables in Toyoyama

Pearson (correlation coefficients)

Caregiver
SE-WC SE-PT SM-WC SN-PT SS-PT
SE-WC 341%*
2 | SE-PT 327
< | SM-WC -.182%
& [ SN-PT 199%*
SS-PT 315%*
Spearman’s rho (correlation coefficients)
Caregiver
IM-Distance IM-License2 IM-License3 IM-License4
» | IM-Distance A413%**
_q§ IM-License2 365%*
2 | IM-License3 166**
“ | IM-License4 378**

WC = Walking/Cycling, PT = Public Transport, IM = Independent Mobility

SM = Social Modeling, SN = Social Norm, SS = Social Support, SE = Self-Efficacy
**_Correlation is significant at the 0.01 level (2-tailed)

*_ Correlation is significant at the 0.05 level (2-tailed)
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Table 4.6 Significant correlations among the pair-wise (students vs. caregivers) psychological and independent

mobility variables in Minamiise

Pearson (correlation coefficients)

Caregivers

SE-WC | SE-PT

SM-WC

SM-Car

SN-WC

SN-PT

SS-WC

SS-PT

SE-WC 266%*

SE-PT 309**

SM-WC

A77*

SM-Car

A173%

SN-WC

Students

259%*

SN-PT

263**

SS-WC

.289

kk

243%*

SS-PT

Spearman’s rho (correlation coefficients)

Caregivers

IM-License2

IM-License3

IM-License4

IM-License2 211*

IM-License3

275%*

Students

IM-License4

315%*

WC = Walking/Cycling, PT = Public Transport, IM = Independent Mobility
SM = Social Modeling, SN = Social Norm, SS = Social Support, SE = Self-Efficacy
**_Correlation is significant at the 0.01 level (2-tailed)
*_ Correlation is significant at the 0.05 level (2-tailed)
Table 4.7 Significant correlations among the pair-wise (students vs. caregivers) psychological and independent

mobility variables in Kiso

Pearson (correlation coefficients)
Caregiver
SE- SE- SM- SM- SN- SN- SS- SS- SS-
WC PT WC Car WC PT WC PT Car
SE-WC 242%*
SE-PT 355%*
SM-WC 280**
2 | SM-Car 230*
< | SN-WC 311%%
£ SN-PT 331+
SS-WC 355%*
SS-PT 286%*
SS-Car 198**
Spearman’s rho (correlation coefficients)
Caregiver
IM-License4

IM-Distance

IM-Licensel

IM-License2

IM-License3

IM-Distance .590**

IM-Licensel

.190*

IM-License2

.206%**

IM-License3

Students

287**

IM-License4

A77*

WC = Walking/Cycling, PT = Public Transport
SM = Social Modeling, SN = Social Norm, SS = Social Support, SE = Self-Efficacy

IM = Independent Mobility

**_Correlation is significant at the 0.01 level (2-tailed)
*_ Correlation is significant at the 0.05 level (2-tailed)
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Except for Toyoyama, most of the reported data by young adolescents and their
caregivers (about the same subject) were positively correlated in Minamiise and Kiso.
Regarding psychological variables, a correlation was seen between all the responses of students
and their caregivers for the measures of self-efficacy (WC or PT over the car). The lack of
association for some of the other psychological variables reveals a mismatch between students’
perceptions and caregivers’ thoughts. The only negative correlation was seen between students’
perception about their caregivers’ frequency of walking/cycling use and their caregivers’ actual
use of these modes in Toyoyama. Such a pattern demonstrates a mismatch between students’
perception and the reality for the social modeling variable.

4.2.4 Characteristics of the Reported Non-School Trips

Young adolescents reported 798, 613, and 720 non-school trips (in total 2131) in
Toyoyama, Minamiise, and Kiso town, respectively (none of the few reported school trips were
included in the analysis). 28.2% of the reported trips were made either with walking or cycling.
83.4% of these trips were realized independently (alone or having friends as companions).
Public transport trips comprised 10.9% of all the reported trips, out of which 76.4% were done
independently. Such data suggest that public transport and active modes are the main options
for making unsupervised non-school trips.

The modal split is illustrated in Fig. 4.3, revealing the current situation in utilizing
transport options. Toyoyama proves itself as the most walking/cycling-friendly among the case
studies, with around 45% of all the trips made with active modes of transport (color green).
Still, around 48% of young adolescents’ non-school trips are realized with the private car (color
yellow) in Toyoyama. However, active modes and public transport (color blue) account for a
little over half of the modes used for students’ non-school trips. Minamiise and Kiso towns’
patterns are almost similar, with around one-third of the trips realized with active modes and
public transport. The highest share of mode use goes to the private car category in both towns.

Compared to Toyoyama, a small town with a semi-urban fabric, Minamiise and Kiso are
larger and more rural. There is a direct relationship between the size of the built environment
and the trip distance, which might explain the high shares of car use in Minamiise and Kiso.
Also, hilly terrains in Minamiise and Kiso could be a constraint for realizing walking/cycling
trips compared to Toyoyama, which represents a relatively flat environment. The share of
public transport non-school trips in Minamiise and Kiso are almost twice the share of such trips
in Toyoyama, which could be rationalized by considering the specific characteristics of rural
areas. Besides, junior high school students in Minamiise and Kiso do access a free town bus
pass.

The data already showed a high share of car ownership by the households in the three
case studies, which is reflected in the caregivers’ frequent use of cars in their daily trips. These
car-dependent households (a notable character of such areas) also affect young adolescents’
modal splits. Needless to say, the infrequent public transport service in the case studies also
makes the private vehicle a more convenient mode of transport. Fig. 4.3 shows that most
students’ non-school trips in Minamiise and Kiso are made with the private car. According to
the 2015 person-trip survey in Japan (Ministry of Land Infrastructure Transport and Tourism
(MLIT), 2015), 10-19-year-olds living in regional areas of Japan use private vehicles more
than those living in urban areas.
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Figure 4.3 Modal split of reported non-school trips among young adolescents in the case studies

As previously mentioned in the methods, students reported different features of their non-
school trips in the travel diaries. Apart from the used mode/s, data on other characteristics such
as trip origin and destination, time, purpose, and accompanying persons for each trip were
collected. According to Table 4.5, a little over half of the trips were bound for destinations
inside Toyoyama and Minamiise. This share is relatively higher in Kiso (over 60%), indicating
that around two-thirds of the destinations of students’ trips were located inside Kiso town.
Taking a closer look at the realization time of the trips in the three case studies, we can see that
more than two-thirds of the trips were made on weekends. Lack of enough free time during
weekdays for daily trips and the possibility of more family trips on weekends (usually with the
private car) may have led to this pattern. Also, it seems that as the size of the town increases,
young adolescents’ non-school trips on weekdays decreases.

Table 4.8 Summary of trip features in Toyoyama, Minamiise, and Kiso town are 789, 613, and 720,

respectively)
. Toyoyama Minamiise Kiso

Trip features 79)275 Zrips 613 trips 720 trips
Out of town (%) 46.2 47.8 37.4

Destination In town (%) 53 52.2 62.5
Missing values (%) .8 - A
Weekdays (%) 333 27.1 21.9

Time Weekends (%) 61.8 70.8 76.9
Missing values 4.9 2.1 1.1
Productive (%) 19.4 15.3 13.5

Purpose Leisure (%) 54 53.7 44 .4
Maintenance (%) 26.1 29.9 41.1
Missing values (%) .5 1.1 1
Supervised (%) 52.1 64.6 68.6

Trip companion Unsupervised (%) 45.7 354 314
Missing values (%) 2.1 - -
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Fig. 4.4 illustrates the differences in trip time based on the use of different modes in
Toyoyama, Minamiise, and Kiso. Although relatively distinctive patterns are seen among the
modes, the overall situation for each mode in the towns are pretty similar. The yellow color
representing weekend trips is the most dominant in all the categories, especially public
transport, compared to the blue color representing weekday trips. Even though the share of
weekend trips is still greater than weekday trips for walking/cycling and car trips, it seems that
active modes of transport are popular among young adolescents for traveling on weekdays.
Given the fact that car trips account for most of the used modes of students’ non-school trips,
the percentage of weekday trips (although smaller than weekend trips) is still substantial.

Walking/Cycling Public Transport Car -

TripTime

B Weekdays

Weekends

M Not answered
Toyoyama
Minamiise
Kiso

Figure 4.4 Trip time for walking/cycling, public transport and the car in the study areas

Fig. 4.5 illustrates the patterns in students’ non-school trips based on the trip destinations
in the three case studies of this research. Interestingly, the patterns represented among the
towns are quite different. Toyoyama is the only town where 15% of the walking/cycling
(probably cycling) trips were bound for a destination outside of students’ hometown. This share
is tiny in Minamiise and negligible in Kiso town.

The destination pattern of public transport trips in the three case studies shows distinctive
differences. In Toyoyama, almost no trip was made with public transport for reaching a
destination inside the town. On the contrary, in Minamiise around 80% of the public transport
trips were bound for the destinations inside the town. Surprisingly, the destination types (inside
and out of the town) for public transport trips comprised almost similar shares in Kiso town.
Students’ non-school trips made with private cars represent identical patterns in Toyoyama and
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Minamiise. Around 65% of the car trips were made for getting to destinations located out of
the town. However, in Kiso, the percentages of inside and outside destination categories are
approximately the same.

‘Walking/Cycling Public Transport Car Destination

W Inside
M Outside
M Not answered

Toyoyama
98.33%
84.83%)
Minamiise
Kiso 54.60%

Figure 4.5 Share of different trip destination for walking/cycling, public transport and the car in the study areas

Fig. 4.6 portrays the differences between the three main categories of transport modes in
accommodating different activities of young adolescents. Walking/cycling trips demonstrate a
similar trip purpose pattern in the three case studies. Fig. 4.6 shows that around two-thirds of
the walking/cycling trips are for leisure activities; the remaining one-third is divided almost
equally between the other two categories of trip purposes, namely productive and maintenance.
Among the three study areas, car trips are primarily used for fulfilling leisure and maintenance
activities. Still, around 20% of the trips are dedicated to productive purposes (such as attending
the cram school, etc.) in Toyoyama and Minamiise. Maintenance trips drop to approximately
10% in Kiso in favor of maintenance activities (such as shopping).

The share of trip purposes for public transport trips is quite different in Toyoyama,
Minamiise, and Kiso. Although in all the three case studies, the highest percentage of trip
purposes for public transport trips belong to leisure activities, only in Minamiise 90% of
children’s non-school trips with public transport were for leisure purposes. In Toyoyama,
approximately 30% of the public transport trips were made for fulfilling maintenance purposes,
standing in the second place after leisure activities. A different situation is seen in Kiso, where
productive activities come after leisure activities with a slight difference. In Kiso, the shares of
recreational and productive activities made with public transport are almost similar with 41.3%
and 35.6%, respectively.
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Figure 4.6 Share of different trip purposes for walking/cycling, public transport and the car in the study areas

‘Walking/Cycling Public Transport Car Companion
M Supervised
M Unsupervised
WNot answered

Toyoyama
Minamiise
Kiso

Figure 4.7 Share of different trip companions for walking/cycling, public transport and the car in the study areas
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Finally, Fig. 4.7 provides mode-specific information on the companions of students’ non-
school trips. The demonstrated patterns among the modes are almost similar in all the case
studies. Fig. 4.7 highlights that walking/cycling and public transport provide an opportunity
for primarily unsupervised trips, which was already mentioned at the beginning of this sub-
section. Interestingly, Toyoyama, as the most walking/cycling-friendly environment, has the
highest share of unsupervised active trips. However, this town also has the highest share of
supervised public transport trips among the case studies, which means that young adolescents
in the other two towns make more independent public transport trips. The Car trips are
completely supervised in both Toyoyama and Minamiise. Only in Kiso, 11% of students’ non-
school trips with the private vehicle were reported unsupervised, which could be due to two
reasons. Firstly, students did not report the companions accurately; secondly, they may have
considered their trips by taxi as unsupervised car trips.
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4.3 McFadden’s Discrete Choice Model (conditional logit)

4.3.1 Toyoyama Analysis Model Results (category: small-sized, suburban)

Model fitting information included the value (-628.34) for log-likelihood, a significant
chi-square value of (116.84) for the likelihood ratio test, and a value of (0.10) for McFadden
R square, which is a reasonably good fit. Table 4.9 summarizes this model’s exponentiated
coefficients (odds ratios and relative risk ratios) in which only the significant variables are
shown. For a full report on the model’s estimates (logit values and odds ratios/relative risk
ratios), see Appendix C.

Table 4.9 The estimated results (exponentiated coefficients) of the choice model in Toyoyama town (only the
significant estimates are shown)

Conditional logit choice model (Toyoyama) No. of observations 2316

Wald chi? (40) 116.84 No. of cases 772
Log-likelihood  -628.34 Prob>chi?  0.00 Alternatives per case 3

Variables Odds ratio std. err. z P>|z| [95% conf. interval]

Alternative-specific variables

Psychological

Social Modeling of caregivers 114 06 252 0012 1.03 1.26

(students)

Social Norm from caregivers 1.20 09 244 0015 1.03 1.38

(caregivers)

Variables l.lelatlv.e Std. err. z P>z [95% conf. interval]
risk ratio

Case-specific variables
Public Transport (PT) estimates (base alternative: CAR)
Psychological

Self-Efficacy “PT over CAR”
(caregivers)
Independent Mobility (IM)

IM license (base: not allowed to do) (caregivers)

1.41 17 2.88 0.004 1.11 1.77

2: Allowed to go out after dark 29 16 -2.27 0.023 .10 .85
3: Allowed to cycle on main 2.56 115 210 0.036 1.06 6.16
roads

Socio-demographic

Living district (base: Shimizu elementary school district)
Toyoyama elementary school 3.07 1.27 2.71 0.007 1.36 6.89

Shinei elementary school

Caregivers’ age (base: over 50)

Less than 40
40-50 22 A1 -3.00 0.003 .08 .59
Number of cars/household (base: one)
Two
Three or more 4.17 2.86 2.08 0.037 1.09 15.98
Number of children/household (base: one)
Two 4.17 241 247 0.013 1.34 12.96
Three or more
cons .04 .05 -2.34 0.019 .00 .59
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Relative

Variables . . Std. err. z P>|z| [95% conf. interval]
risk ratio

Walking/Cycling (WC) estimates (base alternative: CAR)

Psychological

Self-Efficacy "WC over CAR 1.20 11 2.10 0.036 1.01 1.43

(students)

Self-Efficacy "PT over CAR 1.26 08 350 0.000 1.10 1.43

(caregivers)

Socio-demographic

Female (base: male) .55 .10 -3.35 0.001 .39 78
Living district (base: Shimizu elementary school district)
Toyoyama elementary school 1.58 .33 2.20 0.028 1.05 2.38

Shinei elementary school

Household construct (base: single parent and children)
Parents and children
Parents, grandparent/s,

children
C%Sgiznparem’ grandparent/s, 35 19 196 0.050 12 1.00
Number of cars/household (base: one)
Two
Three or more 2.57 1.04 2.34 0.019 1.16 5.69
Number of children/household (base: one)
Two 2.02 .56 2.54 0.011 1.17 3.47
Three or more
cons 27 .18 -1.92 0.055 .07 1.03

Only the variables with a significant relationship trend (p<0.10) in the preliminary steps were used in making
this final model.

For those variables reported by both students and their caregivers, the respondent is mentioned in parenthesis.
In the case of insignificant estimates for some of the levels of categorical variables, only the labels of the
insignificant levels are kept in the table for the sake of clarity.

Note: ° cons’ estimates baseline relative risk for each outcome.

As mentioned in subsection 3.7.2, since a conditional logit model is not linear, it is
difficult to interpret. Apart from the sign of the coefficients, nothing intuitive can be understood
from the value of the coefficients (logit values). The quantity of a coefficient is the amount that
the log of the odds ratio changes when the continuous predictor is increased by one unit, or
there is a discrete change from the base level of a categorical variable to other categories. Log
odds do not give us a tangible measure or the magnitude of the relation between the predictors
and outcome. Therefore, we used odds and relative-risk ratios (for categorical variables) to
understand better the relationship between the predictors and the choice of transport modes.

Although the exponentiated coefficients are easier to interpret, they do not provide us
with the magnitude of probabilities since they are a ratio. Hence, for understanding the causal
effect between the predictors and choices, it is necessary to calculate the probabilities based on
the changes in the predictors. To do this, we calculated “margins” for the significant variables
in the model. The average marginal effects are also calculated for this town (see Appendix C).
What follows is a report of the model results based on the interpretation of the exponentiated
coefficients and the calculated margins (not necessarily average marginal effects) for each
significant variable. It is noteworthy that apart from the main model results in the three case
studies, the insignificant estimates are highlighted in grey in the rest of the tables of the
predictive margins.
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4.3.1.1 The effects of psychological variables on mode choice

Starting from the alternative-specific variables, the logit model demonstrates that a one-
unit increase in the value of social modeling of caregivers (students’ perception about their
caregivers’ frequency of different mode use) increases the odds of mode choice by 1.14. A new
scenario was introduced to interpret the model results for this specific variable, and the
probability of mode choice was compared between the current and the new situation (for the
three main categories of transport modes). In this new scenario, we proposed a one-unit
increase for the usage frequency of walking/cycling and public transport by caregivers
(perceived by young adolescents) and a one-unit decrease for the frequency of car use. Social
modeling was reported on a 5-point Likert scale and assumed to be a continuous variable to
simplify the modeling. Therefore, one unit is quite symbolic, which interprets as more or less
frequent use than the current travel behavior.

Running the “margins” command in Stata results in the contents of Table 4.10 showing
the probability of each mode used by young adolescents in their non-school trips for the current
and new scenarios. Table 4.11 tells us about the significance of the differences between the
current and the new scenarios. These numerical results are depicted in Fig. 4.8. Looking at Fig.
4.8 and Table 4.11, we can trace the results of the new scenario (green color) in which the
probability (shown on the vertical axis) of car trips would decrease by 6%, and the likelihood
of public transport and walking/cycling trips would increase by 1% and 5% respectively.
Although all the differences are significant, the changes in the probabilities are small.

Predictive margins with 95% Cls Table 4.10 Pred@tlve margins for the current and new
@ scenarios of social modeling (Toyoyama)
0,
Margin std. 2 P>lz] [?5 % conf.
err. interval]
T _outcome# at
g CAR¥ current 47 02 2786 0000 44 .50
3 CAR# new 41 03 1488 0000 36 47
= PT# current 07 01 819 0000 .06 .10
E o PT# new 08 01 789 0000 .06 .10
WC# current 45 017 2685 0000 42 49
NG WC# new 50 02 1962 0000 45 55
ol Table 4.11 Contrast of the predictive margins for the
CAR PT wec current and new scenarios of social modeling
Transport mode
(Toyoyama)
[—0— Social Modeling=Current Social Modeling=New |
std.
Contrast z P>|z|

err.

Figure 4.8 An illustration of the predictive margins for _at@_outcome

N X (New vs. current) CAR -.06 .02 -2.58 0.010
social modeling (Toyoyama) (New vs. current) PT 01 .00 2.43 0.015
(New vs. current) WC .05 .02 2.58 0.010

Next, the logit model results for Toyoyama show that one unit increase in caregivers’
expectation of their children’s use of transport modes in their non-school trips raises the
likelihood of mode use by 1.2 times, which is a little more than social modeling. A similar
scenario was proposed for this variable to examine the magnitude of probabilities and compare
social norm and social modeling. In this new scenario, we proposed a one-unit increase in
caregivers’ expectations of their children to use walking/cycling (caregivers’ response) and a
one-unit decrease in the car use. Table 4.12 shows the probability of each mode being chosen
by young adolescents in their non-school trips for the current and new scenarios. Table 4.13
tells us about the significance of the differences between the current and the new scenarios.
The numerical results are depicted in Fig. 4.9.
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Predictive margins with 95% Cls

Table 4.12 Predictive margins for the current and new
scenarios of social norm (Toyoyama)

Margin

Pr(alt|1 selected)

2

4
|

T
CAR

PT
Transport mode

T
wcC

std.
err.

z

P>z

[95% conf.
interval]

_outcome# at
CAR# current

CAR# new
PT# current
PT# new
WC# current
WCH# new

47
.39
.07
.08
45
.52

.02
.03
.01
.01
.02
.03

27.86
11.24
8.19
7.64
26.85
16.51

0.000
0.000
0.000
0.000
0.000
0.000

44
32
.06
.06
42
46

.50
46
.09
11
49
.58

Table 4.13 Contrast of the predictive margins for the
current and new scenarios of social norm (Toyoyama)

I+ Social Norm=Current Social Norm=New I

Figure 4.9 An illustration of the predictive margins for

Contrast

std.
err.

z

P>|z|

_at@_outcome

N (New vs. current) CAR -.08 .03 -2.53 0.012
social norm (Toyoyama) (New vs. current) PT 01 .00 2.40 0.017
(New vs. current) WC .07 .03 2.52 0.012

Although Fig. 4.8 and Fig. 4.9 show similar trends, proposing the new scenario for social
norm seems to be slightly more influential in changing the probabilities of mode use. The
results reveal that in the new proposed scenario, young adolescents would use walking/cycling
and public transport more (7% and 1% increase respectively), and private car less than the
existing situation (8% decrease). Comparing the social modeling and social norm results, it
seems that caregivers’ expectations of their children could play an essential role in changing
young adolescents’ mode use in favor of active modes and public transport.

Furthermore, young adolescents with higher perceived self-efficacy to choose
walking/cycling under challenging situations (when the car option is also available) are 1.2
times more likely to walk/cycle rather than using the car. “Margins” were calculated for each
category of transport modes to examine the effects of self-efficacy on mode use probability by
changing the degree of self-efficacy (WC over the car) between its minimum and maximum
values with increments of one. Fig 4.10 shows that the probability of walking/cycling gradually
increases when the level of self-efficacy rises. Based on Table 4.14, at the highest level of self-
efficacy, the likelihood of using walking/cycling is approximately 51% (a 15% increase
compared to the lowest level of self-efficacy). However, Table 4.15 indicates that only the
differences between the values of 2 vs. 1 and 3 vs. 2 are statistically significant, which means
that reaching higher self-efficacy levels does not increase the chance of WC significantly
compared to their immediate prior levels.

Although the likelihood of utilizing public transport would go up slightly (from 6% to
8%) as young adolescents became more capable in the use of walking/cycling over the car (Fig.
4.11 and Table 4.16), the differences between adjacent levels are insignificant (Table 4.17).
Evidently, raising young adolescents’ capability in using walking/cycling against the private
vehicle could gradually decrease the chance of using the car (Table 4.18, and Fig. 4.12).
Increasing young adolescents’ self-efficacy could reduce the likelihood of car use by around
4% for each reverse adjacent level (Table 4.19). Additionally, students with higher perceived
self-efficacy by their caregivers for utilizing public transport over the car are 1.26 and 1.41
times more likely to walk/cycle and use public transport instead of being driven in a private
vehicle, respectively. Based on the results of the predictive margins (Fig. 4.13), the more the
young adolescents find themselves capable of using public transport under difficult
circumstances, the chances of walking/cycling trips increase.
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Predictive margins with 95% Cls

Table 4.14 Margins of WC use at 1-5 levels of self-
efficacy (WC over the car) (Toyoyama)

Margin std. err. z P>|z| [95% conf. interval]
1 _at
1 36 05 746 0.000 27 46
5 2 33 03 1201 0.000 40 46
N 3 P 02 2191 0.000 40 47
= 4 47 02 2436 0.000 VL] 51
5 51 03 1529 0.000 44 57
4 Table 4.15 Contrast of WC use margins between
adjacent levels of self-efficacy (WC over the car)
o (Toyoyama)
1 2 3 4 5
Self-Efficacy "WC over CAR” (children) Contrast std. err. z P>[z]
_at
Figure 4.10 An illustration of the predictive margins of ~ 2¥s1 04 02 211 0.035
WC hen i o the selfcffi We (Bvs2) 04 02 1.99 0.046
usage when increasing the self-efficacy ( over @vs3) 04 0 192 o055
the car) (Toyoyama) (5vs4) 04 02 1.88 0.060

Predictive margins with 95% Cls

A2

.08
1

|

Pr(PT)
.06
1

T T T T

o -

2 3 4
Self-Efficacy “WC over CAR" (children)

Figure 4.11 An illustration of the predictive margins of
PT usage when increasing the self-efficacy (WC over
the car) (Toyoyama)

Table 4.16 Margins of PT use at 1-5 levels of self-
efficacy (WC over the car) (Toyoyama)

Margin std. err. z P>|z| [95% conf. interval]
_at
1 .06 03 240 0016 01 12
2 07 02 3.65  0.000 03 10
3 07 01 647  0.000 05 09
4 07 01 747 0.000 05 09
5 08 02 424 0.000 04 11
Table 4.17 Contrast of PT use margins between
adjacent levels of self-efficacy (WC over the car)
(Toyoyama)
Contrast std. err. z P>|z|
_at
@vs1) .00 .01 0.45 0.653
(B vs2) .00 .01 038 0.704
(4vs 3) .00 01 032 0.749
(5vs4) .00 .01 027 0.788

Predictive margins with 95% Cls

T T T T T

Self-Efficacy “WC over CAR" (children)

Figure 4.12 An illustration of the predictive margins of
CAR usage when increasing the self-efficacy (WC
over the car) (Toyoyama)

Table 4.18 Margins of CAR use at 1-5 levels of self-
efficacy (WC over the car) (Toyoyama)

Margin std. err. z P>z [95% conf. interval]
_at
1 57 05 1126 0.000 47 67
2 53 03 15.65  0.000 47 60
3 49 02 2469  0.000 45 53
4 45 02 2331 0.000 41 49
5 41 03 12,66 0.000 35 47
Table 4.19 Contrast of CAR use margins between
adjacent levels of self-efficacy (WC over the car)
(Toyoyama)
Contrast std. err. z P>|z|
_at
@vs1) -.04 02 2.16 0.031
(Bvs2) -.04 02 2.10 0.036
(4vs 3) -.04 02 2,10 0.036
(5vs4) -.04 02 2.14 0.032
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Predictive margins with 95% Cls

T T T

2 3 4
Self-Efficacy “PT over CAR" (caregivers)

o -

Figure 4.13 An illustration of the predictive margins of
WC usage when increasing the self-efficacy (PT over
the car) (Toyoyama)

Table 4.20 Margins of WC use at 1-5 levels of self-
efficacy (PT over the car) (Toyoyama)

Margin std. err. z P>|z| [95% conf. interval]
_at
1 41 02 18.96  0.000 37 45
2 45 02 2661 0.000 42 49
3 49 02 2301 0.000 45 53
4 53 03 16.86  0.000 47 59
5 56 04 1297 0.000 48 65
Table 4.21 Contrast of WC use margins between
adjacent levels of self-efficacy (PT over the car)
(Toyoyama)
Contrast std. err. z P>|z|
_at
@vs1) 04 01 3.08 0.002
(Bvs2) 04 01 2.88 0.004
(4vs 3) 04 01 2.63 0.009
(5vs4) 03 01 2.8 0.023

Predictive margins with 95% Cls

Pr(PT)

o -

2 3 4
Self-Efficacy “PT over CAR" (caregivers)

Figure 4.14 An illustration of the predictive margins of
PT usage when increasing the self-efficacy (PT over
the car) (Toyoyama)

Table 4.22 Margins of PT use at 1-5 levels of self-
efficacy (PT over the car) (Toyoyama)

Margin std. err. z P>|z| [95% conf. interval]
_at
1 .06 .01 5.59 0.000 .04 .08
2 .07 .01 7.88 0.000 .05 .09
3 .09 .01 7.27 0.000 .06 A1
4 .109 .02 5.17 0.000 .06 .14
5 12 .03 3.81 0.000 .06 .18

Table 4.23 Contrast of PT use margins between adjacent

levels of self-efficacy (PT over the car) (Toyoyama)

Contrast std. err. z P>|z|

at
2 vs 1) .01 .00 2.36 0.018
(Bvs2) .01 .01 1.91 0.057
(4vs3) .02 .01 1.61 0.108
(Svs4) .02 .01 1.40 0.161

Predictive margins with 95% Cls

T T T T T

2 3 4
Self-Efficacy “PT over CAR” (caregivers)

Figure 4.15 An illustration of the predictive margins of
CAR usage when increasing the self-efficacy (PT over
the car) (Toyoyama)

Table 4.25 Margins of CAR use at 1-5 levels of self-
efficacy (PT over the car) (Toyoyama)

Margin std. err. z P>[z| [95% conf. interval]
_at
1 53 02 23.80  0.000 48 57
2 47 02 2770 0.000 44 51
3 Py 02 19.58  0.000 38 46
4 37 03 12.08  0.000 31 43
5 32 04 8.06  0.000 24 39
Table 4.24 Contrast of CAR use margins between
adjacent levels of self-efficacy (PT over the car)
(Toyoyama)
Contrast std. err. z P>|z|
_at
@vs1) -05 01 -3.90 0.000
(Bvs2) -05 01 -3.97 0.000
(4vs 3) -05 01 -4.22 0.000
(5vs4) -05 01 -4.71 0.000
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According to Table 4.20 and 4.21, there is approximately a 15% increase in the
likelihood of walking/cycling from the lowest to the highest levels of public transport self-
efficacy. A similar positive slope (with a smaller gradient) can be seen in Fig. 4.14, which
predicts the probability of public transport use for one unit of increase (between 1 and 5) in the
public transport self-efficacy. Young adolescents are expected to use public transport around
6% more when increasing the public transport self-efficacy from its lowest to highest levels
(Table 4.22). The only significant changes in the likelihood of public transport use are seen
between the lowest and highest levels of public transport self-efficacy, and the rest of the small
gains in the probability of public transport use are not statistically significant (Table 4.23).

Consequently, we expect to see a 21% loss in the likelihood of car use by improving the
public transport self-efficacy from its lowest to highest levels (Table 4.24, and Fig. 4.15).
According to Table 4.25, the decrease in the likelihood of car use is statistically significant
between all the adjacent levels. Although the public transport use gain is small, the car use
decline is substantial, which could mean that improving young adolescents’ self-efficacy for
utilizing public transport is essential but may not be the most influential factor in raising the
likelihood of public transport use for non-school trips among young adolescents.

4.3.1.2 The effects of (independent mobility)-related variables on mode choice

According to the model results, young adolescents allowed to go out after dark are 71%
less likely to use public transport than cars. The results of the predictive margins (Table 4.26)
indicate that the probability of using PT decreases by 6% for students who have the consent of
going out after dark compared to those who do not. This 6% is the only statistically significant
difference in the mode choice between having and non-having the consent to go out after dark
(Table 4.27). However, the likelihood of using public transport is very slim. Even for the young
adolescents who do not have the license, there is a 9% chance of using public transport for non-
school trips.

Table 4.26 Margins of mode use at the two levels of IM

Predictive margins

] / license (No.2: going out after dark alone) (Toyoyama)
< Marg std. 2 P>lz] [?5% conf.
= in err. interval]
3 - outcome# IM
% =7 license No.2
@ CAR# notallowed | .47 02 2519 0.000 .43 50
= CAR¥# allowed 48 04 1051 0.000 39 57
& PT# not allowed 09 01 780 0.000 .06 11
- PT# allowed 03 01 219 0028 .00 05
.\. WC# not allowed 44 02 2368 0000 .4l 48
o WC# allowed 50 04 1093 0000 .41 58
Not all d All d .
o alowe IM license ftem 2 (caregiver) °“*Table 4.27 Contrast of mode use margins at the levels of
CAR —e— PT IM license (No.2: going out after dark alone) (Toyoyama)
—e— WC
Contrast std. z P>|z|

err.

Figure 4.16 An illustration of the predictive margins of __ IM license No.2 @_outcome

. e (Allowed vs. not) CAR 01 05 0.16 0872
mode use at the two levels of IM license (No. 2: going (Allowed vs. not) PT o6 02 339 0001
out after dark alone) (Toyoyama) (Allowed vs. not) WC .05 .05 1.0l 0310

Surprisingly, young adolescents who were allowed to cycle on main roads (compared to
those who were not) are 2.56 times more likely to use public transport over the car. Table 4.28
demonstrates that granting such allowance can increase the probability of PT trips by 5%,
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which is statistically significant based on Table 4.29. Although the margin contrast for WC
trips is not significant, Fig. 4.17 shows that young adolescents who had such allowance are less
likely to walk/cycle in Toyoyama.

Predictive margins

Table 4.28 Margins of mode use at the two levels of IM

@ “\_‘ license (No.3: cycling on main roads) (Toyoyama)
<« Margin std. 2 P>z [?S% conf.
5 err. interval]
B e | outcome# IM
2 license No.3
g CAR# not allowed 45 .03 13.06 0.000 39 .52
:_H_E,N ) CAR# allowed 48 .02 23.62 0.000 44 .52
e PT# not allowed .03 .01 2.69 0.007 .01 .06
e PT# allowed .09 .01 7.51 0.000 .06 11
,_,_/ WC# not allowed 51 03 1460 0000 44 .58
Sim i WCH# allowed 43 .02 21.60 0.000 40 A7
Not allowed Allowed

IM license item 3 (caregiver)

Table 4.29 Contrast of mode use margins at the two levels
of IM license (No.3: cycling on main roads) (Toyoyama)

CAR —e— PT
—e— WC

Contrast std. z P>|z|
err.
Figure 4.17 An illustration of the predictive margins of IM license No.3 @_outcome
. . : (Allowed vs. not) CAR 02 04 0.54  0.592
mode use at the two levels of IM license (No.3: cycling (Allowed vs, nof) PT 05 5 30s 000
on main roads) (Toyoyama) (Allowed vs. not) WC 08 I S

4.3.1.3 The effects of socio-demographic variables on mode choice

The choice model shows that females are 45% less likely to realize WC trips than car
trips compared to their male counterparts. Fig. 4.18 depicts the differences in mode use
between male and female students. According to the data presented in Table 4.30, girls aged
12-15 are 51%, 39%, and around 10% likely to use the car, walking/cycling, and public
transport for their non-school trips, respectively. On the report of Table 4.31, boys, compared
to girls, are 10% and 5% less likely to use the car and public transport for their non-school
trips, whereas girls are 15% less likely to walk/cycle in comparison to boys, and all these
differences are statistically significant. Such a pattern means that girls have a propensity to use
the motorized modes of transport more than boys, and proportionally are using active modes
of transport less than male students. Such differences in travel behavior related to gender need
to be carefully taken into consideration.

Predictive margins

Table 4.30 Margins of mode use for gender (Toyoyama)

© 4
Mar std. 95% conf.
in £ err. z P>{z] Iinterval]

S outcome# Gender
E CAR# male 41 .03 15.28 0.000 .36 A7
3 CAR# female 51 .02 21.73 0.000 47 .56
% PT# male .05 .01 4.29 0.000 .02 .07
&N PT# female .10 .01 6.61 0.000 .07 13
WC# male .54 .03 19.51 0.000 48 .59
/‘ WCH# female .39 .02 16.51 0.000 34 43

o4

Gender

T
Female

Table 4.31 Contrast of mode use margins for gender

(Toyoyama)

CAR —e— PT
—e— WC Contrast z P>|z|
err.
Gender @_outcome
Figure 4.18 An illustration of the predictive margins of ~ (Female vs. male) CAR 10 04263 0.009
mod for gender (T ama) (Female vs. male) PT .05 .02 2.73 0.006
0de usc for gender {(10yoy (Female vs. male) WC .15 04 399 0.000
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Additionally, young adolescents living in bigger households with two children
(compared to families with only one child) are two times more likely to realize WC trips and
4.17 times more likely to use PT than using the car, as shown in Fig. 4.19. According to Table
4.32 and 4.33, predictive margins show that for young adolescents’ non-school trips in a two-
child household compared to a single-child household, there is an 18% decrease in the
probability of car use, while a 12% and 6% increase in the likelihood of walking/cycling and
public transport use, respectively. Based on the results of Table 4.33, in households with three
or more children, the chance of public transport use is approximately 5% less than a two-child
household. It seems that single-child households need further attention if we plan to promote
active modes or public transport. Bigger households (with three or more children) should also
be taken into account to promote public transport.

Table 4.32 Margins of mode use for the number of children
per household (Toyoyama)

0,
Predictive margins Margin Z:.‘: z P>[z |9il51£nc/;;1]f.
7 outcome#
Children/house
CAR#1 .61 .05 11.61 0.000 .50 71
Z< ’/.\\1 CAR#2 43 021934 0000 39 47
E CAR#3 or more .50 .03 14.11 0.000 43 57
3 PT#1 .04 .02 2.12 0.034 .00 .07
% PT#2 .10 .01 6.78 0.000 .07 13
E®; PT#3 or more .05 .01 334 0.001 .02 .08
WC#1 .36 .05 6.90 0.000 25 46
/\ wWC#2 A7 022092 0000 43 52
o WC#3 or more 45 .03 12.80 0.000 38 .52

! No. of children per household sermore Table 4.33 Contrast of mode use margins for the number of

CAR —e— PT children per household (Toyoyama)

—e— WC d
Contrast std. z P>|z|
err.
Figure 4.19 An illustration of the predictive margins of Ch“dr(;“/ho‘ll;ec %R"“‘Come " o6 100 0002
. VS. -. . =3. B
mode use for the number of children per household @ vs. 1) PT 06 02 257 0010
(Toyoyama) (2vs. 1) WC 12 .06 205 0.041
(3 or more vs. 2) CAR 07 04 166 0.096
(3 or more vs. 2) PT -.05 .02 -2.30 0.021
(3 or more vs. 2) WC -.02 04 052 0.600

As for the household construct, the logit model shows that young adolescents in
households consisting of a single parent, children, and grandparent/s are 65% less likely to
walk/cycle than given a ride in a car compared to single-parent households without the presence
of grandparent/s. This relationship is reported significant at the exact level of 0.05. Taking a
look at the predictive margins in Fig. 4.20, we can detect distinctive trends for young
adolescents’ mode use among the households comprising parents (the first two items on the
horizontal axis from the left) and the single-parent households (the last two items on the
horizontal axis on the right). Sharp changes can be observed for the car and walking/cycling
use among the single-parent households (with or without grandparent/s).

According to Table 4.34, the probability of public transport use for households other
than the first type (parents and children) is not statistically significant, which can be due to the
small number of reported trips with public transport in Toyoyama. Based on the results of Table
4.35, which documents the adjacent differences between different levels of household type,
young adolescents belonging to single-parent households with grandparent/s are 23% more
likely to use the car compared to the sing-parent households with no grandparent/s. Also, the
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5% drop in the use of public transport by young adolescents in households with parents and
grandparent/s in comparison to households with parents (only) is statistically significant.

Table 4.35 Margins of mode use at different levels of
household construct (Toyoyama)

Margin std. 2 P>lz] |9.5% conf.
err. interval]
outcome#
Predictive margins Household
@d CAR#P 47 02 2264 0000 43 51
CAR#P & G 52 08 6.49 0.000 36 .68
CAR#SP & G 60 08 6.94 0000 43 .76
_ CARH#SP 36 06 571 0.000 24 49
Bl PTH#P 09 01 6.33 0000 .06 .11
8 PTH#P & G 03 02 1.69 0.091 00 .07
2 PT#SP & G 04 03 1.60 0109  -01 .09
5. PT#SP 08 04 1.87 0062 .00 .16
a” WCHP 44 02 2075 0.000 .40 .48
WCHP & G 45 08 5.66 0000 29 .60
'\._”4./ WCHSP & G 36 08 430 0000 20 .52
o WCHSP 56 07 8.08 0000 42 .69
Parer:ls P (P)& Grand‘parents (G) Single Parer’\( (SP) & (G)
Household construct Table 4.34 Contrast of mode use margins at different levels
CAR —e— PT
e e of household construct (Toyoyama)
Contrast Z:i z P>|z|
Figure 4.20 An illustration of the predictive margins of Household @_outcome
mode use at different levels of household construct (1(’ &&GGVS' P) )CAR .05 .09 0.57 0572
P & G vs. P) PT -.05 03 209  0.036
(Toyoyama) (P & G vs. P) WC 01 09 008 0937
(SP & G vs. P & G) CAR 08 11 072 0473
(SP & G vs. P & G) PT 01 03 036 0721
(SP & G vs. P & G) WC -.09 11 -0.83  0.405
(SP vs. SP & G) CAR -23 11 2.16  0.031
(SP vs. SP & G) PT 04 05 073  0.465
(SP vs. SP & G) WC 20 11 178 0.075
Table 4.36 Margins of mode use for different levels of
caregivers’ age (Toyoyama)
Predictive margins Margin std. z P>l I?S% conf.
. err. interval]
- _ outcomet
o ~ —___——* C(Caregivers’ age
< CAR# <40 45 04 1010 0000 36 .54
g CAR¥# 40-50 48 02 2341 0.000 44 52
g o] CAR# >50 37 07 5.36 0000 24 51
“ PT# <40 10 03 3.24 0.001 0416
g PT# 40-50 06 01 6.17 0.000 .04 .08
a ™ PT# >50 18 .05 3.32 0.001 07 29
WC# <40 45 04 1018 0.000 36 .54
=d WCH# 40-50 45 02 2210 0.000 41 50
WC# >50 44 07 6.25 0000 30 .58
<40 4050 50 . .
Gernlvrbee Table 4.37 Contrast of mode use margins for different levels
CAR —e— pT of caregivers’ age (Toyoyama)
—e— WC
Contrast ::“: z P>z
Figure 4.21 An illustration of the predictive margins of ™ Caregivers’ age @ outcome
mode use for different levels of caregivers’ age (‘(‘2(')520“' <42()))C:TR 03 05 0.68 0493
-50 vs. < -.04 03 -118  0.240
(Toyoyama) (40-50 vs. <40) WC 00 05 007 0947
(>50 vs. 40-50) CAR -11 07 149 0.135
(>50 vs. 40-50) PT 12 06 221 0.027
(>50 vs. 40-50) WC -01 07 20.19  0.846

Furthermore, based on Table 4.6, young adolescents whose mothers (dominant
respondents) are in their 40s (compared to over 50) were 78% less likely to use PT rather than
the car. The likelihood of different mode use for young adolescents’ non-school trips based on
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the age of their caregivers (mostly their mothers) is reported in Table 4.36 and illustrated in
Fig. 4.21. According to Table 4.37, a discrete change from mothers aged 40-50 to those over
50 can raise the probability of using public transport for non-school trips by 12%.

While the share of students’ walking/cycling trips remains the same among the different
caregivers’ age groups, car and PT trips show more fluctuations. Around 45-48% of students’
non-school trips are made with the vehicle where at least one of the caregivers is less than 50
years old, which seems to affect students’ use of public transport negatively. The smallest share
of young adolescents’ PT trips belongs to those having at least one caregiver in their 40s. While
the reasons behind this pattern are not completely clear, it could be due to the caregivers’
lifestyle at this specific age range. Understanding the underlying factors for such a pattern can
help address the over-reliance on the private car for students’ non-school trips.

Surprisingly, the logit model results show that households with three or more cars
(compared to households with only one car) are more likely to realize WC/PT trips than car
trips. Given the margins results, it seems that as the number of cars per household increases,
the share of young adolescents’ car trips decreases, while the share of walking/cycling and
public transport trips increases (Fig. 4.22). According to Table 4.38, car trips decrease around
22% from a single-car household to a multiple-car household. More particularly, the
probability of car use among young adolescents in households with multiple cars is 18% less
than households owning two private vehicles, which is the only significant change between the
adjacent levels (Table 4.39). Such a result is unexpected and warrants further investigation.

Table 4.38 Margins of mode use for the number of cars per

household (Toyoyama)
Predictive margins Margin std. z P>[z| |9.5% conf.
©J err. interval]
i outcome#
// Cars/house
CAR#1 52 .03 14.41 0.000 45 59
T - CAR#2 48 02 1892 0.000 43 53
5 CAR#3 or more 30 .06 4.72 0.000 17 42
@ PT#1 07 02 432 0.000 04 11
g PT#2 .06 01 5.15 0.000 04 08
&Y PT#3 or more .15 .06 2.36 0.018 .02 28
/ WC#1 A1 .03 1144 0.000 34 48
-~ . WCH#2 45 02 17.89  0.000 40 50
o4 WC#3 or more 55 .07 7.29 0.000 40 .69
L No. of cars por household sormore Table 4.39 Contrast of mode use margins for the number of
CAR —e— pT cars per household (Toyoyama)
—e— Wwce std.
Contrast z P>|z|
err.
: : . s e : Cars/house @_outcome
Figure 4.22 An illustration of the predictive margins of @vs. 1)(&11 0 05 s
mode use for the number of cars per household @2vs. 1) PT -01 02 061 0539
(Toyoyama) @2vs. 1) WC 05 .05 103 0302
(3 or more vs. 2) CAR -.18 .07 -2.48 0.013
(3 or more vs. 2) PT .09 .07 1.36 0.174
(3 or more vs. 2) WC .09 .08 1.08 0.280

Finally, junior high school students living in Toyoyama district (compared to Shimizu
district) were 1.58 times and 3.07 times more likely to realize WC and PT trips rather than car
trips, respectively. Looking at Fig. 4.23, we can see that those young adolescents living in the
Toyoyama district use PT more than the other two districts. According to Table 4.41, this
difference is around 6% and is statistically significant. Although Toyoyama district has a
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relatively smaller share of car use compared to the other two districts (Table 4.40), no
statistically significant trend was observed for this transport mode.

Table 4.40 Margins of mode use for the different living
districts in Toyoyama

Margin std. 2 P>lz] [?5% conf.
err. interval]
Predictive margins
©J outcome#
’ Living district
CAR# Toyoyama 41 .03 14.46 0.000 .36 47
. = CAR# Shinei 47 .04 1262 0.000 39 .54
2« '\. CAR# Shimizu .54 .03 17.48  0.000 .48 .60
B PT# Toyoyama 11 .02 5.35 0.000 .07 .15
$ PT# Shinei .05 .02 339 0.001 .02 .09
= PT# Shimizu .05 01 388  0.000 .03 .08
&V WC# Toyoyama 47 .03 1607  0.000 .41 .53
WC# Shinei 48 .04 1276~ 0.000 .40 .55
.\. o  WCH# Shimizu 41 .03 13.53  0.000 35 .47
od
Toyoyama - sz Table 4.41 Contrast of mode use margins for the different
Ching[ctetice living districts in Toyoyama
CAR —e— PT
—e— WC Contrast std. z P>z

err.

Living district @_outcome
Figure 4.23 An illustration of the predictive margins of (Shinei vs. Toyoyama) CAR 05 05 110 0271

. .- S : (Shinei vs. Toyoyama) PT -.06 .03 -2.09 0.037

mode use for the different living districts in Toyoyama (Shinei vs, Togoyama) WC 0 % o oo
(Shimizu vs. Shinei) CAR 07 05 145 0.146

(Shimizu vs. Shinei) PT .00 02 012 0.904

(Shimizu vs. Shinei) WC -07 05 -140  0.160
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4.3.2 Minamiise Analysis Model Results (category: mid-sized, coastal)

Model fitting information included the value (-467.19) for log-likelihood, a significant
chi-square value of (84.17) for the likelihood ratio test, and a value of (0.097) for McFadden
R square, which is a reasonably good fit. Table 4.42 is a summary of this model’s exponentiated
coefficients (odds ratios and relative risk ratios) in which only the significant variables are
shown. For a full report on the model’s estimates (logit values and odds ratios/relative risk
ratios), see Appendix D. To interpret the results, we rely on the estimates reported in Table
4.42 and the calculated margins for each significant variable in the logit model for Minamiise.
Also, the average marginal effects can be used for further reference (see Appendix D).

Table 4.42 The estimated results (exponentiated coefficients) of the choice model in Minamiise town (only the
significant estimates are shown)

Conditional logit choice model (Minamiise) No. of observations 1827

Wald chi? (40) 84.17 No. of cases 609

Log-likelihood ~ -467.18 Prob>chi*>  0.00 Alternatives per case 3

Variables Odds ratio std. err. z P>|z| [95% conf. interval]

Alternative-specific variables

Psychological

Social Support 1.82 23 4.64 0.000 1.41 2.34

Variables l.lelatlv.e Std. err. z P>z [95% conf. interval]
risk ratio

Case-specific variables
Public Transport (PT) estimates (base alternative: CAR)
Independent Mobility (IM)

IM license (base: not allowed to do) (students)
3: Allowed to cycle on main

roads 52 15 -2.22 0.027 .29 .93
Socio-demographic
Grade (base: third grade)
First grade 45 .16 -2.25 0.025 22 .90
Second grade
cons Sl 45 -0.75 0.451 .09 2.92
Walking/Cycling (WC) estimates (base alternative: CAR)
Environmental
Neighborhood Safety 1.62 31 2.55 0.011 1.12 2.35
Socio-demographic
Grade (base: third grade)
First grade
Second grade 2.05 .68 2.14 0.032 1.06 3.94
cons .06 .05 -3.68 0.000 .014 27

Only the variables with a significant relationship trend (p<0.10) in the preliminary steps were used in making
this final model.

For those variables reported by both students and their caregivers, the respondent is mentioned in parenthesis.
In the case of insignificant estimates for some of the levels of categorical variables, only the labels of the
insignificant levels are kept in the table for the sake of clarity.

Note: ° cons’ estimates baseline relative risk for each outcome.

4.3.2.1 The effects of psychological variables on mode choice

The logit model results for Minamiise show that junior high school students receiving
more social support from their caregivers/friends for utilizing each specific mode of transport
had higher odds of realizing trips with those respective means of transport. A new scenario was
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introduced to interpret the model results for this variable, and the probability of mode choice
was compared between the current and the new situation (for the three main categories of
transport modes). In this new scenario, we proposed increasing the social support for using
walking/cycling and public transport by one unit and decreasing the social support for using
the car by one unit. It is noteworthy that social support is received from young adolescents’
caregivers and friends, which includes the encouragement for using each mode and the
frequency of trips made together with young adolescents’ significant others by each transport
mode.

The results of the margins can be seen in Table 4.43, which is also illustrated in Fig.
4.24. The color red shows the probability of using different modes for the current social support
situation, whereas green represents the likelihood of mode choice for the new scenario. Based
on the contrast results in Table 4.44, introducing the new scenario can significantly change the
probability of different modes’ use. Given the circumstances of the new scenario, young
adolescents’ use of walking/cycling and public transport for their non-school trips would
increase by 15% and 11%, respectively, which could decrease the use of the car by 26%
consequently (Table 4.44). Other scenarios could have been tested in this regard. However,
since the focus of this research is the promotion of active modes and public transport among
young adolescents, we proposed the above changes. The induced substantial changes in the
probabilities of mode use emphasize the prominent role of social support on young adolescents’
mode choice. The support is received from students’ caregivers and friends in terms of
encouragement and making trips with each mode together (either with caregivers or friends),
which could translate to more use of walking/cycling and public transport and less use of the
car.

Predictive margins with 95% Cls Table 4.43 Predictive margins for the current and new

] scenarios of social support (Minamiise)
0,
v W e P
~<€ .
8 _outcome# at
8 CAR# current 68 02 3710 0000 .64 .71
Bl CAR# new 42 06 7.19 0000 30 .52
§ PT# current .14 .01 10.48 0.000 11 .16
E PT# new 25 03 8.08 0000 .19 31
& o WCH# current 18 01 1224 0000 .15 21
WCH new 34 04 9.00 0000 27 .41
°1, , — Table 4.44 Contrast of the predictive margins for the
CAR Transport mode WC current and new scenarios of social support (Minamiise)
[—o— Social Support=Current Social Support=New ‘ std
Contrast ' z P>z
err.
: : : L : _at@_outcome
Figure .4.24 An 111ustr.at10n. .of the predictive margins (New vs. current) CAR 26 05 495 0.000
for social support (Minamiise) (New vs. current) PT 11 02 451 0.000
(New vs. current) WC 15 .03 4.87 0.000

4.3.2.2 The effects of environmental variables on mode choice

Neighborhood safety also significantly affects the odds of walking/cycling compared to
the likelihood of car use. According to the results of Table 4.42, if young adolescents perceive
their neighborhood safety one unit higher, it is 1.62 times more likely they use walking/cycling
rather than the car. To examine the effects of neighborhood safety on mode use probability,
margins were calculated for each category of transport modes when changing the neighborhood
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Predictive margins with 95% Cls

g

3
Neighborhood Safety

Figure 4.25 An illustration of the predictive margins of
WC usage when increasing the neighborhood safety
(Minamiise)

Table 4.45 Margins of WC use at 1-4 levels of
neighborhood safety (Minamiise)

Margin std. err. z P>|z| [95% conf. interval]
at
1 .09 .02 3.56 0.000 .04 .14
2 .14 .02 7.71 0.000 11 18
3 21 .02 10.97  0.000 18 25
4 .30 .05 5.89 0.000 .20 41

Table 4.46 Contrast of WC use margins between
adjacent levels of neighborhood safety (Minamiise)

Contrast std. err. z P>|z|

_at
2vs1) .05 .01 4.59 0.000
(Bvs2) .07 .02 2.93 0.003
(4vs3) .09 .04 2.39 0.017

Predictive margins with 95% Cls

|

3
Neighborhood Safety

Figure 4.26 An illustration of the predictive margins of
PT usage when increasing the neighborhood safety
(Minamiise)

Table 4.47 Margins of PT use at 1-4 levels of
neighborhood safety (Minamiise)

Margin std. err. z P>|z| [95% conf. interval]
at
1 21 .06 351 0.000 09 32
2 .16 .02 7.22 0.000 12 .20
3 12 .01 7.64 0.000 .09 15
4 .09 .03 3.16 0.002 .03 .14

Table 4.48 Contrast of PT use margins between
adjacent levels of neighborhood safety (Minamiise)

Contrast std. err. z P>|z|

_at
2vs1) -.04 .04 -1.13 0.258
(3vs2) -.04 .03 -1.44 0.151
(4vs3) -.03 .02 -2.11 0.035

Predictive margins with 95% Cls

Pr(CAR)

.6

3
Neighborhood Safety

Figure 4.27 An illustration of the predictive margins of
CAR usage when increasing the neighborhood safety
(Minamiise)

Table 4.49 Margins of CAR use at 1-4 levels of
neighborhood safety (Minamiise)

Margin std. err. z P>|z| [95% conf. interval]
_at
1 .70 .06 11.73  0.000 .70 .06
2 .69 .03 26.01  0.000 .69 .03
3 .66 .02 28.97  0.000 .66 .02
4 .60 .05 11.33  0.000 .60 .05

Table 4.50 Contrast of CAR use margins between
adjacent levels of neighborhood safety (Minamiise)

Contrast std. err. z P>|z|

_at
2vs1) -.01 .04 -0.19 0.846
(3vs2) -.03 .03 -0.95 0.340
(4vs3) -.06 .04 -1.51 0.131




safety between the minimum and maximum reported values with one-unit increments. Fig 4.25
shows that WC probability gradually increases when the neighborhood is perceived to be safer.
According to Table 4.45, at the highest level of neighborhood safety, the likelihood of using
walking/cycling is approximately 30% (a 21% increase compared to the lowest level of
neighborhood safety). Table 4.46 indicates that the rise in the likelihood of WC use at each
level of neighborhood safety compared to its previous level is statistically significant.

On the contrary, as young adolescents find their living environment safer, the chances
of using public transport or the car decreases (Fig. 4.26 and 4.27). Based on the results of
predictive margins in Table 4.47 and 4.49, at the highest level of neighborhood safety, students
would make around 9% and 60% of their non-school trips by public transport and private car,
respectively (around 10% decrease compared to the lowest level of neighborhood safety for
both transport modes). However, the only statistically significant marginal contrasts for public
transport use are found between the highest level of neighborhood safety and all its previous
levels (Table 4.48). The marginal differences for car use are not statistically significant (Table
4.50). Perceived safety only seems to affect the probability of WC use substantially, which
needs to be considered to promote active modes among the target age group.

4.3.2.3 The effects of (independent mobility)-related variables on mode choice

On the contrary to what was discussed for Toyoyama, the model for Minamiise shows
that those young adolescents who had the consent to cycle on main roads (compared to those
who did not) were 48% less likely to make public transport trips than car trips. The results of
the predictive margins (Table 4.51) are demonstrated in Fig. 4.28, which shows that students
who are allowed to cycle on main roads in Minamiise are approximately 6% more likely to
walk or cycle and around 8% (the only statistically significant difference based on Table 4.52)
less likely to use public transport for their non-school trips. Considering the characteristics of
the built environment in Minamiise, it seems that this item of the independent mobility license
gives young adolescents some freedom in their mobility that can be solely enjoyed and replaced
the need to use public transport for longer-distance journeys. It is noteworthy that around 80%
of the public transport trips in Minamiise were realized inside the town, whereas in Toyoyama,
100% of them were bound for out of town (Fig. 4.6). In Toyoyama, cycling on main roads may
be translated to freedom in making long-distance trips with active modes and public transport.

Predictive margins Table 4.51 Margins of mode use at the two levels of IM
2 license (No.3: cycling on main roads) (Minamiise)
std. [95% conf.

i >,
Margin err. z P>{z] interval]

6

outcome# IM
license No.3

=
g
8
2] CAR# not allowed 66 04 1761 0.000 .58 .73
g CAR# allowed 68 02 3151 0000 .64 72
] PT# not allowed 20 03 6.26 0000 .14 26
& :>_<: PT# allowed 12 01 8.02 0.000 .09  .145
WCH# not allowed 14 03 5.25 0000 .09 20
WCH# allowed 20 02 1076 0.000 .16 .24
o
Not allowed B . Alowed Table 4.52 Contrast of mode use margins at the two levels
IM license item 3 (children) N . i . .
P —— of IM license (No.3: cycling on main roads) (Minamiise)
—e— WC
Contrast std. err. z P>|z|
Figure 4.28 An illustration of the predictive margins of M license No.3 @_outcome
. . (Allowed vs. not) CAR .02 .04 0.56 0.575
mode use at the two levels of IM license (No.3: cycling (Allowed vs. not) PT o8 03 231 0021
on main roads) (Minamiise) (Allowed vs. not) WC 06 03 1.72 0.085
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4.3.2.4 The effects of socio-demographic variables on mode choice

Finally, the model results for Minamiise shows that students in their second grade
(compared to those enrolling in the third grade) are two times more likely to walk/cycle rather
than get around in a private car for their non-school trips. Additionally, students in the first
grade of junior high school (compared to those in the third grade) seem 55% less likely to use
public transport over the car. We can observe the magnitude of age effect (enrolling grade) on
the probability of mode choice in the predictive margins reported in Table 4.53. Looking at
Fig. 4.29, the chance of car use seems to stay unchanged among the students of different grades.
There is a slight insignificant increase in the likelihood of walking/cycling and public transport
for second graders (compared to first graders). However, in the event of a discrete change from
second-grade students to third-graders, a sharp increase can be detected in the probability of
public transport (8%) and a decrease in the likelihood of walking/cycling (10%), both of which
are statistically significant according to Table 4.54. Although there are no considerable nuances
in the age of adolescents in this study (12-15-year-olds), the differences of mode choice
between different enrolling grades are detectable.

Table 4.53 Margins of mode use for young adolescents’ age
(students’ grade) (Minamiise)

. std. [95% conf.
Predictive margins Margin err. z P>Jz] interval]
= outcome# Grade
CAR first 70 03 2266 0000 .64 .76
ol CAR# second 65 03 2076 0.000 59 .72
3 CAR¥ third 68 04 1744 0000 .60 .75
ks PT# first .10 02 474 0.000 .06 .14
o< PT# second 12 02 5.52 0.000 .08 .17
) PT# third 20 03 6.20 0.000 .14 27
E WCH first 19 03 727 0.000 .14 25
& o :>—<: WC# second 22 03 819 0000 .17 .27
WCH third 12 03 4.24 0000 06 .17
o
First Second Third Table 4.54 Contrast of mode use margins for young
, , - ..
AR o adolescents’ age (students’ grade) (Minamiise)
—e— WC

Contrast std. err. z P>|z|

: : : At : Grade @_outcome
Figure 4.29 An illustration of th? predictive me{rgms of (Second vs, first) CAR 08 e N G
mode use for young adolescents’ age (students’ grade) (Second vs. first) PT 0 0 071 0476
(Minamiise) (Second vs. first) WC .03 04 070  0.487
(Third vs. second) CAR 02 05 049  0.628
(Third vs. second) PT .08 .04 2.01 0.044
(Third vs. second) WC -.10 .04 -2.70 0.007
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4.3.3 Kiso Analysis Model Results (category: large-sized, mountainous)

Model fitting information included the value (-472.72) for log-likelihood, a significant
chi-square value of (131.03) for the likelihood ratio test, and a value of (0.15) for McFadden
R square, which is a good fit. Table 4.55 is a summary of this model’s exponentiated
coefficients (odds ratios and relative risk ratios) in which only the significant variables are
shown. For a full report on the model’s estimates (logit values and odds ratios/relative risk
ratios), see Appendix E. To interpret the results, we rely on the estimates reported in Table 4.55
and the calculated margins for each significant variable in the logit model for Kiso. Also, the
average marginal effects can be used for further reference (see Appendix E).

Table 4.55 The estimated results (exponentiated coefficients) of the choice model in Kiso town

Conditional logit choice model (Kiso) No. of observations 2004

Wald chi? (40) 131.03 No. of cases 668

Log-likelihood ~ -472.72 Prob>chi*>  0.00 Alternatives per case 3

Variables l.lelatlv.e Std. err. z P>z [95% conf. interval]
risk ratio

Case-specific variables
Public Transport (PT) estimates (base alternative: CAR)
Psychological
Self-Efficacy “PT over CAR”
(caregivers)
Independent Mobility (IM)
IM Farthest Distance (base: school neighborhood) (students)

Inside the town

Out of town 4.15 2.65 2.23 0.026 1.19 14.48
IM Farthest Distance (base: home neighborhood) (caregivers)

1.45 22 2.37 0.018 1.07 1.96

School neighborhood
Inside the town 27 .15 -2.34 0.019 .09 .81
Out of town 24 .14 -2.44 0.015 .07 75

Socio-demographic

Living district (base: Kaida district)

Fukushima .39 .16 -2.25 0.024 17 .88
Hiyoshi

Mitake

Household construct (base: single parent and children)

Parents and children

Parents, grandparent/s,

children

Single parent, grandparent/s,

. 12.39 14.55 2.14 0.032 1.24 123.67

children

cons .01 .02 -2.48 0.013 .00 40
Walking/Cycling (WC) estimates (base alternative: CAR)
Psychological
Self-Efficacy "WC over CAR 1.34 17 228 0.023 1.04 1.73
(caregivers)

Independent Mobility (IM)

IM Farthest Distance (base: school neighborhood) (students)
Inside the town
Out of town 3.21 1.44 2.60 0.009 1.33 7.74
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Variables l.lelatlv.e Std. err. z P>z [95% conf. interval]
risk ratio

Socio-demographic

Female (base: male) .56 .14 -3.35 0.001 33 .93
Grade (base: third grade)

First grade

Second grade 2.32 .76 2.57 0.010 1.22 4.42
Future plan (base: work/study inside the town or others)

Work/study out of town 44 13 -2.79 0.005 25 78
Living district (base: Kaida district)

Fukushima 3.97 2.38 2.30 0.021 1.23 12.84
Hiyoshi 7.34 4.63 3.16 0.002 2.13 25.29
Mitake
Caregivers’ job (base: full-time homemaker or unemployed)

Full-time employee 32 .16 -2.30 0.021 12 .84

Part-time employee

Full-time self-employed
_cons 10 12 -1.81 0.070 .01 1.21

Only the variables with a significant relationship trend (p<0.10) in the preliminary steps were used in making
this final model.

For those variables reported by both students and their caregivers, the respondent is mentioned in parenthesis.
In the case of insignificant estimates for some of the levels of categorical variables, only the labels of the
insignificant levels are kept in the table for the sake of clarity.

Note: ° cons’ estimates baseline relative risk for each outcome.

4.3.3.1 The effects of psychological variables on mode choice

The conditional logit model results in Table 4.55 show that those young adolescents
perceived by their caregivers to be more capable of choosing walking/cycling over the private
car under challenging circumstances are 1.34 times more likely to realize WC trips than car
trips. Fig. 4.30, 4.31, and 4.32 visualize the predictive margins (shown in Tables 4.56, 4.58,
and 4.60) of choosing different transport modes when increasing the self-efficacy for WC with
increments of one unit. As young adolescents’ capability in walking/cycling (instead of taking
a car ride) increases, the expected probability of selecting walking/cycling is estimated to rise.
At the highest level of self-efficacy (WC over the car), there is approximately a 15% increase
in the probability of walking/cycling compared to the lowest level. According to Table 4.57,
the first two reverse adjacent contrasts are significant at the 0.05 significance level. Although
there is around a 5% increase in the expected probability of public transport from level 1 to 5
of self-efficacy (WC over the car), none of the adjacent contrasts are significant (Table 4.59).
Consequently, we find a significant decrease (5 to 6%) in the expected probability of using the
car for each unit of increase in the caregivers’ perceived self-efficacy of their children for using
walking/cycling (Table 4.61).

Additionally, young adolescents whose caregivers recognize them as more capable of
traveling with public transport (when a private car is also an option) are 1.45 times more likely
to select means of public transport over private vehicles to realize their non-school trips. Fig.
4.33, 4.34, and 4.35 demonstrate the trend in the expected probability of transport modes when
young adolescents’ self-efficacy increases from 1 (the lowest) to 5 (the highest) with one unit
of increment.
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Table 4.56 Margins of WC use at 1-5 levels of self-

Predictive margins with 95% Cls

@ efficacy (WC over the car) (Kiso)
Margin std. err. z P>|z| [95% conf. interval]
7 at
1 36 05 746 0.000 27 46
5 2 33 03 1201 0.000 40 46
S+ 3 P 02 2191 0.000 40 47
& 4 47 02 2436 0.000 VL] 51
51 03 1529 0.000 44 57
@9 Table 4.57 Contrast of WC use margins between
adjacent levels of self-efficacy (WC over the car)
(Kiso)
(\J_ -
1 2 3 L4 5 Contrast std. err. z P>z
Self-Efficacy “WC over CAR" (children)
_at
Figure 4.30 An illustration of the predictive margins of g v 2 ‘gi ‘gi ?'; g‘gié
. . Vs B B . .
WC usage when increasing the self-efficacy (WC over (@ vs 3) 04 0 192 0.055
the car) (Kiso) (5vs4) .04 02 1.88 0.060

Table 4.58 Margins of PT use at 1-5 levels of self-

Predictive margins with 95% Cls

-l efficacy (WC over the car) (Kiso)
Margin std. err. z P>|z| [95% conf. interval]
o _at
‘ 1 11 02 550 0.000 07 14
_ 2 12 01 9.65  0.000 10 14
Ew 3 14 02 827  0.000 10 17
&7 4 15 03 498  0.000 .09 21
5 16 05 344 0.001 07 26
- Table 4.59 Contrast of PT use margins between
adjacent levels of self-efficacy (WC over the car)
g (Kiso)
1 2 3 . 4 5 Contrast std. err. z P>z
Self-Efficacy “WC over CAR" (caregivers)
_at
Figure 4.31 An illustration of the predictive margins of g v g ‘gi ‘gi i‘éz gi;g
. . Vs d d B o
PT usage When increasing the self-efficacy (WC over (@ vs 3) 01 01 0.89 0374
the car) (Kiso) (5vs4) 01 02 0.76 0.447

Table 4.60 Margins of CAR use at 1-5 levels of self-

Predictive margins with 95% Cls

© efficacy (WC over the car) (Kiso)
* Margin std. err. z P>|z| [95% conf. interval]
™~ _at
1 75 03 2716 0.000 69 80
z I 2 70 02 3978 0.000 66 73
S 3 65 02 2662 0.000 60 69
& 4 59 04 1337 0.000 50 68
5 53 07 7.90  0.000 40 67
2 Table 4.61 Contrast of CAR use margins between
adjacent levels of self-efficacy (WC over the car)
< (Kiso)
1 2 3 4 5 Contrast std. err. z P>|z|
Self-Efficacy “WC over CAR" (caregivers)
_at
Figure 4.32 An illustration of the predictive margins of ~ @vsD '-82 -g; ‘iz; g-g?i
. . 3vs2 - . 2. .
CAR usage when increasing the self-efficacy (WC E 1 :: 3; 05 ‘02 23 0.020
over the car) (Kiso) (5vs4) -.06 02 233 0.020
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Predictive margins with 95% Cls

Pr(WC)
A5

T T T T

=
o -

2 3 4
Self-Efficacy “PT over CAR" (caregivers)

Figure 4.33 An illustration of the predictive margins of
WC usage when increasing the self-efficacy (PT over
the car) (Kiso)

Table 4.62 Margins of WC use at 1-5 levels of self-
efficacy (PT over the car) (Kiso)

Margin std. err. z P>|z| [95% conf. interval]
_at
1 .20 .02 9.50 0.000 15 24
2 .19 .01 12.70  0.000 .16 22
3 18 .03 6.93 0.000 13 23
4 17 .04 4.16 0.000 .09 25
5 .16 .05 2.86 0.004 .05 .26

Table 4.63 Contrast of WC use margins between
adjacent levels of self-efficacy (PT over the car) (Kiso)

Contrast std. err. z P>|z|

_at
2vs1) -.01 .02 -0.37 0.710
(3vs2) -.09 .02 -0.50 0.618
(4vs3) -.01 .02 -0.66 0.511
(5vs4) -.01 .01 -0.85 0.393

Predictive margins with 95% Cls

T T T T

4
Self-Efficacy “PT over CAR" (caregivers)

Figure 4.34 An illustration of the predictive margins of
PT usage when increasing the self-efficacy (PT over
the car) (Kiso)

Table 4.64 Margins of PT use at 1-5 levels of self-
efficacy (PT over the car) (Kiso)

Margin std. err. z P>|z| [95% conf. interval]
at
1 .09 .02 5.29 0.000 .05 12
2 12 .01 9.54 0.000 .09 .14
3 .16 .02 7.24 0.000 11 .20
4 21 .04 4.55 0.000 12 29
5 .26 .08 3.40 0.001 11 41

Table 4.65 Contrast of PT use margins between
adjacent levels of self-efficacy (PT over the car) (Kiso)

Contrast std. err. z P>|z|

at
2 vs 1) .03 .01 2.73 0.006
(Bvs2) .04 .02 2.15 0.032
(4vs3) .05 .02 1.86 0.063
(Svs4) .06 .03 1.72 0.085

Predictive margins with 95% Cls

Table 4.66 Margins of CAR use at 1-5 levels of self-
efficacy (PT over the car) (Kiso)

Margin std. err. z P>|z| [95% conf. interval]
at
1 72 .02 29.80  0.000 .67 .76
2 .69 .02 39.60  0.000 .66 73
3 .66 .03 22.13  0.000 .60 72
4 .62 .05 12.16  0.000 52 72
5 .58 .08 7.52 0.000 A3 73

Table 4.67 Contrast of CAR use margins between
adjacent levels of self-efficacy (PT over the car) (Kiso)

-
o 4

2 3 4
Self-Efficacy “PT over CAR" (caregivers)

Figure 4.35 An illustration of the predictive margins of
CAR usage when increasing the self-efficacy (PT over
the car) (Kiso)

Contrast std. err. z P>|z|

_at
2vs1) -.02 .02 -1.19 0.234
(3vs2) -.03 .02 -1.39 0.166
(4vs3) -.04 .02 -1.50 0.135
(5vs4) -.04 .03 -1.55 0.120
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As expected, raising young adolescents’ self-efficacy for using public transport instead
of the private car positively affects the likelihood of using PT. According to the reported
margins in Table 4.64, there is approximately a 17% increase in the expected probability of
selecting public transport for making non-school trips when changing the self-efficacy from 1
to 5. Although the last two rows in Table 4.65 labeled (4 vs. 3) and (5 vs. 4) are not statistically
significant at the 5% significance level, the overall change is substantial.

The results show a slightly negative association between self-efficacy (PT over the car)
and the expected probability of walking/cycling. The likelihood of WC trips decreases by
roughly 4% when moving from the first level of self-efficacy to its last level (Table 4.62).
However, based on the reported results in Table 4.63, which demonstrates the adjacent
contrasts, none of these differences are significant. A similar pattern can be observed in Fig.
4.35. The expected probability of choosing the car for the non-school trips decreases by 14%
when young adolescents’ self-efficacy for using public transport over the car increases from 1
to 5 (Table 4.66). Still, when young adolescents’ caregivers find them the most capable in
selecting public transport instead of taking a ride in a car, the expected probability of using the
car for non-school trips is around 58% which is relatively high. The differences of the estimates
in the likelihood of utilizing the car for the adjacent levels of self-efficacy are not significant
at 0.05 significance level.

4.3.3.2 The effects of (independent mobility)-related variables on mode choice

The choice model in Kiso town also shows the positive influence of young adolescents’
perception of independent mobility distance on utilizing walking/cycling or public transport
instead of the car. As the results suggest, those junior high school students who think they are
allowed to travel out of town alone or with friends (compared to those who are allowed only
to move around as far as the school neighborhood) are 3.21 times more likely to walk/cycle
and 4.15 times more probable to select public transport travel over the car travel.

According to the results depicted in Fig. 4.36 and Table 4.68, getting consent to travel
farther independently (from traveling as far as the school neighborhood to out of town)
increases the expected probability of choosing walking/cycling and public transport by 13%
and 10%, respectively, whereas decreases the car travel by 22%. Regarding the estimates of
the reverse adjacent contrasts (Table 4.69), the only significant difference is an 11% decrease
in the expected probability of car use between the “inside the town” and “school neighborhood”
levels of independent mobility distance perceived by young adolescents.

The choice model also shows the negative impact of higher levels of young adolescents’
independent mobility distance perceived by their caregivers on walking/cycling and public
transport instead of using the car, which is counterintuitive since WC and PT are the primary
means of traveling independently. We do not have enough evidence from the results of this
research to rationalize such results. However, caregivers’ beliefs about their children’s
independent mobility distance do not seem to reflect the reality of young adolescents’
independent mobility situation. On the other hand, perception is subjective, and caregivers’
thoughts might not be communicated well with their children. Hence, the caregivers’
perception might not be overlapped with the truth. Looking at Fig. 4.37, we can observe the
paradoxical pattern in the plot evidenced by the results reported in Table 4.70. According to
the existing literature, young adolescents’ responses described previously seem to be more
accurate in this case.
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4.3.3.3 The effects of socio-demographic variables on mode choice

Table 4.69 Margins of mode use for the independent
mobility (IM) distance (students) (Kiso)

Margin std. 2 P>lz] [?5% conf.
err. interval]

_outcomett
IM distance
CAR# school .82 .04 20.55 0.000 74 .90
CAR# in town 1 .03 22.73 0.000 .65 a7
CAR# out of town .60 .04 15.21 0.000 .53 .68
PT# school .06 .02 2.35 0.019 .01 11
PT# in town 12 .02 4.86 0.000 .07 .16
PT# out of town .16 .03 4.90 0.000 .09 22
WC# school 11 .03 3.57 0.000 .05 18
WC# in town 17 .02 6.97 0.000 12 22
WCH# out of town 24 .03 7.23 0.000 17 .30

Table 4.68 Contrast of mode use margins for the
independent mobility (IM) distance (students) (Kiso)

std.

Contrast z P>|z|
err.
IM distance @_outcome

(In town vs school) CAR -11 .05 -2.31 0.021

(In town vs. school) PT .06 .03 1.68 0.093

(In town vs. school) WC .06 .04 1.43 0.151

(Out of town vs. in town) CAR -.10 .06 -1.79 0.073

(Out of town vs. in town) PT .04 .05 0.88 0.380

(Out of town vs. in town) WC .06 .05 1.35 0.178

Table 4.70 Margins of mode use for the independent
mobility (IM) distance (caregivers) (Kiso)
v W e Do
_outcome#
IM distance

CAR# home 58 .06 8.84 0.000 45 .70
CAR# school .65 .05 13.29 0.000 .56 5
CAR# in town .70 .04 19.02 0.000 .63 a7
CAR# out of town .70 .03 21.48 0.000 .63 .76
PT# home 26 .06 4.00 0.000 13 39
PT# school 17 .05 3.63 0.000 .08 27
PT# in town 11 .03 4.06 0.000 .06 17
PT# out of town .10 .02 5.30 0.000 .06 14
WC# home .16 .05 3.19 0.001 .06 .26
WC# school 17 .03 4.92 0.000 .10 24
WCH# in town 18 .03 5.88 0.000 12 24
WCH# out of town 20 .03 6.90 0.000 .14 25

Table 4.71 Contrast of mode use margins for the
independent mobility (IM) distance (caregivers) (Kiso)

Contrast std. z P>z
err.

IM distance @_outcome
(School vs. home) CAR .08 .08 1.03 0.302
(School vs. home) PT -.09 .07 -1.24 0215
(School vs. home) WC .01 .06 0.20 0.840
(In town vs. school) CAR .05 .06 0.82 0.411
(In town vs. school) PT -.06 .05 -1.13 0.257
(In town vs. school) WC .01 .04 0.22 0.825
(Out of town vs. in town) CAR .00 .06 -0.05 0.958
(Out of town vs. in town) PT -.01 .04 -0.35 0.725
(Out of town vs. in town) WC .02 .05 0.36 0.720

Firstly, the choice model indicates that females are 44% less likely to walk/cycle instead
of taking a car ride. Fig. 4.38 depicts the differences in the expected mode use between males
and females. According to the data presented in Table 4.72, the expected probability of car use
is almost similar for both girls and boys. On the other hand, girls are 9% less likely to
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walk/cycle and 5% more likely to use public transport for non-school trips than boys. However,
the only statistically significant difference is seen for the expected probability of WC travel
(Table 4.73). Nevertheless, the results state that gender makes a difference in young
adolescents’ travel behavior, and such distinctions should be considered in policy-making and
practice.

Secondly, young adolescents currently enrolled in the second grade of junior high school
are 2.32 times more likely to use walking/cycling instead of the private car for their non-school
trips than those in the third grade. The results of the predictive margins illustrated in Fig. 4.39
indicate that second-grade students use private vehicles for their non-school trips the least.
Second graders also walk/cycle more than the other two grades. Interestingly, the expected
probability of choosing public transport stays almost the same (a total of 12-13% share of all
trips) among junior high school students (Table 4.74). Among the mentioned patterns, only a
decline of 11% in the expected probability of walking/cycling and an increase of 12% in the
likelihood of car trips for the third graders (compared to second graders) are statistically
significant (Table 4.75).

Predictive margins

Table 4.72 Margins of mode use for gender (Kiso)

w. 4
0,
Margin std. 2 P>z |9.5 % conf.
o err. interval]
3 outcome# Gender
8 CAR# male 67 .02 2733 0.000 62 72
gl CAR# female 70 03 2572 0.000 65 76
g PT# male 10 01 639  0.000 07 13
E PT# female 16 .02 6.82  0.000 11 20
T&lq WC# male 22 .02 10.19  0.000 18 27
WCH# female 14 .02 6.58  0.000 10 18
od
Male cong remale Table 4.73 Contrast of mode use margins for gender (Kiso)
ender
CAR —e— PT
—e— WC Contrast std. err. z P>|z|
Gender @_outcome
Figure 4.38 An illustration of the predictive margins of ~ (Female vs. male) CAR 03 04 080 0.422
. (Female vs. male) PT .05 .03 1.80 0.072
mode use for gender (Kiso) (Female vs. male) WC -.09 03 2.62 0.009

Table 4.74 Margins of mode use for young adolescents’ age
(enrolling grade) (Kiso)

Margin std. 2 P>z |9.5% conf.
L X err. interval]
ol Predictive margins ouicomet Grade
: CAR¥ first 67 03 1913 0000 .60 .74
CAR# second 61 04 1549 0.000 54 .70
s CAR¥# third 74 03 2785 0.000 .69 .79
£ PT# first 13 03 464 0000 .07 .18
3 PT# second 13 03 467 0000 08 .19
= PT# third 12 02 6.53  0.000 .08 .15
2 WCH first 20 03 699  0.000 .14 26
Eol ',,,/4“\‘ WC# second 25 04 6.80  0.000 .18 32
- . —g _ WCkthid 14 02 6.60  0.000 .10 .19
o Table 4.75 Contrast of mode use margins for young
First séc'%nd mira adolescents’ age (enrolling grade) (Kiso)
rage
CAR —e— PT Contrast Z;‘: z P>[z|
e we Grade @_outcome
(Second vs. first) CAR -.05 .05 -0.99 0.325
Figure 4.39 An illustration of the predictive margins of (Secondiys. first) BT 00 04 0.07 0943
. . (Second vs. first) WC .05 .05 1.07 0.284
mode use for young adolescents’ age (enrolling grade) (Third vs. second) CAR 1 05 246 0014
(Kiso) (Third vs. second) PT -01 03 043 0.666
(Third vs. second) WC -11 .04 -2.37 0.018
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Thirdly, those students who imagined their work/education future taking place primarily
out of their hometown are 56% less likely to walk/cycle than take a ride in the car. Based on
the result of the predictive margins in Table 4.76, around 76% of the non-school trips of young
adolescents who intend to pursue their future somewhere out of their hometown are realized
with the private car. This share drops to 65% (a significant difference of 11%) for students
planning to pursue their near-future goals inside their hometown. Along with the increase in
car use, a considerable 9% decrease is seen in the expected probability of walking/cycling when
young adolescents have plans to work/study out of their town instead of pursuing their goals
where they live now (Table 4.77). Fig. 4.40 helps visualize the discussed situations in a simple
plot.

Predictive margins Table 4.77 Margins of mode use for young adolescents’

< future plan (Kiso)
. std. [95% conf.
/g\“’- b Margin err. z P>{z] interval]
E outcome# Future plan
3 <] CAR# in town .65 .02 29.83 0.000 .61 .70
ol CAR# out of town .76 .03 25.38 0.000 .70 .82
é PT# in town 13 .01 8.01 0.000 .10 .16
EN i PT# out of town 12 .02 5.25 0.000 .07 .16
N WCH# in town 2 02 1132 0000 18 26
o WCH# out of town 12 .02 5.30 0.000 .08 17
o

U anomn Lable 4.76 Contrast of mode use margins for young
Future plan 5 .
adolescents’ future plan (Kiso)

CAR —e— PT

we Contrast std. z P>z
err.
. . X L. . Future plan @_outcome
Figure 4.40 An illustration of the predictive margins (Out of town vs. in town) CAR 11 04 269 0.007
of mode use for young adolescents’ future plan (Kiso) =~ (Outoftownvs. in town) PT -01 03 036 0718
(Out of town vs. in town) WC -.09 .03 -2.95 0.003

Table 4.78 Margins of mode use at different levels of
household construct (Kiso)

Margin std. 2 P>z |9.5% conf.
err. interval]
outcome#
Predictive margins Household
« CAR#P .69 .02 31.90 0.000 .65 73
CAR#P & G .67 .04 15.84 0.000 .58 75
CAR#SP & G .61 .08 7.37 0.000 45 77
_©d CAR#SP .76 .06 12.01 0.000 .64 .89
ki PT#P 12 01 778 0000 .09 .15
2 PT#P & G 13 .03 4.49 0.000 .07 .19
£<: B PT#SP & G .20 .07 2.93 0.003 .07 34
% PT#SP .03 .02 1.02 0.307 -.02 .08
\E/ WCHP 18 .02 10.55 0.000 15 22
& WCHP & G .20 .04 5.29 0.000 13 27
WCHSP & G 18 .06 2.83 0.005 .06 31
WCHSP 21 .06 343 0.001 .09 33
o

T T T T
Parents (P) (P) & Grandparents (G) Single Parent (SP) & (G) (SP)
H

Table 4.79 Contrast of mode use margins at different levels
ousehold construct

of household construct (Kiso)

CAR —e— PT

we Contrast std. z P>z
err.
Figure 4.41 Ap illustration of the predictive margins of H(gu;ego‘lg(%%ﬁfme 0 G 046 063
mode use at different levels of household construct (P & G vs. P) PT 01 03 0.18 0.854
(Kiso) (P & G vs. P) WC .02 04 038  0.705
(SP vs. G & P) CAR -.06 09 061 0539
(SPvs. G & P) PT .07 08 098 0329
(SP vs. G & P) WC -.02 07 023 0814
(SP & G vs. SP) CAR .15 .10 145 0.146
(SP & G vs. SP) PT -18 07 238 0017
(SP & G vs. SP) WC .03 09 030 0762
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Fourthly, the choice model states that young adolescents in single-parent households that
live with grandparent/s are 12.39 times more likely to use public transport for their non-school
trips than young adolescents in single-parent households without grandparent/s. Fig. 4.41
demonstrates no significant change at the left side of the figure where families with both parents
with or without grandparent/s are located. The sharpest difference seems to exist among
distinctive categories of single-parent households. Table 4.79 indicates a significant 18%
decrease in the expected probability of public transport use when moving from a single-parent
family living with grandparent/s to a single-parent household with no grandparents. However,
such results should be considered with caution since the likelihood of PT use for young
adolescents in single-parent families is not statistically significant (Table 4.78). Additionally,
young adolescents in single-parent families living with grandparent/s use the private car the
least, whereas those in single-parent households take a ride in the car the most. However, such
a difference is not statistically significant.

Table 4.80 Margins of mode use at different levels of
caregivers’ job (Kiso)

Predictive margins Margin St z P>l 195% conf.
. err. interval]
outcomett
Caregivers’ job
—@d CAR#FTE 72 .03 27.35 0.000 .67 77
§ - CAR#PTE .69 .03 24.99 0.000 .64 75
2 CAR# FT SE .54 .06 8.32 0.000 42 .67
;V_ g CAR#UNE .56 .09 6.38 0.000 39 73
§ PT#FTE 13 .02 6.43 0.000 .09 .16
E PT#PTE 12 .02 5.90 0.000 .08 .16
& o PT#FT SE 13 .04 332 0.001 .05 20
hd —— ——————— PT# UNE 11 .05 2.16 0.031 .01 21
o WCH#FTE 15 .02 7.34 0.000 11 .19
Fulumc‘on‘DOvcc Part 'lmcvcmo\oycc Full 'vmcsc‘lf employed Unomlmo»‘t-c WC#PTE 18 02 7.74 0.000 14 23
Caregiver's job WCH#FT SE 33 .06 5.06 0.000 .20 45
CAR —e— PT WC#UNE 32 .08 3.88 0.000 .16 49

—e— WC

Table 4.81 Contrast of mode use margins at different levels

Figure 4.42 An illustration of the predictive margins of caregivers” job (Kiso)

. . . td.
of mode use at different levels of caregivers’ job Contrast  °*" z P>|z|
(KiSO) Caregivers’ job @_outcome
(PT E vs. FT E) CAR -.02 04 059 0552
List of abbreviations used in the tables: (PTE vs. FT E) PT -.01 .03 -0.24 0.813
] (PT E vs. FT E) WC 03 .03 0.93 0.351
FT E: Full-time employee (FT SE vs. PT E) CAR -15 07 212 0.034
PT E: Part-time employee (FT SE vs. PT E) PT 01 04 0.18 0.858
_ (FT SE vs. PT E) WC 14 07 207 0.038
FT SE: Full-time self-employed (UNE vs. FT SE) CAR 02 A1 0.16 0.875
UN E vs. FT SE) PT -01 .06 023 0817
UN E: Unemployed ¢
ploy! (UN Evs. FT SE) WC .00 11 002 0983

Last but not least, young adolescents with caregivers being employed full-time are 68%
less likely to choose walking/cycling instead of the private car than those whose caregivers are
unemployed. It is essential to remember that over 80% of the respondents of caregivers’
questionnaires were mothers in Kiso town. On the one hand, Fig. 4.42 suggests that young
adolescents’ mode use is pretty similar when caregivers are employed full-time or part-time.
Furthermore, almost identical patterns can be detected for young adolescents with self-
employed and unemployed caregivers. On the other hand, a significant 15% decline in young
adolescents’ car use and a 14% increase in their walking/cycling can be observed when
transitioning their caregivers’ occupation from employee to self-employed (Table 4.81).
According to Table 4.80, the expected probability of selecting public transport among the
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household types stays nearly the same (around 11-13% of all the non-school trips). Although
it is hard to interpret the rationale behind the observed pattern, it is safe to say that certain types
of jobs are more time-sensitive, leading to more car use. Family travel patterns can affect young
adolescents’ travel behavior which is also observed in the case of Kiso town. Public transport
use remains almost unchanged, which is a little concerning. However, many families living in
small towns rely on private cars for daily trips and find the public transport service inconvenient
and unreliable, which can also be reflected in young adolescents’ mode choice.

Table 4.82 Margins of mode use at different levels of living
district in Kiso

Margin std. 2 P>z I?S% conf.
err. interval]
outcome #
B Living district
CAR# Fukushima | .72 02 3027 0000 .67 .77
Predictive margins CAR¥ Hiyoshi 58 05 1207 0000 48 67
1 CAR# Mitake 72 06 1.62 0000 .60 .84
CAR# Kaida 74 05 1444 0000 .64 85
Sel PT# Fukushima 08 01 554 0000 .05 .11
2 PT# Hiyoshi 16 04 390 0000 08 .24
3 PT# Mitake 18 05 347 0001 08 .28
= PT# Kaida 20 05 420 0000 .11 29
3 WC# Fukushima 20 02 9.05 0000 .15 .24
ol WC# Hiyoshi 26 04 619 0000 .18 35
; §>< WC# Mitake 10 04 232 0020 01 I8
WC# Kaida 05 03 201 0044 00 11
o]
Fukushima Hiyoshi Mitake kada Table 4.83 Contrast of mode use margins at different levels

Living district .. . . . .
of living district in Kiso

CAR —e— PT

we Contrast std. z P>z
err.
Figure 4.43 An illustration of the predictive margins (Hiiifsﬁ’igv‘ifsﬁﬁiigfrﬁ‘;;“&; 14 06 257 0010
of mode use at different levels of living district in (Hiyoshi vs. Fukushima) PT 08 04 1.72 0.085
Kiso (Hiyoshi vs. Fukushima) WC 07 05 134 0.180
(Mitake vs. Hiyoshi) CAR .15 08 176  0.078
(Mitake vs. Hiyoshi) PT .02 07 027 0784
(Mitake vs. Hiyoshi) WC -.16 .06 -2.56 0.011
(Kaida vs. Mitake) CAR .02 08 030  0.761
(Kaida vs. Mitake) PT .02 06 035 0729
(Kaida vs. Mitake) WC -.04 05 090  0.366

Finally, the choice model indicates that young adolescents in mainly two districts of
Kiso town, namely Fukushima and Hiyoshi, are more likely to walk/cycle rather than take a
car ride than those living in the somewhat remote Kaida district. Furthermore, the model
suggests that the chance of young adolescents’ public transport use in Fukushima is 61% less
than in Kaida. Fig. 4.43 reveals interesting information on young adolescents’ used modes in
different districts of Kiso town. Hiyoshi seems to be the district where the private car use for
non-school trips is the least among the four districts (58% of all the trips). The share of car
trips in the other districts is almost the same at 72-74% of all the trips (Table 4.82). Young
adolescents in Hiyoshi also walk/cycle more than the rest of the junior high school students
living in the other areas of Kiso town. In general, the plot in Fig. 4.43 shows that Fukushima
and Hiyoshi are more walking/cycling-friendly for students than Mitake and Kaida, where
public transport overtakes walking/cycling travel. However, the private car stays the dominant
mode in realizing young adolescents’ non-school trips in all areas of Kiso town.
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4.3.4 The Results of the General Model

Model fitting information included the value (-1683.29) for log-likelihood, a significant
chi-square value of (371.38) for the likelihood ratio test, and a value of (0.11) for McFadden
R square, which is a good fit. Table 4.84 is a summary of this model’s exponentiated
coefficients (odds ratios and relative risk ratios) in which only the significant variables are
shown. For a full report on the model’s estimates (logit values and odds ratios/relative risk
ratios), see Appendix F. To interpret the results, we rely on the estimates reported in Table 4.84
and the calculated margins for each significant variable of the general model. Also, the average
marginal effects can be used for further reference (see Appendix F).

Table 4.84 The estimated results (exponentiated coefficients) of the general choice model

Conditional logit choice model (Kiso) No. of observations 6324

Wald chi2 (40) 371.38 No. of cases 2108
Log-likelihood ~ -1683.29 Prob>chi2  0.00 Alternatives per case 3

Variables Odds ratio  std. err. z P>|z| [95% conf. interval]

Alternative-specific variables

Psychological

Perceived Benefits 1.19 .09 2.20 0.028 1.02 1.38

Social Support of friends 113 05 273 0.006 1.03 123

(students)

Social Support of caregivers 1.22 05 4.64 0.000 1,12 1.33

(caregivers)

Social Modeling of friends 1.10 04 2.24 0.025 1.01 1.19

(students)

Variables l.lelatlv.e Std. err. z P>z [95% conf. interval]
risk ratio

Case-specific variables
Public Transport (PT) estimates (base alternative: CAR)

Psychological

Self-Efficacy “PT over CAR 118 08 250 0.012 1.04 136
(students)

Socio-demographic

Having elder siblings (base: 68 12 221 0.027 49 96

not having)
Household construct (base: single parent and children)
Parents and children

Parents, grandparent/s, children
Single parent, grandparent/s,

. 2.57 1.11 2.18 0.029 1.10 6.00

children
Caregivers’ age (base: over 50)

Less than 40

40-50 .54 12 -2.75 0.006 .35 .84
Number of cars/household (base: three or more)

One

Two .60 12 -2.44 0.015 40 .90

cons 21 21 -1.57 0.117 .03 1.48
Walking/Cycling (WC) estimates (base alternative: CAR)
Environmental
Neighborhood Safety 1.23 11 2.33 0.020 1.03 1.46
Psychological
Self-Efficacy "WC over CAR” 1.13 07 213 0.033 1.01 1.27
(students)
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Variables l.lelatlv.e Std. err. z P>z [95% conf. interval]
risk ratio

Socio-demographic

Town (base: Toyoyama)

Minamiise .58 12 -2.56 0.010 38 .88

Kiso .63 .14 -2.00 0.046 40 .99
Grade (base: third grade)

First grade

Second grade 1.40 22 2.21 0.027 1.04 1.90
Caregivers’ job (base: full-time homemaker or unemployed)

Full-time employee .56 13 -2.48 0.013 .35 .88
Part-time employee .63 .14 -2.02 0.044 40 99
Full-time self-employed

cons .38 27 -1.35 0.176 .10 1.53

Only the variables with a significant relationship trend (p<0.10) in the preliminary steps were used in making
this final model.

For those variables reported by both students and their caregivers, the respondent is mentioned in parenthesis.
In the case of insignificant estimates for some of the levels of categorical variables, only the labels of the
insignificant levels are kept in the table for the sake of clarity.

Note: ¢ _cons’ estimates baseline relative risk for each outcome.

4.3.4.1 The effects of psychological variables on mode choice

According to Table 4.84, all psychological variables are positively affecting the outcome
(mode choice). Starting from the alternative-specific variables, the logit model demonstrates
that a one-unit increase in the perceived benefits (students’ perception toward each mode)
increases the odds of mode choice by 1.19. A new scenario was introduced to evaluate the
probability changes of mode choice when manipulating this variable. In the new scenario, we
proposed a one-unit increase for the perceived benefits of walking/cycling and public transport
and a one-unit decrease for the perceived benefits of private vehicles. The results of the
predictive margins are presented in Table 4.85, showing the probability of each mode used by
young adolescents in their non-school trips for the current and new scenarios. Table 4.86
highlights the significance of the differences between the current and the new scenarios.
Looking at Fig. 4.44 and Table 4.86, we can trace the results of the new scenario (green color)
in which the probability (vertical axis) of car trips would decrease by 7%, and the likelihood
of public transport and walking/cycling trips would increase by 2% and 5% respectively.
Although all the differences are significant, the changes in the probabilities are small.

Predictive marging with 95% Gl Table 4.85 Predictive margins for the current and new

ol scenarios of perceived benefits
0,
Margin std. z P>lz] [?5 % conf.
0 err. interval]
?’; _outcome# at
8o CAR¥ current 61 01 60.75 0000 .59 .63
3 CAR¥# new 53 03 15.06 0000 46 .60
s, | PT# current A1 01 16.73 0000 .09 .12
T PT# new 13 01 10030  0.000 .10 .15
ol WCH# current 28 01 31.13 0000 27 30
i WC# new 33 02 13.07 0000 28 39
w1 _ Table 4.86 Contrast of the predictive margins for the
ca P WC  current and new scenarios of perceived benefits
Transport mode
l —&— Perceived Benefits=Current Perceived Benefits=New | Contrast Z:(: z P>z
X . . Lo . _at@_outcome
Figure 4.44 An illustration of the predictive margins (New vs. current) CAR -07 03 217 0030
for perceived benefits (New vs. current) PT .02 .01 2.13 0.033
(New vs. current) WC .05 .02 2.18 0.029
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The results of the general model also show that junior high school students receiving
more social support from their caregivers and friends for utilizing each specific mode of
transport had higher odds of realizing trips with those respective means of transport. A new
scenario was introduced to interpret the model results for this variable, and the probability of
mode choice was compared between the current and the new situation. In this new scenario,
we proposed increasing the social support for using walking/cycling and public transport by
one unit and decreasing the social support for using the car by one unit. It is noteworthy that
the social support variable was evaluated by the amount of perceived encouragement for using
each mode and the frequency of trips made together with young adolescents and their
significant others by each transport option.

Results of the margins for friends’ and caregivers’ support can be seen in Table 4.87 and 4.89,
respectively, which is also illustrated in Fig. 4.45 and 4.46. Based on the contrast results in
Table 4.88 and 4.90, introducing the new scenario can significantly change the probability of
mode use. Given the circumstances of the new scenarios, young adolescents’ use of WC and
PT for their non-school trips would increase a little more by changing their caregivers’ support
than their friends (2% vs. 1% for PT, and 6% vs. 4% for WC). Caregivers’ support (compared
to friends’) has a more substantial effect in decreasing the probability of car use (9% vs. 5%).

Predictive margins with 95% Cls Table 4.87 Predictive margins for the current and new

o scenarios of social support from friends (students)
. std. 95% conf.
0 Margin err. ‘ P>[z] [interval]
g _outcome# at
g CAR¥ current 61 0l 6075 0000 59 .63
3 CAR# new 55 02 2567 0000 .51 .60
= PT# current a1 0l 1673 0000 .09 .12
T PT# new 12 01 1348 0000 .10 .14
WC# current 28 01 3113 0000 27 30
N WCH new 32 02 1941 0000 29 35
- C ; — Table 4.88 Predictive margins contrast of the current and
AR (17

° new scenarios for social support from friends (students)

Transport mode
l —e— Social Support/Friends=Current Social Support/Friends=New I

std.
Contrast z P>|z|

err.

: : : L : _at@_outcome

Figure .4.45 An 111ustratlop of the predictive margins (New vs. current) CAR 05 0w 271 0,007
for social support from friends (students) (New vs. current) PT 01 .00 2.66 0.008
(New vs. current) WC .04 .01 2.71 0.007

Predictive margins with 95% Cls Table 4.89 Predictive margins for the current and new

o scenarios of social support from caregivers (caregivers)
Margin std. 2 P>lz] [?5% conf.
0 | err. interval]
= _outcome# at
%« | CAR¥ current 61 0l 6075 0000 59 .63
] CAR# new 52 02 2436 0000 48 .56
= PT# current a1 0l 1673 0000 .09 .12
T PT# new 13 0l 1404 0000 .1 .15
WC# current 28 0l 3113 0000 27 30
T WC# new 34 02 2097 0000 31 38
1 ; ~ Table 4.90 Predictive margins contrast of the current/new
CAR PT

TRSTEmEEs scenarios for social support from caregivers (caregivers)

|+Socia| Support/Caregivers=Current

Social Support/Caregi! N I
Contrast std. z P>|z|
err.
. . . . . . t t
Figure 4.46 An illustration of the predictive margins (Nev;i?gﬁ;?;“g AR 09 02 46r 0000
for social support from caregivers (caregivers) (New vs. current) PT 02 .00 443 0.000
(New vs. current) WC .06 .01 4.65 0.000
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Table 4.84 also shows that a one-unit increase in the perceived frequency of mode use
by young adolescents’ friends can positively affect selecting the respective modes for their
non-school trips. A new scenario featuring the same criteria was proposed for assessing friends’
modeling influence on students’ mode choice (a one-unit increase for the perceived usage
frequency of WC and PT and a one-unit decrease for the perceived frequency of car use by
friends). Social modeling was reported on a 5-point Likert scale and assumed to be a continuous
variable to simplify the modeling. Therefore, one unit is quite symbolic, interpreted as more or
less frequent use than the current travel behavior.

Running the “margins” command in Stata results in the contents of Table 4.91 showing
the probability of each mode used by young adolescents in their non-school trips for the current
and new scenarios. Table 4.92 represents the predictive margins contrasts between the current
and the new scenarios. These numerical results are depicted in Fig. 4.47. Looking at Fig. 4.47
and Table 4.92, we can trace the significant effects of the new scenario (green color) in which
the probability (vertical axis) of car trips would decrease by 4%, and the likelihood of public
transport and walking/cycling trips would increase by 1% and 3%, respectively. Although all
the differences are significant, the changes in the probabilities are pretty small.

Predictive margins with 95% Cls Table 4.91 Predictive margins for the current and new

. scenarios of social modeling of friends (students)
Margin std. 2 P>lz] [?5% conf.
0 err. interval]
s _outcome# at
£, CAR# current 61 01 6075 0000 59 .63
3 CAR# new 57 02 2781 0000 .53 .61
e PT# current 11 0l 1673 0000 .09 .12
5 PT# new 12 01 1368 0000 .10 .14
WC# current 28 01 3113 0000 27 30
] WCH new 31 01 1988 0000 28 34
- Table 4.92 Predictive margins contrast of the current/new

T T
CAR PT

wC . . . .
Transport mode scenarios for social modeling of friends (students)

l—O— Social Modeling/Friends=Current Social Modeling/Friends=New | a
Contrast std. z P>|z|

err.

: : : E : _at@_outcome

Figure .4.47 An 1.11ustrat1(.)n of the predictive margins (New v, current) CAR o4 0w 292 006
for social modeling of friends (students) (New vs. current) PT 01 00 290 0.028
(New vs. current) WC .03 .01 222 0.026

Regarding the case-specific variables, the conditional logit model results in Table 4.84
show that those young adolescents who perceive themselves more capable of selecting
walking/cycling over the private car under challenging circumstances are 1.13 times more
likely to realize WC trips than car trips. Fig. 4.48 visualizes the predictive margins (shown in
Tables 4.93) of choosing different transport modes when increasing the self-efficacy for WC
with increments of one unit. As young adolescents become more self-efficacious in
walking/cycling, the expected probability of active non-school trips rises. At the highest level
of self-efficacy (WC over the car), there is approximately a 10% increase in the probability of
walking/cycling compared to the lowest level. According to Table 4.94, all the reverse adjacent
contrasts are significant at the 0.05 significance level for WC trips. Although the expected
probability of public transport and car trips is witnessing a gradual decrease, no significant
difference is seen between the reverse adjacent levels of self-efficacy (Table 4.94).

Additionally, young adolescents recognizing themselves as more capable of traveling
with public transport (when a private car also exists) are 1.18 times more likely to choose
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Table 4.93 Predictive margins at 1-5 levels of self-
efficacy (WC over the car) (students)

Margin std. 2 P>lz] [9.5% conf.
at err. interval]
CAR#I 64 02 2543 0000 .59 69
CAR#2 63 02 3876 0000 .59 66
CAR#3 61 01 5939 0000 .59 63
CAR#4 59 01 4290 0000 .57 62
Predictive margins with 95% Cls CAR#5 57 02 24.71 0.000 53 62
9 PT#1 12 02 698 0000 .09 16
PT#2 12 01 1088  0.000 .09 14
]! L4 5 . ] PT#3 11 01 16.56 0.000 .10 12
g T P 10 01 1237 0000 .09 12
g PT45 10 01 753 0000 07 .12
LS WCH1 23 02 1037 0000 .19 28
= wCH2 25 01 1691 0000 23 28
&l WCH#3 28 01 2915 0000 26 30
T _ _ WCH#4 30 01 2410 0000 28 33
1 ¢ * b —*  wess 33 02 1484 0000 28 37
° T T T T r  Table 4.94 Contrast of margins between adjacent
Self-Efficacy "WC over CAR" (children) levels of self-efficacy (WC over the car) (students)
° CAR —e—PT Contrast std. err. z P>z
—e— WC
at@_outcome
-01 01 -1.44 1
Figure 4.48 An illustration of the predictive margins (izv‘s,sli)cl;ATR _.gl .81 2079 3.42?
when increasing the self-efficacy (WC over the car) (2 vs ) WC 02 01 247 0.014
(students) (3 vs2) CAR -.02 01 -1.50 0.132
(3vs2)PT -01 01 -0.85 0395
(3 vs 2) WC 02 01 232 0.020
(4 vs 3) CAR -.02 01 -1.56 0.120
(4vs3)PT -01 01 -0.92 0355
(4 vs 3) WC 02 01 221 0.027
(5 vs 4) CAR -.02 01 -1.60 0.110
(5vs 4) PT -01 .00 -1.01 0312
(5 vs 4) WC 02 01 2.13 0.033
Table 4.95 Predictive margins at 1-5 levels of self-
efficacy (PT over the car) (students)
Margin std. 2 P> [9.5% conf.
at err. interval]
CAR#I 64 02 3823 0000 .60 67
CAR#2 62 01 5574 0000 .60 64
CAR#3 60 01 5325 0000 .57 62
Predictive margins with 95% Cls CAR#4 .57 .02 32.53  0.000 .54 .60
@ CAR#5 55 03 2080 0000 .50 60
PT#1 09 01 865 0000 .07 11
o PT#2 10 01 1379 0000 .09 11
T ¢ PTH3 11 .01 15.90  0.000 .10 13
2 PT#4 13 01 1076 0.000 .10 15
AR PT#5 14 .02 7.37  0.000 .10 18
= }_’_k_ﬁklk_,_} WCH1 27 01 17.57  0.000 24 30
£, wCH2 28 01 2750 0000 .26 30
; WCH#3 29 01 2896 0000 .27 31
p—/—n——’-"_”i"% WCH4 30 01 1933 0000 .27 33
o WCHS 31 02 1331 0000 26 35
! Solt.Efficacy "PT over Car" (chidren) ®  Table 4.96 Contrast of margins between adjacent
AR —e— pT levels of self-efficacy (PT over the car) (students)
—&— WC
Contrast std. err. z P>|z|
at@_outcome
Figure 4.49 An illustration of the predictive margins (2 vs 1) CAR -.02 01 -2.50 0.013
when increasing the self-efficacy (PT over the car) (2vs D PT 01 00 2.51 0.012
(students) (2vs 1) WC 01 01 1.27 0.205
(3 vs2) CAR -.02 01 -2.47 0.013
(3vs2) PT 01 .00 223 0.026
(3 vs2) WC .01 01 118 0.239
(4 vs 3) CAR -.02 01 -2.46 0.014
(4vs 3) PT 01 01 2.01 0.044
(4 vs3) WC 01 01 1.09 0278
(5 vs 4) CAR -.02 01 -2.46 0.014
(5vs 4) PT 01 01 1.85 0.064
(5 vs 4) WC .01 01 0.99 0323
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means of public transport over private vehicles to realize their non-school trips. Fig. 4.49
demonstrates the increasing trends in the expected probability of WC and PT and a decreasing
trend in the predicted probability of car trips when young adolescents’ self-efficacy for using
PT increases from 1 (the lowest) to 5 (the highest) with one unit of increment. According to
Table 4.95, young adolescents being the most self-efficacious in using PT under difficult
circumstances are nearly 9% less likely to take a ride in a car and 5% more likely to use PT for
their non-school trips than those with the lowest level of such capability. According to Table
4.96, most of the reverse adjacent contrasts for the expected probability of car and PT trips are
significant at the 0.05 significance level. Although the anticipated probability of
walking/cycling increases slowly, no significant difference is seen between the reverse adjacent
levels of self-efficacy (Table 4.96).

4.3.4.2 The effects of environmental variables on mode choice

As for the environmental variables, neighborhood safety seems to affect the probability
of walking/cycling positively. According to the results of Table 4.84, one unit increase in the
neighborhood safety perception increases the odds of WC by 1.23 compared to a car ride. To
examine the effects of neighborhood safety on mode use probability, margins were calculated
for each category of transport modes when changing the neighborhood safety between the
minimum and maximum reported values with one-unit increments (Table 4.97). Fig 4.50 shows
the trends of all modes in one graph. Despite the insignificant change in the probability of
public transport, a gradual increase can be detected for WC trips (16% increase from the lowest
to the highest level of neighborhood safety).

Table 4.97 Predictive margins at 1-5 levels of

neighborhood safety
Margin std. 2 P> [?5% conf.
err. interval]
_at

CAR#1 .66 .03 20.42 0.000 .59 72
CAR#2 .63 .02 35.39 0.000 .60 .67
CAR#3 .61 .01 57.81 0.000 .59 .63
Predictive margins with 95% Cls CAR#4 .58 .02 26.64  0.000 .53 .62
@© - CAR#5 .55 .04 14.21 0.000 A7 .62
PT#1 13 .02 543 0.000 .08 17
° PT#2 12 .01 10.43 0.000 .09 .14
-’%‘ i PT#3 11 .01 15.03 0.000 .09 12
g PT#4 .10 .01 6.78 0.000 .07 12
< PT#5 .09 .02 3.97 0.000 .04 13
% /V//%///f% WCH#1 21 .03 7.73 0.000 .16 27
EN t/i/j/ WCH#2 25 .02 14.64 0.000 21 28
1 WCH#3 28 .01 30.21 0.000 27 .30
b L3 3 3 % WCH#4 32 .02 16.34  0.000 28 36
o WCH#S5 37 .04 9.79 0.000 72 44

o

s Table 4.98 Contrast of margins between adjacent

3
ey levels of neighborhood safety

CAR —e— PT

e we Contrast std. err. z P>|z|
at(@_outcome
Figure 4.50 An illustration of the predictive margins (2(3; 1) CAR 02 02 147 0.141
when increasing the neighborhood safety (2vs 1) PT -01 01 -0.75 0.455
(2vs 1) WC .03 01 2.82 0.005
(3 vs2) CAR -03 02 -1.61 0.106
(3vs2)PT -.02 01 -0.85 0.396
(3vs2) WC 04 01 2.52 0.012
(4 vs 3) CAR -.03 02 -1.71 0.087
(4vs3)PT -01 01 -0.98 0.326
(4vs 3) WC 04 02 2.34 0.019
(5 vs 4) CAR -.03 02 -1.78 0.075
(5vs4)PT -01 01 -1.16 0.247
(5vs 4) WC 04 02 2.24 0.025
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According to Table 4.98, the contrasts of the predicted margins between the adjacent
neighborhood safety levels are only statistically significant for WC trips. Nevertheless, along
with this increasing trend in the probability of WC trips between the minimum and maximum
levels of neighborhood safety, an 11% decrease is seen for the likelihood of car trips.

4.3.4.3 The effects of socio-demographic variables on mode choice

The general model shows that young adolescents enrolled in the second grade of junior
high school are 1.40 times more likely to use walking/cycling instead of the private car for their
non-school trips than those in the third grade. The results of the predictive margins illustrated
in Fig. 4.51 and Table 4.99 indicate that second-grade students use private vehicles the least,
and third graders use them the most. According to the reported margin contrasts in Table 4.100,
the probability of WC trips drops by 6% when moving from the second to the third grade.
Although the expected probability of choosing public transport increases around 3% from the
first to the third grade (Table 4.99), the change is pretty small and not statistically significant.

Table 4.99 Margins of mode use for young adolescents’ age
(students’ grade)

Predictive margins with 95% Cls Margin std. 2 P>z |9.5% conf.
© err. interval]
outcome# Grade
CAR# first 61 02 3407 0000 58 .65
) CAR# second 58 02 2933 0.000 .54 .62
& CAR# third 63 02 3170 0000 59 .67
o PT# first .09 01 7.54 0000 .06 .11
= . I PT# second 11 .01 8.82 0.000 .09 .14
s |t T PT#ahid 12 01 9.80 0000 .10 .14
S o WCH first 30 02 1776 0.000 26 .33
PO 4 §  WCH# second 30 02 1680  0.000 .27 34
. WCH third 25 02 13.85 0000 21 .28
First Second i Table 4.100 Contrast of mode use margins for young
Enrolling grade adolescents’ age (students’ grade)
CAR —e— PT
—®— WC
Contrast std. err. z P>|z|
. . . P . Grade @_outcome
Figure 4.51 An illustration of the predictive margins (Second vs. first) CAR 03 0 TNy
of mode use for young adolescents’ age (students’ (Second vs. first) PT 02 02 151 0132
grade) (Second vs. first) WC 01 02 033 0738
(Third vs. second) CAR .05 03 184  0.066
(Third vs. second) PT .00 02 032 0747
(Third vs. second) WC -.06 .02 -2.23 0.025
Predictive margins with 95% Cls Table 4.101 Margins of mode use for having elder siblings
@ 4
) Margin std. 2 P> [?5% conf.
err. interval]
_© outcome# Having
8 elder siblings
3 CAR#0 59 01 3752 0000 .55 .62
8« CAR# 1 62 01 4200 0000 .60 .65
= 3 . PT#O 13 01 1118 0.000 .10 .15
£ T PT#I 09 01 1102 0000 .07 .11
i WCH0 29 01 2053 0000 26 31
= $  WCH#1 28 01 2021 0000 25 31
o]
X T Table 4.102 Contrast of mode use margins for having elder
Having elder siblings siblings
CAR —e— PT std.
—e— WC Contrast err. z P>|z|

Having elder siblings@ outcome

Figure 4.52 An illustration of the predictive margins (11"5‘ Oé)clf‘TR '(())43 'g? 12'6097 8'833
. . . Vs. - B -2. B
of mode use for having elder siblings (1=have, O=not) (1vs. 0) WC -0l © 037 0713
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Moreover, the model results in Table 4.84 show that those young adolescents with elder
siblings are 32% less likely to take public transport than a ride in the car. The predictive
margins for this variable are presented in Tables 4.101 and illustrated in Fig. 4.52. According
to Table 4.102, the only statistically significant difference in mode use between adolescents
with/without elder siblings is observed for public transport trips. Having an elder brother/sister
could translate to less probability of using public transport (3% as reported in Table 4.102).
Although insignificant, the likelihood of non-school car trips increases for those with elder
siblings.

As for the household construct, the model results indicate that adolescents in single-
parent households living with grandparents are 2.57 times more likely to take public transport
than the private vehicle for their non-school trips. The results of the calculated margins
depicted in Fig. 4.53 also show different patterns of used modes between the two types of
single-parent households (numbers 3 and 4 on the horizontal axis). According to Table 4.104,
the probability of using public transport drops significantly by 7% for adolescents living in
single-parent households compared to those who live with a single parent and grandparent/s.
The patterns of used modes in families with two parents (number 1 and 2 on the horizontal
axis) are pretty similar, except that adding grandparent/s to a two-parent family can increase
the likelihood of active non-school trips among young adolescents.

Table 4.103 Margins of mode use at different levels of
household construct

" Predictive margins with 95% Cls Margin std. 2 P> I?S% conf.
2 err. interval]
outcomett
Household
< CAR#1 .61 .01 46.82 0.000 58 .64
CAR#2 .59 .03 19.96 0.000 54 .65

< CAR#3 .57 .04 13.38 0.000 49 .66

) CAR#4 .62 .04 15.06 0.000 .54 .70
PT#1 11 .01 12.57 0.000 .10 13

N4 PT#2 .10 .02 5.99 0.000 .07 13
I\—}_’/’%\i PT#3 .14 .03 4.66 0.000 .08 .19
PT#4 .06 .02 3.29 0.001 .02 .10

Pr(altl1 selected)

; X 3 % WCH#1 27 .01 23.87 0.000 25 .30
Household construct WCH#2 .30 .03 10.54 0.000 25 .36

CAR T WCH#3 29 .04 7.21 0.000 21 37

we WCH#4 32 .04 8.11 0.000 24 40

. ) ) o . Table 4.104 Contrast of mode use margins at different levels
Figure 4.53 An illustration of the predictive margins of f household construct

mode use at different levels of household construct

Contrast std. z P>|z|

err.

. . Household @_outcome

The numbers on the horizontal axis represent: (2 vs 1) CAR 01 03 -0.45 0.654
. . (2vs 1) PT 01 02 -0.70  0.486
1: Parents and children (@ vs 1) WC 03 03 0.50 0.368
2: Parents, children, and grandparent/s (3vs2) CAR -.02 .05 -0.43 0.665
. . (3vs2)PT .04 .03 1.07 0.283
3: Single parent, children, and grandparent/s (3 vs 2) WC _01 05 029 0972
4: Single parent and children (4vs 3) CAR 04 06 078 0436
(4vs3)PT -.07 .03 224 0.025
(4vs3) WC .03 .05 0.55 0.583

The model results in Table 4.84 show that young adolescents living in families owning
two private vehicles (compared to families with multiple cars) are 40% less likely to use public
transport instead of the car in their non-school trips. The calculated margins of Table 4.105
illustrated in Fig. 4.54 surprisingly indicate that the probability of non-school car trips is the
least for adolescents in households with three or more cars among the three categories of
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household car ownership. Young adolescents in two-car households have the lowest probability
of using PT. Surprisingly, students living in a home with multiple car ownership are 4% more
likely to use means of public transport for their non-school trips than families owning two
private vehicles (Table 4.106). The mentioned difference is the only statistically significant
contrast among the reverse adjacent levels.

Table 4.105 Margins of mode use for the number of cars

per household
0,

Predictive margins with 95% Cls Margin Ztr‘i z P>{z] Igilsnt?nc/;;l]ﬂ

@ outcome#

Cars/house

o CAR#1 .62 .03 21.22 0.000 .56 .67
§ . CAR#2 .62 .01 42.00 0.000 .59 .65
g CAR# >=3 57 .02 24.17 0.000 53 .62
S« PT#1 12 .02 5.58 0.000 .08 17
= PT#2 .09 .01 10.35 0.000 .07 11
% %’/—//§ 4% PT#>=3 13 .01 8.57 0.018 .10 .16
N WCH#1 .26 .02 10.85 0.000 21 .30
}\F/i WC#2 29 .01 21.08 0.000 26 31
o WC#>=3 29 .02 12.97 0.000 25 .34

1 2 >3 Table 4.106 Contrast of mode use margins for the number of
Number of cars/household
cars per household

CAR —e— PT
we Contrast std. err. z P>|z|
) . . R . Cars/house @_outcome
Figure 4.54 An illustration of the predictive margins of (2 vs. 1) CAR 00 03 010 0921
mode use for the number of cars per household (2vs.)PT -.03 .02 139 0.165
2 vs. ) WC 03 03 1.06 0291
(>=3 vs. 2) CAR -04 03 -1.61  0.108
(>=3vs.2) PT 04 02 222 0.026
(>=3vs.2) WC .00 03 021  0.833

Table 4.107 Margins of mode use at different levels of
caregivers’ job

Predictive margins with 95% Cls

@ Margin std. 2 P>lz |9.5% conf.
err. interval]
outcome#

=@+ Caregivers’ job
8 CAR#1 63 02 37.69 0.000 .60 66
§ CAR#2 61 02 37.68 0.000 57 64
B9 CAR#3 58 03 17.66 0.000 51 64
2 [’/_fff_,_—i./% CAR#4 .52 .04 12.18 0.000 44 60
£l PT#1 .10 01 10.36 0.000 .08 12
L _ 1 % PT#2 11 01 10.32 0.000 .09 13
& = 1 PT#3 13 02 5.39 0.000 .08 17
o PT#4 11 03 3.97 0.000 .06 17
1 2 3 4 WeCHl 27 01 1717 0000 24 30
Caregivers' job WC#2 28 01 1943 0000 25 31
CAR —e— PT WCH#3 29 03 9.96 0.000 24 35
—e— WC WCH#4 36 04 9.04 0.000 28 44

Table 4.108 Contrast of mode use margins at different

Figure 4.55 An illustration of the predictive margins levels of caregivers’ job

of mode use at different levels of caregivers’ job

Contrast std. z P>|z|
err.

. .. . . Caregivers’ job @_outcome
List of abbreviations used in the tables: (2 vs 1) CAR 02 0 2100 0319
1: Full-time employee (2vs1)PT .00 .01 0.40 0.686
. 2vs1)WC .02 .02 0.81 0.419
2: Part-time employee (3 vs 2) CAR -.03 04 077 0441
) ) (3vs2)PT 02 02 069 0493
3: Full-time self-employed (3 vs2) WC o1 03 031 0.754
4: Unemployed (4 vs 3) CAR -.06 05 2109 0276
(4vs3) PT -01 04 031 0756
(4 vs 3) WC 07 05 141 0158
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Additionally, the model results indicate that young adolescents with full-time and part-
time employed caregivers are respectively 44% and 37% less likely to choose walking/cycling
instead of the private car than those with unemployed caregivers. Table 4.107 shows the result
of the calculation of the predictive margins. Although none of the margins’ contrasts reported
in Table 4.108 are statistically significant, the pattern of students’ mode use among different
classifications of caregivers’ occupation can be compared. Fig. 4.55 suggests that young
adolescents’ mode use changes consistently toward more use of active modes and public
transport and less use of private cars when moving from the left of the graph to the right (from
number 1: full-time employed to number 3: self-employed caregivers). The same trend
continues for mode choice of adolescents with unemployed caregivers (number 4 on the
horizontal axis), except that the gradual increase and decrease in the respective probability of
WC and cars become sharper for this group. The probability of PT use for adolescents with
unemployed caregivers is nearly as small as the PT probability value for students with full-
time/part-time employed caregivers (around 10-11%).

Table 4.109 Margins of mode use for different levels of
caregivers’ age

Predictive margins with 95% Cls Margin std. z P>[z| [95% conf.
err. interval]
© - outcome#
Caregivers’ age
o4 CAR¥ <40 59 .03 2272 0.000 54 64
3 CAR# 40-50 62 01 50.63  0.000 59 64
8« CAR#>50 56 .03 18.19  0.000 50 .62
@ PT# <40 13 02 6.88 0.001 09 .16
1] $ l PT# 40-50 .09 01 12.63  0.000 08 .11
£ |l L presso .15 02 6.89 0.001 11 .19
N9 WC# <40 28 02 11.94  0.000 23 32
] }\/‘{ WCH# 40-50 28 01 25.41 0.000 26 31
s i , WC#>50 29 .03 9.88 0.000 23 34
<40 40-50 >5 - ;
Caregivers' age Table 4.110 Contrast of mode use margins for different
CAR —e— PT levels of caregivers’ age
—e— WC
Contrast Z:‘: z P>|z|
Figure 4.56 An illustration of the predictive margins of ™ Caregivers’ age @ outcome

mode use for different levels of caregivers’ age (40-50 vs. <40) CAR 03 03 091 0.363
(40-50 vs. <40) PT -.03 .02 -157 0117
(40-50 vs. <40) WC .00 .03 0.19 0.846
(>50 vs. 40-50) CAR -.06 .03 -1.70  0.088
(>50 vs. 40-50) PT .05 .02 2.38 0.017
(>50 vs. 40-50) WC .00 .03 0.05 0.963

Furthermore, based on Table 4.84, young adolescents whose caregivers are in their 40s
(compared to over 50) are 46% less likely to use PT rather than the car. Table 4.109 represents
the predictive margins for this variable. According to Fig. 4.56, the probability of active modes
is stable among different categories of caregivers’ age. However, students with caregivers in
their 40s are most likely to use the private car and least likely to use the means of public
transport for their non-school trips. According to Table 4.110, a discrete change from
caregivers aged 40-50 to those over 50 can increase the probability of public transport for non-
school trips by a statistically significant value of 5% and decrease the likelihood of car trips by
6% simultaneously.

Last but not least, the estimations of Table 4.84 indicate that young adolescents living
in Minamiise and Kiso are 42% and 37% less likely to use active modes of transport than the
car for their non-school trips compared to those living in Toyoyama. Fig. 4.57 shows that young
adolescents living in rural areas have more tendency to use motorized modes of transport than
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active modes compared to those living in a walking/cycling-friendly suburb. However,
according to Table 4.112, the drop in the share of active trips (9-11%) is the only statistically
significant change.

Predictive margins with 95% Cls Table 4.111 Margins of mode use for different case studies
©
0,
Margin std. 2 P>z |9.5 % conf.
err. interval]

%‘w' ) outcome# Grade
§ CAR# 1 57 03 2154 0.000 52 .62
S | CAR#2 63 02 2524 0.000 58 .68
= }\ CAR#3 64 03 2452 0.000 59 .70
) T - % PT# 1 09 01 578 0000 .06 .12
& oy B PT#2 14 02 815 0000 .10 .17
?'//’i\f PT#3 10 01 7.19 0000 .07 .13
o] WCH# 1 34 02 1387 0000 29 39
T I T won 23 02 1003 0000 .18 27
Towns WC#3 25 02 9.93 0000 20 30

CAR —e— PT . .
e wC Table 4.112 Contrast of mode use margins for different case
studies
Figure 4.57 An illustration of the predictive margins Contrast  std. err. 2 P>l
of mode use for different case studies
Grade @_outcome

. . ) (2 vs 1) CAR 06 04 148 0138
The numbers on the horizontal axis represent: (2 vs 1) PT 05 0 193 0.053
1: Toyoyama (2 vs 1) WC -11 04 287 0.004
o (3 vs 2) CAR 01 03 042 0676
2: Minamiise (3vs2)PT -.04 02 -172 0.085
3: Kiso (3 vs2) WC 02 03 078 0436

4.4 Conclusion

Chapter 4 is a detailed explanation of the descriptive and inferential statistics of the
research. Firstly, the sample statistics of each town were provided. Secondly, the responses of
young adolescents and their caregivers were compared through the correlation analysis. Next,
detailed information was provided regarding the nature of non-school trips based on three
distinguished categories of transport modes, namely 1) walking/cycling, 2) public transport,
and 3) private cars. Following the descriptive statistics, the results of the choice models (one
separate model for each town, and a general model) were presented by explaining the
exponentiated coefficients and the calculated margins for the variables toward which a
significant association was observed. The margins provided an intuitive way of interpreting the
results by considering the effects of a slight change in the predictors on the probabilities of
selecting different modes. The choice models’ results were explained under four subheadings
of a) built environment, b) psychological, c¢) (independent mobility)-related variables, and d)
socio-demographic characteristics. As previously mentioned in subsection 3.7.3, the final
models were made by incorporating the significant variables extracted from the preliminary
models made for each town. Therefore, the final models do not include the same variables, and
the results of each town are distinctive. The same procedure was applied for developing the
general model, which provides evidence for policymakers at levels higher than the local level,
such as regional or national, by generalizing the findings.
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Chapter 5: Discussion



5.1 Introduction

The current study attempts to rethink the independent mobility of young adolescents for
non-school purposes in rural and suburban areas in Japan from a socio-ecological perspective.
To the best of our knowledge, non-school travel is an understudied field in the mobility of
children and youth, and the inclusion of public transport as a means of realizing independent
mobility for young adolescents is scarce (if non-existent). Besides, by considering the beliefs
and perceptions of both caregivers and the young adolescents, this research seeks to picture the
determinants of the mode choice among the mentioned age group more holistically. A
simplified summary is provided in Table 5.1 for comparison, portraying an overarching view
on the significant enablers and disablers of walking/cycling (WC) and public transport (PT) in
the three case studies found in the choice models (separate and general) in chapter 4.

The following discussion elaborates the results concerning the distinctive predictors of
independent non-school travel among the case studies (considering the unique impact of each
town’s characteristics on mobility patterns). The titles (suburban, coastal, mountainous) are
only used to emphasize the geographical contexts, and by no means, try to generalize the
results. The findings of the separate models and the general model are interpreted and discussed
using the available statistics/features of each town and evidence in the existing literature. Since
there are many similarities between the positive contributors of walking/cycling and public
transport, the findings will be jointly discussed. The negative estimates are only found for the
categories of “independent mobility” and “socio-demographic” and are unrelated among the
modes. Therefore, they will be discussed separately for active and public transport trips. After
discussing the results, context-tailored and general policies will be proposed.

5.2 Positive Estimates of WC & PT Non-School Trips

As Table 5.1 suggests, there are similarities and discrepancies among the enablers of
walking/cycling and public transport in the three case studies, which should be discussed in
respect of the distinctive natural/geographical, demographic, and spatial environments of the
towns. Building on this premise, the choice model for the small-sized suburban environment
with the highest share of reported active travel for non-school trips (around 45%) reveals the
highest number of positive estimates of walking/cycling followed by the large-sized
mountainous context in which only 18% of the non-school travel was conducted on foot or by
bicycle. Apart from the fact that the distance between origin and destination of trips is usually
longer in rural areas, Sjolie (2002) also found that rural adolescents are less likely to travel
long distances on foot or by bicycle than their urban counterparts. Regardless, the positive
predictors of walking/cycling will be discussed in the order of presentation in Table 5.1.

5.2.1 Built Environment Predictors (Safety, WC Environment)

The only significant association between the subjective measure of “neighborhood
safety” from the “built environment” construct was found for the mid-sized town (Minamiise).
Neighborhood safety (especially traffic) is very much affected by density, number of
cars/intersections, drivers’ behavior, and other built environment characters. Although
Minamiise may not have the criteria of a walking/cycling-friendly urban environment, its
geography and the layout of its numerous settlements along the coastline, not too steep hilly
terrains, and beautiful sceneries give it a relatively acceptable appeal for walking/cycling.

109



However, fairly longer trip distances compared to a place like Toyoyama, more difficulty
associated with cycling due to the topographical features, less enforcement for traffic-calming
measures because of the low density, and the coexistence of humans and wild animals in the
untamed natural environment make active trips challenging. As a result, students who
perceived the environment to be safer from the danger of traffic, crime, and wild animals were
more likely to travel on foot or by bicycles to non-school destinations. However, neglecting to
acknowledge the importance of “neighborhood safety,” particularly the criteria associated with
traffic and wild animals in rural areas of Japan, can adversely affect children’s opinion about
active trips (Drianda & Kinoshita, 2011).

On the other hand, “neighborhood safety” was not even in the list of the selected
variables from the preliminary models developed for Toyoyama town (see Fig. 3.14), which
might not be easily justifiable. As mentioned in subsections 3.3.1, the size of Toyoyama and
its flat environment make it a walking/cycling-friendly environment, which is appealing not
only to children but adults. This town was the only place where children reported out-of-
hometown destinations for cycling trips (subsection 4.2.1). Nevertheless, private vehicles are
the primary mode of almost half of children’s travel and around two-thirds of adults’ trips,
imposing possible traffic safety issues. Compared to urban and rural environments, and
considering the characteristics of this town, such as size and population, Toyoyama appears to
be relatively saturated in terms of the activation of walking/cycling. More objective data on
traffic safety measures are required to justify Toyoyama town’s choice model results.

As for the largest case study with the most challenging natural environment regarding
mobility (longer trip distances and many sharp altitude fluctuations), “neighborhood safety”
was an insignificant estimate even in the preliminary models (see Fig. 3.14). Based on the
discussed characters of Kiso in subsection 3.3.3, although active modes do not seem to be an
ideal transport option in this town, they may be used for a small part of a trip (see Fig. 3.9).
However, it can be said that the natural/built environment features are far more influential in
children’s preference for using active modes than safety measures. Young adolescents’
perception about “neighborhood safety” was also found significant in the estimation of WC
trips in the general model, indicating the importance of this environmental criterion in
encouraging young adolescents to travel more on foot or by bicycle. It is noteworthy that traffic
safety situations could differ in the three case studies. Hence, it is necessary to include
objectively-measured traffic safety items in the modeling to evaluate better the influence of
this variable on children’s mode choice.

In contrast to WC trips, no association was found between the items of the built
environment (safety and walking/cycling facilities) and public transport trips. The existing
literature suggests that most PT trips comprise a short active journey to the stations or bus
stops; hence, promoting neighborhood safety can indirectly affect public transport use (Jones
et al., 2012). Later, the findings of this study regarding the connection of active modes and
public transport will be discussed, which are a little inconsistent and need further exploration.

5.2.2 Psychological Predictors

5.2.2.1 Individual-level (adolescent)

According to the results, in the small-sized suburb, adolescents’ higher perception of
their capabilities (in making WC against car trips) significantly contributes to more use of
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active modes and simultaneously less being driven in a private car, which translates to more
independent mobility for non-school travels. Considering that active trips are pretty common
among the target age group in Toyoyama for school and non-school trips, the observed
association between self-efficacy and the actual active travels emphasizes the role of learning
through exposure and repetition, which contributes to children’s capability building (Bandura,
1989). Such a relationship was already found in the context of school travel among young
adolescents (Lu et al., 2015).

Young adolescents’ perception about self-efficacy (WC over the car) has not been found
significant in any of the other case studies, which may emphasize the unfriendliness of the
natural/built environment for realizing active trips in Minamiise and Kiso. Regarding
children’s perception of their PT self-efficacy, same pattern was seen, which is a little
surprising since young adolescents access a free town bus pass and have some opportunities
for building self-esteem through practice and repetition in Minamiise and Kiso. The author
suspects that the size of the town and its travel environment play an essential role in
intimidating our target age group for making public transport trips. As subsection 3.3.2
explains, in Minamiise, the bus service is infrequent, and usually, there is no direct route,
especially for getting out of town. Transfers are complicated and worrisome for children
preventing them from taking trips on their own. Caregivers’ perception seems to be more
critical in bigger and more challenging built environments (will be discussed in the following
subsection.)

Apart from the variable mentioned above, the general model also highlights the role of
young adolescents’ positive perception regarding their capabilities in using public transport
against the private vehicle on the increased number of public transport trips and fewer car rides.
The predictive margins in subsection 4.3.4.1 revealed that becoming more efficacious in using
active modes over the private vehicle will not necessarily have a positive effect on choosing
the means of public transport if it does not decrease PT probability at the very best. However,
helping children to build self-esteem and capability in using means of public transport
contributes to the promotion of both WC and PT.

The general model also finds a positive association between young adolescents’ specific
perceived benefits and the mode choice, which elaborates the importance of perception in
selecting modes and can be reflected in policymaking. It is noteworthy that such a link was not
found in the separate final models (this variable was only significant in the preliminary
modeling process of Toyoyama town). The modal split of the reported non-school trips
revealed similar patterns in Minamiise and Kiso, with car trips the dominant share. Only in
Toyoyama, active modes were almost as popular as private vehicles. However, looking at the
mean values of this variable in Tables 4.2-4.4, one can see that the only town where young
adolescents’ perception of each mode’s benefits has some nuances relatively according to the
actual travel behavior is Toyoyama. In Minamiise and Kiso, mean values for the perceived
benefits of all mode categories are almost similar, which does not correlate with the mode
choice patterns in these two towns. It seems that young adolescents could not objectively
differentiate the benefits of transport modes. Since both Minamiise and Toyoyama are
challenging environments for children’s mobility, such a pattern could be due to adolescents’
lack of experience. Or, maybe the small number of PT trips in the separate models caused such
results. Clarifying this issue warrants further investigation.
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5.2.2.2 Social level (caregivers & friends)

At the inter-personal level, the results of the separate models and the general model are
quite different. Separate models show that those adolescents whose caregivers had more trust
in their walking/cycling capabilities had higher chances of making active non-school trips in
Kiso. Also, in the small-sized town, those students perceived by their caregivers as more self-
efficacious to use public transport (when the option of private car was also available) reported
more active non-school trips than car trips (same one-way direction of WC and PT discussed
in the previous subsection.) The author is not sure why the caregivers’ viewpoint on their
children’s self-efficacy was insignificant in Minamiise or the general model. Apart from
Minamiise, either young adolescents’ perception or their caregivers’ opinion, and sometimes
both (the two are usually slightly correlated) were significant predictors of WC. Hence, it is
safe to say that higher perceived self-efficacy for active travel and public transport (either
perceived by the target group or their caregivers) raises the probability of active trips.

Additionally, caregivers’ higher perception of their children being capable of using
public transport over the private car independently can increase the probability of public
transport non-school travel among young adolescents in the small-sized and large-sized
contexts. As mentioned in subsection 3.3.1, Toyoyama’s neighbor cities/towns are within easy
distance by public transport. The straightforward trip route may lead to less concern and more
trust from the caregivers’ side. In Kiso town, access to the railway could also reassure
caregivers that their children can successfully make a trip independently since trains are more
punctual and easier to travel with than buses (issues associated with complicated bus maps and
fare system, waiting time, etc.). Minamiise, on the other hand, does not benefit from either of
the positive points the author mentioned for the other two case studies. It should be noted that
adolescents’ and their caregivers’ responses about self-efficacy (either for WC or PT over the
car) are also positively correlated (correlation coefficient = 0.2-0.4). The results of this part are
insightful, mainly because young adolescents’ self-efficacy toward using public transport has
never been explored in the previous literature (to the best of our knowledge).

Regarding the social modeling, norm, and support, significant associations were found
in the suburban small-sized, coastal mid-sized contexts, and the general model. These are all
mode-specific variables suggesting that the effects are not limited to WC and PT. The results
are different and inconsistent among the case studies. In the small-sized town, caregivers’
travel behavior modeling (perceived by young adolescents) and caregivers’ norm set for their
children positively estimate the mode choice. Such findings can be verified by the person-trip
survey results conducted in 2011 in Toyoyama. According to the modal split data in Fig. 3.3,
children’s non-school travel modal share almost follows the travel behavior pattern of the town
(high percentage of car and active modes and tiny bus share), which makes the probability of
car trips and active trips for adolescents’ non-school travel more sensitive to change compared
to public transport trips). The author does not have enough evidence to explain why there are
no significant social norm/modeling estimates in Minamiise or Kiso.

On the other hand, a positive link was found between friends’ social modeling and young
adolescents’ mode choice in the general model. Such a finding emphasizes the effect of peers’
travel behavior on adolescents’ mode choice. Social norm was insignificant in the general
model, which could be due to the discrepancies of existing norms in the case studies.
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Table 5.1 The summary of the choice models results (separate & general) in the case studies classified in the two main categories of a) positive effects, and b) negative effects

ﬁ Toyoyama (Small-sized, suburb)

Built environment

Minamiise (Mid-sized, coastal)

Kiso (Large-sized, mountainous)

General model

» Neighborhood Safety (1.62)

> Neighborhood Safety (1.23)

> Social Modeling of caregivers
(child) (1.14)

> Social Norm of caregivers
(caregiver) (1.20)

> Self-Efficacy for PT (caregiver)
(1.45)

b Perceived Benefits (1.19)
b Social Support of friends (child) (1.13)

> Social ~ Support  of  caregivers
(caregiver) (1.22)

Psychological > Self-Efficacy for PT (caregiver) > Social Support (1.82) » Self-Efficacy for WC (caregiver) p> Social Modeling of friends (child)
(1.14) (1.26) (1.34) (1.10)
» Self-Efficacy for WC (child) > Self-Efficacy for PT (child) (1.18)
(1.20) > Self-Efficacy for WC (child) (1.13)
Independent > Cycling on main roads (caregiver) > le'fartll}lestldlstance. E%;Of ;,Orgn
Mobility (IM) (2.56) (ref: school area) (child) (4.15)

(3.21)

Socio-demographic

> Toyoyama district (ref: Shimizu
district) (3.07) (1.58)

B> =3 car/house (ref: 1) (4.17) (2.57)

> 2 child/house (ref:1) (4.17) (2.02)

> 2" grade (ref: 3" grade) (2.05)

» Fukushima & Hiyoshi districts
(ref: Kaida district) (3.97, 7.34)

> 2™ grade (ref: 3" grade) (2.32)

» Single-parent family &
grandparent/s (ref: single-parent
family) (12.39)

B> 274 grade (ref: 3™ grade) (1.40)
B> Single-parent family & grandparent/s
(ref: single-parent family) (2.57)

egative effects oyoyama (Small-sized, subur inamiise (Mid-sized, coasta so (Large-sized, mountainous eneral mode
Negati ff T (Small-sized, suburb) Mi iise (Mid-sized 1) Kiso (L ized i ) G 1 model
Independent B Going out after dark (caregiver) | » Cycling on main roads (child) e igﬁvia?rt?tlliﬁzllgga;n?égfézﬁeﬁ

Mobility (IM) (:29) (.52) ‘

(27/.24)

Socio-demographic

B Caregiver in 40s (ref: >50) (.22)
> Females (ref: males) (.55)

B> Single-parent family &
grandparent/s (ref: single-parent
family) (.35)

> 1% grade (ref: 3" grade) (.45)

» Fukushima district (ref: Kaida
district) (.39)

» Females (ref: males) (.56)

» Future out of hometown (ref:
inside) (.44)

» Full-time caregiver (ref:
unemployed) (.32)

» Having elder siblings (ref: not) (.68)
» Caregiver in their 40s (ref: >50) (.54)
» 2 car/house (ref: = 3) (.60)

» Full/part-time caregiver (ref:
unemployed) (.56/.63)
» Minamiise/Kiso towns (ref:

Toyoyama) (.58/.63)

Note: the numbers in parenthesis are odds ratios for alternative specific variables and relative risk ratios for case-specific variables (car is taken as the reference).
M Alternative-specific variables affecting the choice of all modes
Ml Variables affecting the relative use of Walking/Cycling (WC)

M Variables affecting the relative use of Public Transport (PT)

B Variables affecting the relative use of both WC and PT over the car (estimates for WC and PT are differentiated with changing the colors for this group)
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In Minamiise, social support from caregivers and friends could positively estimate the
mode choice. Among the three variables of social modeling, norm, and support, the latter seems
to be the most explicit one, which can be associated with supporter’s consciousness (at least to
some level). Although the predominant mobility pattern in all the case studies is a heavy
reliance on private vehicles, Minamiise may be the only case in which many efforts have been
made to raise awareness about the public transport service and promote its use among children.
In other words, the support is getting enabled through multiple layers of influence from policy
to organizations, families, and individuals. The author believes that this integrated effort in
Minamiise has already manifested itself in the high value of the internal consistency of this
scale. Compared to Minamiise, there is not enough support or incentives to promote the service
among families or children in Toyoyama (Toyoyama town, 2020), or maybe the issue is not
regarded as urgent of a problem as it is in Minamiise. If Toyoyama sits at one end of a spectrum,
Kiso town would be on the other end. Although the maintenance and promotion of the service
are very urgent in Kiso, due to its natural/spatial characteristics and its vast scale (size-wise),
the management of the service and coordination among residents has gone out of control.

Social support of the significant others also proved influential on young adolescents’
mode choice in the general model. In the previous chapter, subsection 4.3.2.1 and 4.3.4.1, the
effects of this estimate on the mode choice were better elaborated in a scenario in which a one-
unit increase for social support toward the use of active modes and public transport and a one-
unit decrease for car use was proposed. The observed influence of social support was the
highest among the social modeling, norm, and support. Such results emphasize the importance
and potential of the social environments with which adolescents have contact in foregrounding
specific types of mobility behavior such as active travel (McAlister et al., 2008), independent
mobility, or the use of more sustainable modes of transport that can also contribute to
adolescents’ well-being (Goodman et al., 2014). However, it is still not completely clear why
social support was not significant in the final models of Minamiise and Kiso. The author
believes that this matter needs further investigation.

5.2.3 Independent Mobility Predictors (Distance & License)

5.2.3.1 Individual-level (adolescent)

The results of this category are also inconclusive among the case studies. It is noteworthy
that these variables proved insignificant in the general model, which makes sense since the
perception around the concept of independent mobility is highly dependent on the living
environment features. Only in the large-sized context, more perceived license for traveling
independently to farther destinations (e.g., as far as out of the hometown compared to school
neighborhood) raised the probability of selecting active modes of transport and public transport
while decreasing the chance of car use for non-school trips. Finding such association for the
large-sized mountainous rural area emphasizes the significance of a positive perception toward
independent mobility on adolescents’ actual realization of WC and PT trips, specifically in
areas where accessibility is more restricted. This license may also be linked to the level of self-
efficacy for independent travel using active modes or public transport. The existing literature
supports such findings on school travel (Faulkner et al., 2010; Lu et al., 2015).

The author thinks that the difficulties associated with independent public transport or
walking/cycling trips in Minamiise might have prevented this variable from being significant
in the final model. In Toyoyama, although active modes are pretty common for realizing
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independent mobility, most long-distance trips in Toyoyama are made with the private car.
However, the distance between origins and destinations is not too far in Toyoyama compared
to Minamiise and Kiso. Hence, children’s mobility may not appear as an extensive burden on
caregivers in a small-size suburb such as Toyoyama leading to a different understanding of the
independent mobility concept. Another possibility is that there is potential for independent
mobility realization in Toyoyama and it just needs a catalyzer to be activated.

5.2.3.2 Social level (family: caregivers)

Additionally, the results suggest a positive link between having the license of “cycling
on main roads” (caregivers’ response) and using public transport in Toyoyama. Due to its small
size and proximity to other potential destinations, the configuration of the built environment in
Toyoyama, and the absence of significant geographical features, cycling is prevalent among
the target age group (96% of bicycle ownership among adolescents). It seems that riding the
bicycle makes it possible for our target group to get to the bus stops and travel to the
destinations they desire by bus (this town’s primary means of public transport are different
types of bus service). Although the share of reported public transport trips is small in this town,
the results remark a potential in bringing together the active modes and public transport to
fulfill young adolescents’ (independent) mobility needs.

5.2.4 Socio-Demographic Predictors

5.2.4.1 Individual-level (adolescent)

One of the only consistent results found in Minamiise, Kiso, and the general model is the
effect of age (2" graders compared to 3™ graders) on the use of active modes for non-school
trips. The results of the predicted margins for the mid-sized coastal case study in subsection
4.3.2.4 shows that 3™ graders are significantly less likely to walk/cycle and more likely to use
public transport than 2™ graders. However, in Kiso, the decreased share of active travel shifts
to car trips for 3™ graders. Given that there is not a substantial variation in the age range of the
target participants, this result should be taken into account with caution. However, Stark et al.
(2019) observed different age-related travel patterns and preferences, especially more affinity
for motorized modes for older children (i.e., young adolescents compared to children).

5.2.4.2 Social level (family: caregivers)

In Toyoyama, participants belonging to families of two children were more likely to
make active or public transport trips in comparison to an only-child family. The results of the
marginal effects in subsection 4.3.1.3 also displayed a significant drop in the car trips for
adolescents in a two-child household. More active school trips and independent leisure trips
among children in bigger households living in urban areas were already observed (Johansson,
2006; Mitra & Buliung, 2012). In the same case study, having more private vehicles (three or
more compared to only one vehicle) could significantly reduce the likelihood of car trips and
raise the chance of active or public transport trips. Notably, this town has the least share of
households with multiple cars (11.6%) among the case studies (in Minamiise and Kiso, this
share is 51% and 32.2%, respectively). In the general model, a similar association of such
nature is also found (to be discussed later). However, the author has no clue why this variable
“No. of cars per household” was not even selected in the preliminary model-making phases for
Minamiise and Kiso, which warrants further investigation.
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Finally, the impacts of the household construct in Kiso and the general model revealed
that belonging to a single-parent household in which grandparent/s also live/s can raise the
odds of making public transport trips and reduce the probability of car trips (compared to
single-parent families without grandparent/s). There is not enough evidence supporting such
behavior, but it might postulate the possibility of adolescents’ joint trips with their
grandparent/s with the means of public transport. Except for Toyoyama, the aging rate is high
in Minamiise and Kiso, and many of the elderly people are encouraged to return their driving
license and benefit from public transport schemes (Toyoyama town, 2020; Kiso town, 2017).
Joint public transport trips between grandparents and their grandchildren could also be
heightened because young adolescents in Minamiise and Kiso can use the town bus free of
charge. There is not much evidence in the existing literature regarding the effect of household
type on children’s/adolescents’ mode choice. In one study, single-parent households were
associated with fewer escorted trips in the private vehicle for adolescents’ leisure trips (Bjerkan
& Nordtemme, 2014). Nevertheless, this topic needs further investigation since the results were
only observed in one case study in which the mentioned two types of single-parent households
comprised a small share of the sample.

5.3 Negative Estimates of WC Non-School Trips

Based on the summary of results displayed in Table 5.1, the only negative impact on the
likelihood of walking/cycling was observed in the category of socio-demographic characters.
Apart from the “gender,” which showed consistent results in the two case studies in which the
data was collected, almost all the other estimates were unique to each case study. However,
some of the findings of the separate models are also found significant in the general model. It
is noteworthy that since the data on gender was not available for one of the case studies, it
could not be included in the general model. In sum, most of the following discussions should
be considered regarding the natural/physical contexts of each of the towns.

5.3.1 Socio-Demographic Predictors

5.3.1.1 Individual-level (adolescent)

Firstly, “gender” played an important role in the mode choice (in Toyoyama and Kiso),
with female students (compared to male students) reporting fewer active non-school trips
versus escorted car trips. Although gender data could not be incorporated in the model of
Minamiise, it would lead to a similar result since such a pattern is quite common among females
evidenced by the studies of Robertson-Wilson et al. (2008) and Stark et al. (2018) in the scope
of school trips. Since active trips are the most accessible and straightforward transport options
for children, such a link indicates fewer chances of independent mobility for girls. Considering
that Japan is relatively a safe country, the reasons for such a pattern (less affinity for active
trips among females) should be investigated.

Furthermore, according to Table 5.1, the chance of making active non-school trips is less
for those young adolescents visioning their future goals to take place somewhere out of their
hometown in Kiso. Logically, pursuing such aspirations requires greater levels of independent
mobility. However, based on Kiso town (2017), the prevalent share of private car transfers for
high school students reaffirms this study’s finding, which is concerning. Moreover, no
association was seen between life plans and public transport use in any models, which is also
critical and requires awareness-raising among families and their children.
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5.3.1.2 Social level (family: caregivers)

In the same setting of the large-sized rural town (Kiso), and the general model, having at
least a parent with full-time occupation (80% of the respondents were young adolescents’
mothers) resulted in less active traveling and more use of the car for non-school trips versus a
family in which at least a parent is unemployed. According to the modal share graph made for
different purposes in subsection 3.3.3 (Kiso town, 2017), more than 70% of “commuting to
work” trips are with a private car in Kiso town, which could result in more trip chaining,
especially with full-time employed mothers (McGuckin & Nakamoto, 2005). Bjerkan &
Nordtgmme (2014) also witnessed fewer car trips for leisure purposes in families where
caregivers do not have a job. The author cannot fully understand why this variable was not
significant in Toyoyama and, more importantly, Minamiise. It might also be interesting to
understand better the effects of caregivers’ occupations on the probability of public transport
trips among young adolescents. In any case, this finding emphasizes the impact of households’
activities on their children’s mobility.

Finally, in Toyoyama, adolescents in the single-parent households living with
grandparent/s (versus a single-parent household) were less likely to walk/cycle and more likely
to be driven in a private car. Regarding this socio-demographic variable, a different pattern was
discussed in subsection 5.2.5 for positive estimates toward the use of public transport in Kiso.
Since the two case studies are very different in their character and demographics, such finding
is not surprising. According to Toyoyama town (2020) and Kiso town (2017), Toyoyama’s
aging rate is almost half of Kiso’s, which means that the chances of having a grandparent still
being able to drive a car in Toyoyama are higher than Kiso. Building on this premise, in
Toyoyama, having grandparent/s living with the household may translate to chauffeuring
around the grandchildren for their non-school trips. Studying the trip-making process in
different settings can illuminate this topic more.

5.4 Negative Estimates of PT Non-School Trips

Table 5.1 demonstrates the negative estimates of selecting public transport (over the car)
in the groups of “independent mobility” and “socio-demographic” variables. Considering the
differences of the towns, it is no wonder that the results are inconsistent among the case studies.
As mentioned before, the distinctive characters of the case studies should be kept in mind while
making interpretations of the choice model results. The negative estimates of public transport
trips are only found in the “socio-demographic” category for the general model.

5.4.1 Independent Mobility Predictors (Distance & License)

5.4.1.1 Individual-level (adolescent)

The results in this subsection for the mid-sized case study (Minamiise) revealed a
negative association between adolescents’ perception of being granted the consent to “cycle on
main roads” and the likelihood of using public transport for their non-school travel. This result
is the opposite of what was observed in the small-size suburb (Toyoyama) in which the same
consent could elevate the share of public transport trips. Based on the distinctive characteristics
of the natural/physical environments and adolescents’ travel patterns in the two areas, it is
logical to assume that such differences caused this contrasting result. According to Fig. 4.5,
around 80% of the public transport trips in Minamiise were made inside the town, whereas in
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Toyoyama, almost all the public transport trips were bound for destinations outside the town.
Elaborating on the observed pattern, it seems that adolescents living in the suburb ride their
bicycles to access public transport services and reach farther destinations. However, if a young
adolescent can make long-distance bicycle trips on main roads in the mid-sized rural area, this
capability makes them less needy to the public transport service (since most PT trips were
bound for destinations located inside the town).

Besides, traveling by the town bus in Minamiise requires trip planning in advance and
may not be suitable due to its limited frequency. By comparison, cycling is way more flexible,
providing more opportunities for our target age group in their daily mobility. The mentioned
points are reasons for promoting active modes among female students to expand their
independent mobility scope and benefit from its advantages.

5.4.1.2 Social level (family: caregivers)

According to Table 5.1, young adolescents living in the small suburb who had the
allowance of “going out after dark” were less likely to use public transport for their non-school
trips. Toyoyama has a walking/cycling-friendly environment; hence most of the trips made
with public transport are for the sake of fulfilling accessibility to farther destinations (see Table
4.5). Given that public transport service is not functioning late in the small towns and that
traveling far independently (especially with the means of public transport) is way more
comfortable during daylight for children and young adolescents (less risky), the observed result
seems to be justified.

Regarding the independent mobility distance, a counterintuitive result was observed in
Kiso town. A negative association was found between caregivers’ responses on granting
consent to their children for traveling longer distances independently and the likelihood of
using public transport for non-school travel. We observed an opposite pattern between
adolescents’ responses on the same matter and the possibility of walking/cycling and public
transport trips in the same case study. Such finding shows the mismatch between caregivers’
perception about the scope of independent mobility and the actual reality. Interestingly, another
mismatch of the exact nature was found by Shaw et al. (2015), indicating that Japanese
caregivers’ perception of their children’s independent mobility level is usually higher than their
children’s report.

5.4.2 Socio-Demographic Predictors

5.4.2.1 Individual-level (adolescent)

In the mid-sized coastal setting, the odds of making non-school trips with the means of
public transport against escorted car trips were smaller for 1st graders (compared to 3rd
graders), suggesting that the probability of using public transport increases as young
adolescents mature, and become more experienced. Although the existing literature might
usually regard the effect of age on mode choice as a generic influence, such context-specific
variations are interesting.

5.4.2.2 Social level (family: caregivers, siblings)

In the small-sized suburb and the general model, having caregivers (mothers were the
most common respondents) between the age of 40-50 was associated with less probability of
public transport trips and more car trips for young adolescents’ non-school travels (compared
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to older caregivers). Such a finding highlights the specific travel preferences of caregivers in
this age range. Since households’ travel behavior has a pivotal influence on children’s and
young adolescents’ travel patterns, it is essential to trace the reasons for such results. Looking
into the trip-making process for non-school purposes can elucidate this matter. In the general
model, having elder siblings found to be significant in making fewer public transport trips and
more car trips for the non-school purposes.

The general model also revealed a negative association between the odds of public
transport trips against car trips for the households with two private vehicles compared to
families owning multiple cars, which seems counterintuitive. The same pattern was also seen
in Toyoyama, discussed before in subsection 5.2.4. However, the author cannot provide any
clarification due to a lack of evidence supporting such a pattern.

5.5 Implications to Promote Independent Non-School Travel

Reflecting the findings of the current study on the household level and the policy settings
is a fundamental step in promoting independent mobility among young adolescents (either by
walking/cycling or means of public transport) and enhancing the use of environmentally-
friendly modes among households. Comparing the findings of the general model and separate
models and discussing the results of each town’s model based on its characteristics have helped
the researcher to understand the similarities and discrepancies in the travel behavior patterns.
In the following sections, town-specific and general policies will be proposed based on the
results of the models (the underlined policy items can be generalized.)

5.5.1 Proposed Policies for Toyoyama Town

The model’s results for Toyoyama revealed that the chances of independent mobility
could be elevated if young adolescents or their caregivers had more trust in adolescents being
capable of making trips with WC and PT against the car. Such a matter needs to be informed
and regularly communicated among children and their families. Also, as almost all the public
transport trips were bound for out of Toyoyama town, distinguishing the most popular
destinations for our target group and providing the appropriate incentives would be critical to
promote public transport among them and their families. Notably, the public transport plan
report of Toyoyama town (2020) suggests Kasugai city as the main host of the most significant
outflow of students.

Furthermore, caregivers’ travel behavior in Toyoyama (modeling and norm) was
influential in the young adolescents’ mode choice. In Toyoyama, caregivers’ mobility mainly
depends on private cars followed by a smaller share of active modes and a negligible bus use
(modeling), affecting the travel norm. As children’s travel behavior is enormously influenced
by households’ travel behavior, having a comprehensive outlook on the dynamics of mobility
decisions in a family should be highlighted in the policy setting. Furthermore, cycling proved
to be an enabler of PT trips in this town, and adolescents in bigger households showed a
tendency for more WC and PT trips, both of which could be nurtured to ameliorate the situation
in favor of active modes and public transport.

On the other hand, adolescents with younger caregivers were less likely to use PT trips,
and those living with a single-parent and grandparents were more likely to be chauffeured
around. Considering that Toyoyama stands in the last place in terms of the aging rate, it seems
that many elderlies still hold a driving license and depend on private cars for daily mobility.
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Finally, the odds of female students using active modes for their non-school trips (against a
ride in the private car) was less than male students. Boys usually cycle more, and hence, enjoy
more independent mobility. Although such a situation could be due to the caregivers’ or
societies’ concerns for girls’ safety, the mentality should be altered, especially in a safe country
like Japan. It should not be forgotten that children’s first experiences of independent mobility
are through active modes, which complement public transport. Considering the detailed
discussion in the previous sections, the following items are the proposed policies for the
promotion of independent mobility in Toyoyama:

» Providing incentives to promote joint caregiver/child public transport trips to bring a
balance to the modal share by decreasing the car trips, especially better motivation
during weekends, such as public transport family tickets for bigger and younger
households

» Promoting joint grandparent/child public transport trips by unique campaigns such as
visiting popular destinations on special weekdays or weekends under the title of “fun
trip with grandpa-grandma,” to decrease the number of chauffeured car trips by
grandparents

» Holding informal meetings with children to exchange ideas about public transport in
the town to improve the service and its environment for them

» Providing a free town bus pass for elementary and junior high school students, it could
be pilot seasonal or weekend-only passes, etc. to promote the share of public transport

» Promoting the use of public transport for popular destinations among young
adolescents, especially those in the nearby cities/towns, for example, enhancing better
and more convenient public transport service from Toyoyama to Kasugai

» Providing public transport discounts for traveling to popular destination out of town
for adolescents

» Using the potentials of the environment to promote cycling in favor of the public
transport trips, for example by establishing better equipped or more bicycle parking
where needed based on the outflow data of the population in Toyoyama

» Raising awareness about the benefits of independent mobility for young adolescents,
particularly girls who seem to have more propensity for car trips

» Holding cycling events for children, children with their caregivers, and children with
their grandparents to further nurture the walking/cycling potentials of the town

5.5.2 Proposed Policies for Minamiise Town

The model’s results for Minamiise highlighted the influence of neighborhood safety on
the probability of active trips against car trips. It also emphasized the positive effect of
caregivers’/friends’ support toward WC and PT (in the form of encouragement and making
trips together) on the actualization of walking/cycling and public transport trips. Also, it was
found that at the final year of the junior high school, children become less likely to walk/cycle
and more likely to take a ride in the private car (compared to the second graders), and more
likely to use public transport rather than a car ride (compared to the first graders). Finally,
cycling proved to have a potential in the promotion of independent mobility (not specifically
public transport trips).

According to the results of the exploratory interviews in Minamiise (Khaleghi et al.,
2021), the target age group (12-15) revealed fear of encountering wild animals as a disabler for
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walking trips. Hilly terrains of the town and the limited cycling infrastructure also made cycling
difficult and a little dangerous for junior high schoolers. Additionally, children reported traffic
safety as a concerning issue for the realization of active trips. In the same interviews, children
informed the researcher of the challenges they deal with for trip making with public transport,
such as difficulties associated with reading the timetables, paying the fare, missing the stop,
not getting help when required. Those who could seek help for trip planning/realization from
friends, teachers, or friends’ parents were more likely to use public transport. Additionally, the
current research revealed that most public transport trips are made during weekends, and
according to the interview results (Khaleghi et al., 2021), the town bus timetable cannot meet
the needs of children on weekends.

Also, according to Minamiise town (2021), public transport users (either the town bus
or the on-demand bus) are dropping sharply over the past five years, and maintaining a frequent
town bus service is becoming more difficult due to the town population and low demands.
Many children expressed the infrequent town bus service as a crucial negative factor in
choosing the private car over public transport (Khaleghi et al., 2021). Considering the detailed
discussion in the previous sections, the following items are the proposed policies for the
promotion of independent mobility in Minamiise:

» Improving the walking/cycling environment by enforcing better traffic safety and
better infrastructure for active modes, especially cycling such as cycling paths for
enjoying the beautiful sceneries of Minamiise

» Devising a supportive network of friends and caregivers by developing smartphone
apps to ease young adolescents’ trip planning with public transport and promote
independent mobility
(Since some of the young adolescents’ public transport trips are made in groups of
friends, this platform can support such trips. In these apps, caregivers or children
themselves could play the role of consultants providing support/remarks on
independent trips easing the process of trip planning/trip making by various means of
public transport.

Such apps can provide the same kind of support younger children receive from adults
to facilitate walking school trips in elementary school periods in Japan, but for older
children with different mobility needs.)

» Promoting the use of the on-demand bus among young adolescents, especially on
weekends, to compensate for the infrequent town bus service

» Teaching children how to make a reservation for the on-demand bus, or making new
reservation systems that are easier for children to handle (compared to phone
reservation), for example, placing touch screens in the bus stops with visual
instructions

» Keeping an eye on the integration of active modes and public transport, especially for
older adolescents, to meet their greater mobility needs and decrease their tendency for
car rides

5.5.3 Proposed Policies for Kiso Town

The model’s results for Kiso revealed that being perceived as more self-efficacious in
using active modes and public transport by one’s caregivers can positively affect the likelihood
of walking/cycling and public transport among young adolescents. Moreover, caregivers
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provided support by allowing their children to travel farther distances independently,
promoting self-efficacy through practice. However, caregivers’ perception of independent
mobility distance did not estimate the realized independent trips intuitively. Furthermore,
adolescents in a single-parent family with grandparents were more likely to make public
transport than car trips. Regarding the high aging rate in Kiso town (around 40% in 2017),
there is a high chance that grandparents are no longer capable of driving a car, which could be
the reason behind such a result.

On the other hand, girls were less likely to walk/cycle than boys in Kiso town, similar
to Toyoyama town. Children wishing to go out of town for pursing their future had higher odds
of car trips against active trips. Additionally, like Minamiise, third graders (compared to second
graders) were more likely to take a ride in the car than make an active trip. Finally, having a
full-time caregiver could decrease the chance of active trips and increase the car ride compared
to having a full-time homemaker or unemployed caregiver.

Households and students being heavily reliant on private vehicles for daily mobility
adversely affects children’s independent mobility in Kiso town, which is a concerning issue.
The importance of this argument should be predicated on the assumption that independent
mobility exposes young adolescents to their physical/social surroundings with which they
interact and from which they learn about many things. Independent mobility helps young
adolescents build self-esteem, reducing their dependence on their caregivers in their current
and future travels. Evidently, young adolescents’ mobility is a shared issue among them and
their caregivers (families). Therefore, awareness-raising is a top priority matter, targeting the
family/household level. This current car-dominant mobility pattern also negatively affects
public transport use, wasting the town’s financial resources to maintain the PT service (Kiso
town, 2017). Considering the characteristics of Kiso and the detailed discussion in the previous
sections, the following items are the proposed policies for the promotion of independent
mobility in Kiso:

» Raising awareness about the benefits of independent mobility, especially active modes
for young adolescents, particularly girls at the household level

» Holding informal meetings for children, their caregivers, and transport planners for
exchanging ideas about public transport in the town to improve the service and its
environment (more friendly and appealing for children and families by taking into
account their opinions/needs)

» Disseminating the information on the adverse effects of the current household’s travel
behavior (high reliance on private cars) on young adolescents’ mobility, and the
town’s financial resources

» Cooperating with nearby towns in exchanging resources and negotiating for public
transport incentives for students

» Reducing the number of different buses and planning an integrated and
straightforward service that is more efficient

» Making the public transport service a more competitive option to private cars in terms
of comfort and convenience

» Surveying the town bus use meticulously and providing on-demand service for less-
frequently used town bus routes to meet the needs of users, especially children, better

» Teaching children how to use the on-demand service
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» Providing a platform/campaign for children and their grandparents to communicate
and make trips together with the buses

» Using technology to promote the use of public transport among adolescents for
traveling inside or out of the town, for example, by mobile apps

5.5.4 Proposed General Policies

The general model showed that perceived neighborhood safety plays an important role
in the realization of active trips. Also, young adolescents’ perception of their self-efficacy for
using WC and PT against the car positively affects the likelihood of independent mobility with
active modes and public transport. The more support children receive from their friends and
caregivers for using a transport mode; the greater is the probability of using that mode.
Additionally, friends’ mode use can significantly affect young adolescents’ mode choice. Also,
higher perceived benefits for a transport mode results in a greater likelihood of using that mode
to make non-school trips. Furthermore, belonging to a single-parent household living with
grandparent/s increases the chance of public transport trips against a car ride.

On the other hand, young adolescents having elder siblings are less likely to use public
transport instead of a car ride. Similar to the models’ results in Minamiise and Kiso, older
adolescents (third graders compared to second graders) tended to use more car trips than active
trips. Finally, having a full-time or part-time caregiver could decrease the chance of active trips
and increase the likelihood of car rides compared to having a full-time homemaker or
unemployed caregiver.

As mentioned before, the general model results are almost a combination of the separate
models. Hence some of the proposed policies for each town can also be generalized and used
for the general model. Apart from the underlined items in the previously proposed policies for
each town, a few more items are specifically drafted for the generalized situation:

» Educating children about mobility, accessibility, and different modes of transport by
playing games (after a while, children can coordinate the sessions on their own)

» Devising a system in which children can keep track of their mobility behavior in
simple virtual diaries and rate them based on the level of independence and
sustainability. These diaries could be shared among a small group of friends to
enhance the friends’ modeling effect

Overall, the mentioned insights have the potential to be implemented in the mentioned
case studies or similar settings and open up new opportunities for the enhancement of
independent mobility in rural areas and suburbs among young adolescents.
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Chapter 6: Conclusion



6.1 Achievements of This Research

The current research aimed at shedding light on the nature of young adolescents’ non-
school travels in the rural and suburban environments by investigating the factors affecting
mode choice from various social/physical surrounding environments with which they interact.
As previously mentioned, the existing literature is lacking regarding the study of non-school
travel. Additionally, the need for such research is critical in rural and suburban areas where
mobility/accessibility is more limited than urban areas. Besides, the consideration of early
adolescence in the scope of this research highlights the significance of this phase in shaping
travel behavior as children move to adolescence/youth. To fulfill the goal of the research, we
attempted to find answers for these three main questions:

Question 1: What are the prevailing patterns in junior high school students’ non-
school travel in small towns and rural areas?

Question 2: How do the characteristics of young adolescents, their households, and
the factors linked with the social/physical living environments influence young
adolescents’ mode choice for non-school trips in the rural and suburban areas?

Question 3: How can understanding young adolescents’ non-school travels provide
insights for the policy-makers to promote independent/more sustainable traveling?

Considering the methodology of this research, and based on the presented results in
chapter 4 and the discussions in chapter 5, the questions are relatively thoroughly answered,
and the target goal of the research is accomplished. However, considering the limitation of the
current study, the results also provided insights/possibilities for more research to illuminate the
topic from another perspective. In the following, a summary of the results based on the research
questions is provided, followed by some suggestions/remarks for future studies in the next
section.

Regarding the first question, the detailed reports of non-school travel revealed
invaluable information regarding different aspects of young adolescents’ trips for every
destination other than the school in two rural settings and one suburban context. The general
travel patterns with high rates of private car trips and a relatively smaller share of active and
public transport trips, particularly in the rural areas, were expected. However, the distinctive
spatial/temporal characters of the trips realized with each of the modes fulfilling a variety of
purposes were pretty novel and informative in the three case studies. Additionally, the
information on the trips’ companions represented in Fig. 4.6 emphasized the importance of
active modes and public transport in young adolescents’ implementation of independent trips.
Overall, the results showed a high chance of private car use for young adolescents’ non-school
travels in the rural areas, which means more escorted trips and less independent mobility for
the target participants. Multiple-car ownership, infrequent/inconvenient public transport
service, and the dominance of private vehicles in such environments contribute to such a
pattern.

Concerning the second question, the current study results mainly emphasized the unique
impacts of distinctive natural/physical settings of rural areas and suburbia in Japan on young
adolescents’ travel behavior for their non-school trips. The unique characters of the place may
usually be overlooked in large-scale surveys by categorizing all these settings under one
homogeneous classification. The research findings of the separate models revealed that the
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predictors of the actual independent mobility (trips made with walking/cycling or public
transport) could differ in each context:

In Toyoyama (a small suburban town), social modeling/norm of caregivers and self-
efficacy (for WC and PT) were influential in estimating mode choice under the psychological
construct. As far as socio-demographic variables are concerned, living district, the number of
children and cars per household, family’s construct, caregivers’ age, and young adolescents’
gender were significant in the choice model. Two independent mobility license items, namely
1) cycling on main roads and 2) going out after dark, also affected the mode choice for non-
school traveling.

In Minamiise (a mid-sized coastal town), neighborhood safety (under the built
environment construct), social support (under the category of psychological variables), cycling
on main roads (one item of the independent mobility license), and young adolescents’ age
influenced the preference toward the selection of transport modes for trips other than school
travel.

In Kiso (a large mountainous town), self-efficacy variables for WC and PT (in the
psychological category), the perception around independent mobility distance, and socio-
demographic variables, namely living district, family’s construct, caregivers’ occupation,
young adolescents’ age/gender and young adolescents’ vision of their future (either pursuing
their goals in their hometown or out of it) affected the mode choice for non-school trips.

However, a general model is always insightful, and hence one was developed for
comparison and its application for higher-level policymaking. In the general model,
“neighborhood safety” influenced mode choice under the built environment construct.
Perceived mode-specific benefits, social support, social modeling of friends, and self-efficacy
measures for WC and PT affected the selection of transport modes in the psychological
classification. Finally, family’s construct, caregivers’ occupation/age, the number of cars per
household, living environments (the context of each town), having elder siblings, and young
adolescents’ age estimated the selection of transport modes for traveling to destinations other
than school.

Despite the uniqueness of results, a similar pattern was seen among the separate models
and the general model regarding the impact level of each construct (environmental,
psychological, independent mobility, and socio-demographic) on young adolescents’ mode
choice. According to the calculated margins presented in chapter 4 and the appendices, socio-
demographic variables, namely young adolescents’ age/gender, household characteristics (e.g.,
number of children/family, caregivers’ age/occupation, and household construct) proved to
substantially affect young adolescents’ mode choice. Unfortunately, in this research, no data
were collected regarding the influence mechanism of each of the mentioned items on young
adolescents’ mode choice, especially in different stages of children’s growth. Altering these
characteristics may not be possible directly, but context-specific and general policies can
gradually affect the current situation.

Regarding the degree of influence, socio-demographic characters are followed by
moderate effects of psychological variables (e.g., social support, self-efficacy, and social
modeling/norm) in all the models and perceived consent for independent mobility distance and
license in the separate models. As for the built environment, only in one case study and the
general model, a moderate association was found between the neighborhood safety and the
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probability of walking/cycling. As mentioned before, the significant variables in each main
construct are inconsistent among the separate models, which emphasize the fundamental
influence of the natural/physical/spatial built environment on the mode choice for young
adolescents’ non-school trips. Such a pattern was also seen in different districts of the small-
sized and large-sized settings (same influence on a smaller scale). Christian et al. (2015) have
previously highlighted the impacts of the physical environment on children’s travel behavior.
It is noteworthy that characteristics of public transport service as a criterion of the built
environment were not included in this study, limiting the interpretation. Also, the lack of the
researcher’s experience/expertise in hybrid modeling resulted in multiple models, which made
the results complicated and lengthy.

As for the third question, at the end of chapter 5, insights were provided for promoting
independent mobility among young adolescents in each case study, depending on its unique
characteristics. While some of the policies can be generalized, others may only be effective for
the specific town. Few unique general policies were also suggested at the end of chapter 5 (for
detailed information on the policies, see subsection 5.5). Since most of the positive estimates
of walking/cycling and public transport trips were linked to the household (attitude toward each
mode, independent mobility/self-efficacy, support, etc.), and friends (modeling and support)
awareness-raising toward the importance of independent mobility, and the adverse impact of
households’ travel behavior on children’s independent mobility is very critical. This awareness
could also take a pedagogical trajectory translating to mobility education, etc. Such efforts
could go even further and manifest themselves in the form of a partnership with children to
improve public transport and active traveling.

Making joint trips of children and their parents/grandparents using public transport or
active modes a fun norm could also open doors to a paradigm shift in the current travel behavior
and attitudes. Furthermore, easing the process of trip planning in groups of friends (with mobile
apps) or devising a fun mobility monitoring system (shared virtual travel diaries among friends)
were proposed to act as a catalyst for promoting independent and sustainable mobility. Other
initiatives such as the provision of public transport tickets for younger families or specific
households (e.g., with one child or multiple children) or public transport pass for leisure trips
(free or with a significant discount) for traveling out of town were also suggested. Notably, it
is critical to consider each environment’s distinctive natural/physical characters in devising and
implementing these initiatives.

6.2 Suggestions for Future Research

Since “travel” is a complex system interacting with various disciplines, researchers
usually come up against many challenges and difficulties for conducting a comprehensive
study. Although this cross-sectional study provided many insightful results, the rationale
behind some patterns (e.g., the link of active modes and public transport) and the influence
mechanism of significant variables on mode choice are not clear. Studying the process of trip-
making (or decision-making about trips) for non-school travels among young adolescents in
rural and suburban areas can elucidate such patterns and provide more solid evidence for
policy-makers to alter the paradigms of independent mobility. Such information can also help
understand the relationship between active modes and public transport in rural and suburban
areas among young adolescents and strengthen such a connection. Moreover, researching
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children’s mobility under the continued situation of pandemic is necessary and could be
enlightening for transport planners and policymakers.

Although age plays a vital role in children’s travel behavior, detailed longitudinal data
on the mobility of children and adolescents is scarce, which seems to be critical in
understanding and meeting the unique needs of these target groups. Investigating the influence
of “independent non-school traveling” in early adolescents on the travel behavior of the same
sample as older adolescents in the form of longitudinal research could be very illuminating.
Furthermore, the inclusion of urban environments along with rural and suburban areas for
studying the young adolescents’ non-school trips could lead to a more comprehensive
comparison of distinctive types of built environments, which could be analyzed by more
suitable methods such as hybrid modeling. Moreover, the situation of Japan could be compared
to other countries, especially those with similar levels of independent mobility for
children/young adolescents.

Furthermore, it is critical to include “trip distance” and “weather” condition as influential
factors in predicting children’s mode choice. Apart from using other modeling methods, such
as Structural Equation Modeling (SEM), incorporating objective measures of the built
environment, such as density, traffic safety, and public transport service quality obtained from
external sources of data, could also be beneficial in developing more suitable generalized
models for comparing the differences of the case studies in future studies. It will also be helpful
to devise methods for evaluating the service quality of public transport from the viewpoint of
children/adolescents and incorporate such index/score in the travel behavior studies. After all,
children and adolescents are current and potential future users of public transport with unique
needs and capabilities different than adults, and an inclusive transport system (one of the items
of goal 11 of SDGs) should meet the primary needs of all its users.

Finally, it is also recommended to examine the feasibility of the proposed policies with
each of the case studies. It would be exciting to evaluate the practicality of the suggested
solutions (e.g., the campaigns, mobile apps, virtual travel diaries, or the PT family tickets, etc.)
in pilot studies.
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Appendices



Appendix A: An Overview of Case Studies’ Public Transport Plans
Al: Toyoyama Town (Plan Period: 2020-2029)

According to the latest report, the new plan supports a scheme envisioning a “small and
glowing” town in which people do not excessively depend on their private vehicles for mobility
(Toyoyama Town, 2020). In the same report, the information about several public transport
surveys is shared (usage of different bus services in Toyoyama), among which a few of the
respondents were reported their status as “students.” However, there is no specific mention of
this group in the current plan, except for the purpose of providing a nurturing environment for
child-rearing. The plan intends to promote the use of public transport by:

» developing a comprehensive regional network based on the inflow and outflow
of customers

» enhancing the bus usage environment, such as new boarding systems (IC cards,

commuter passes, etc.), easy-to-use fare systems

improving the bus convenience by taking into account the users’ needs

introducing demand responsive service

creating bus maps based on the opinion of users and residents

teaching prospective users how to ride a bus

improving the waiting area (providing benches, lighting, public transport info,

real-time bus location QR codes estimating the waiting time, etc.)

» providing support for search services such as google maps

» setting up meetings for the promotion of environmentally-friendly transport

VVVYYVY

There is also an emphasis on better routing the bus lines (based on the customer needs)
and integrating cycling and public transport by providing safe and attractive bicycle lanes and
bicycle parking. Taking into account the increasing rate of aging in Toyoyama, some parts of
the plan are concentrated on the promotion of public transport for senior citizens.

A2: Minamiise Town (Plan Period: 2020-2024)

The plan has been established on 3Ks (Koukousei, Koureisha, and Kankoukyaku)
(Minamiise town, 2021). These three pillars focus on 1) providing comfortable and safe
transport for high school students, 2) enhancing the environment for the elderly to go out
peacefully, and 3) promoting the exchange of resources with other areas. The population is
constantly decreasing. Therefore, this town has taken special measures to promote public
transport from an early age to slow down the migration of residents when children go to high
school. Free town bus passes are provided for elementary and junior high school students and
a 20% discount for the Mie Kotsu bus (for traveling out of town) for high school students.
Minamiise is very attentive to the needs of the bus users.

This town has organized several meetings with the residents to find out the issues of
decreasing passengers and improving the service. Reducing the burden of picking up/dropping
off children for parents is one of the objectives of this plan. Making public transport more
efficient (fewer transfer points, better routing, etc.) and customer-friendly (more
straightforward fare system, etc.) are the other objectives. The plan (Minamiise town, 2021)
intends to promote the use of public transport, particularly among children, by:
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providing early morning/late evening service for children

making the interior of buses more convenient for studying with wi-fi, power
supply, resting areas, and more comfortable seats

promoting the use of the on-demand bus for children

using ICT (Maas) to enhance public transport service

promoting cycling infrastructure

including amphibious buses (like ferries) to make the transport in town more
attractive

A3: Kiso Town (Plan Period: 2017-2021)

The public transport plan in Kiso focuses on different districts of Kiso town and Otaki
village. According to the report, the issues of depopulation and aging are very concerning in
Kiso town (Kiso town, 2017). Around 70% of the population in Kiso town held a driving
license in 2015 (more than a 20% increase in the past 30 years). Moreover, the average car
ownership was two vehicles per household in 2015. It is noteworthy that most of the facilities
are located in one of the districts of Kiso town called Kiso-Fukushima, making the public
transport service vital for the other districts. However, the total number of users and revenue
have been gradually decreasing between 2010 and 2014 (Fig. A 1), putting a heavy burden on
the town for maintaining the service (an annual value of 10000 yen per resident of the town).
As Fig. A 2 suggests, despite the increase in ridership in 2015, the sharp revenue decrease
continued from 2013 through 2015.

\ 24
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Figure A 1 Annual number of public transport users (Kiso town, 2017, pp. 38)
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Figure A 2 Annual revenue of public transport in thousand yen (Kiso town, 2017, pp. 38)
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The plan also highlights the importance of public transport for mobility-disadvantaged
groups such as children and senior citizens who do not hold a driving license or are no longer
capable of driving. The plan (Kiso town, 2017) intends to promote the use of public transport
and make it profitable by:

>
>

YV VYV

>
>

making a wide-area regional public transport system

involving the residents in improving an efficient service and promoting the sense
of autonomy

raising awareness toward the benefits of public transport as a basic infrastructure
supporting locals’ daily lives that can also promote the tourism industry

holding meetings among citizens to exchange opinions

promoting campaigns, such as “no private car day” or “eco-community.”
cooperating with families and schools to decrease the number of school transfers
in a private car

providing more service on weekends

reviewing the fare system

The report mentions one of the drawbacks of the current system: the lack of an evaluation
verification mechanism that prevents the town office from accurate planning that can adapt
itself to the changes.
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Appendix B: Survey Materials (in Japanese)

B1: Children’s Questionnaire (version used in Kiso!)

(EEDALZAH)

€iEX"Y
AT EXFRFRRAFHARIBEEBRTEE

! The only differences between case studies’ questionnaire versions are in questions 2, 14, and 24
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B2: Caregivers’ Questionnaire (version use d in Kiso?)
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B3: Travel Diary (version used in Kiso?)
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B4: Sample of the Survey Manual for Children and Caregivers
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BS: Sample of the Survey Manual for Teachers
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Appendix C: Complete Choice Model Results of Toyoyama

Table C 1 The estimated results (logit values) of the choice model in Toyoyama town (insignificant estimates
are highlighted in grey)

Conditional logit choice model (Toyoyama) No. of observations 2316

Wald chi® (40) 116.84 No. of cases 772
Log-likelihood ~ -628.34 Prob>chi*>  0.00 Alternatives per case 3

Variables Coefficient  std. err. z P>|z| [95% conf. interval]

Alternative-specific variables

Psychological

Perceived barriers -.03 .08 -0.42 0.676 -.20 .13
Perceived Benefits 21 A2 1.73 0.083 -.03 44
Social Modeling of caregivers 13 05 250 0.012 03 23
(students)

Soczal.Norm from caregivers 18 07 2 44 0.015 03 32
(caregivers)

Case-specific variables

Public Transport (PT) estimates (base alternative: CAR)

Psychological

Self-Efficacy “WC over CAR 15 18 082 0410 220 50
(students)

Self-Efficacy “PT over CAR 34 12 288 0.004 11 57
(caregivers)

Independent Mobility (IM)

IM license (base: not allowed to do) (caregivers)

2: Allowed to go out after dark -1.23 .54 -2.27 0.023 -2.29 -.16

3: Allowed to cycle on main 94 45 210 0.036 06 1.81
roads

IM license (base: not allowed to do) (students)

1: Allowed to travel to places
other than school within -.63 A7 -1.35 0.177 -1.55 28
walking distance

Socio-demographic

Female (base: male) .56 .34 1.62 0.104 -.12 1.24
Ha\{lng elder siblings (base: not 00 36 0.00 0.996 71 71
having)
Living district (base: Shimizu elementary school district)
Toyoyama elementary school 1.12 41 2.71 0.007 31 1.93
Shinei elementary school 21 47 0.45 0.652 =71 1.14
Caregivers’ age (base: over 50)
Less than 40 -.90 .62 -1.47 0.142 -2.11 .30
40-50 -1.53 Sl -3.00 0.003 -2.53 -.53
Household construct (base: single parent and children)
Parents and children -21 .68 -0.30 0.761 -1.55 1.13
Parents, grandparent/s, children -1.42 1.06 -1.34 0.180 -3.50 .66
Shig2 o penigith (S -1.28 1.02 125 0213 330 73
children
Number of cars/household (base: one)
Two -.13 38 -0.35 0.724 -.89 .62
Three or more 1.43 .68 2.08 0.037 .08 2.77
Number of children/household (base: one)
Two 1.43 .58 247 0.013 .29 2.56
Three or more .50 .66 0.76 0.449 =79 1.78
cons -3.20 1.37 -2.34 0.019 -5.89 -.52
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Variables Coefficient  std. err. z P>|z| [95% conf. interval]

Walking/Cycling (WC) estimates (base alternative: CAR)

Psychological

Self-Efficacy “WC over CAR 19 09 210 0.036 012 36
(students)

Self-Efficacy "PT over CAR 23 06 350 0.000 10 36
(caregivers)

Independent Mobility (IM)

IM license (base: not allowed to do) (caregivers)

2: Allowed to go out after dark .10 23 0.42 0.675 -.35 .55

3: Allowed to cycle on main .23 19 120 0229 -6l 14
roads

IM license (base: not allowed to do) (students)

1: Allowed to travel to places
other than school within 27 28 0.98 0.327 =27 .81
walking distance

Socio-demographic

Female (base: male) -.59 17 -3.35 0.001 -.93 -.24
Hav.mg elder siblings (base: not 21 19 112 0261 16 59
having)
Living district (base: Shimizu elementary school district)
Toyoyama elementary school 46 21 2.20 0.028 .05 .87
Shinei elementary school 32 22 1.46 0.144 -.11 7
Caregivers’ age (base: over 50)
Less than 40 -.18 41 -0.43 0.669 -.99 .64
40-50 -.26 37 -0.69 0.492 -.98 47
Household construct (base: single parent and children)
Parents and children -.55 34 -1.60 0.109 -1.22 A2
Parents, grandparent/s, children -.65 Sl -1.27 0.205 -1.66 .36
Single parent, grandparent/s, -1.05 54 -1.96 0.050 2.11 .00
children
Number of cars/household (base: one)
Two .20 22 0.91 0.362 -.23 .64
Three or more 94 40 2.34 0.019 15 1.73
Number of children/household (base: one)
Two .70 .28 2.54 0.011 .16 1.24
Three or more 47 31 1.52 0.128 -.13 1.08
cons -1.30 .68 -1.92 0.055 -2.62 .03

Only the variables with a significant relationship trend (p<0.10) in the preliminary steps were used in making
this final model.
For those variables reported by both students and their caregivers, the respondent is mentioned in parenthesis.
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Table C 2 The estimated results (exponentiated coefficients) of the choice model in Toyoyama town
(insignificant estimates are highlighted in grey)

Conditional logit choice model (Toyoyama) No. of observations 2316

Wald chi® (40) 116.84 No. of cases 772
Log-likelihood ~ -628.34 Prob>chi®?  0.00 Alternatives per case 3

Variables Odds ratio std. err. z P>|z| [95% conf. interval]

Alternative-specific variables

Psychological

Perceived barriers .96 .08 -0.42 0.676 .82 1.14

Perceived Benefits 1.23 15 1.73 0.083 .97 1.56

Social Modeling of caregivers 1.14 .06 2.52 0.012 1.03 1.26

(students)

Social Norm from caregivers 1.20 .09 2.44 0.015 1.03 1.38

(caregivers)

Variables Relative g err. 2 P>z  [95% conf. interval]
risk ratio

Case-specific variables

Public Transport (PT) estimates (base alternative: CAR)

Psychological

Self-Efficacy “WC over CAR 1.16 21 0.82 0.410 81 1.65
(students)

Self-Efficacy “PT over CAR 1.41 17 2.88 0.004 1.11 1.77
(caregivers)

Independent Mobility (IM)

IM license (base: not allowed to do) (caregivers)

2: Allowed to go out after dark 29 .16 -2.27 0.023 .10 .85

3: Allowed to cycle on main 2.56 115 210 0.036 1.06 6.16
roads

IM license (base: not allowed to do) (students)

1: Allowed to travel to places
other than school within .53 25 -1.35 0.177 21 1.33
walking distance

Socio-demographic

Female (base: male) 1.75 .60 1.62 0.104 .89 3.45
st inal by 1.00 36 0.00 0.996 49 2.04
not having)
Living district (base: Shimizu elementary school district)
Toyoyama elementary school 3.07 1.27 2.71 0.007 1.36 6.89
Shinei elementary school 1.24 .58 0.45 0.652 49 3.11
Caregivers’ age (base: over 50)
Less than 40 40 25 -1.47 0.142 12 1.35
40-50 22 11 -3.00 0.003 .08 .59
Household construct (base: single parent and children)
Parents and children 81 .55 -0.30 0.761 21 3.10
LHEETR, (SR, 24 25 134 0.180 03 1.93
children
S rrisitl, iy 28 28 125 0213 04 2.08
children
Number of cars/household (base: one)
Two .87 .33 -0.35 0.724 41 1.85
Three or more 4.17 2.86 2.08 0.037 1.09 15.98
Number of children/household (base: one)
Two 4.17 241 247 0.013 1.34 12.96
Three or more 4.17 241 247 0.013 1.34 12.96
cons .04 .05 -2.34 0.019 .00 .59
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Relative

Variables . . Std. err. z P>|z| [95% conf. interval]
risk ratio

Walking/Cycling (WC) estimates (base alternative: CAR)

Psychological

Self-Efficacy "WC over CAR 1.20 11 210 0.036 1.01 1.43

(students)

Self-Efficacy "PT over CAR 1.26 08 3.50 0.000 1.10 1.43

(caregivers)

Independent Mobility (IM)

IM license (base: not allowed to do) (caregivers)

2: Allowed to go out after dark 1.10 25 0.42 0.675 .70 1.73

3: Allowed to cycle on main 79 15 120 0.229 54 1.16
roads

IM license (base: not allowed to do) (students)

1: Allowed to travel to places
other than school within 1.31 .36 0.98 0.327 .76 2.25
walking distance

Socio-demographic

Female (base: male) .55 .10 -3.35 0.001 .39 .78
LETn ATt O P S5 (5 1.24 24 1.12 0.261 85 1.80
not having)
Living district (base: Shimizu elementary school district)
Toyoyama elementary school 1.58 .33 2.20 0.028 1.05 2.38
Shinei elementary school 1.39 31 1.46 0.144 .89 2.15
Caregivers’ age (base: over 50)
Less than 40 .84 .35 -0.43 0.669 37 1.89
40-50 77 .29 -0.69 0.492 37 1.60
Household construct (base: single parent and children)
Parents and children .58 .20 -1.60 0.109 .29 1.13
LHEETR, (SR, 52 27 -1.27 0.205 19 1.43
children
Single parent, grandparent/s, 35 19 196 0.050 12 1.00
children
Number of cars/household (base: one)
Two 1.22 27 0.91 0.362 .79 1.89
Three or more 2.57 1.04 2.34 0.019 1.16 5.69
Number of children/household (base: one)
Two 2.02 .56 2.54 0.011 1.17 3.47
Three or more 1.61 .50 1.52 0.128 .87 2.96
cons 27 18 -1.92 0.055 .07 1.03

Note: ¢ cons’ estimates baseline relative risk for each outcome.
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Table C 3 The estimated Average Marginal Effects (AME) for the choice model in Toyoyama town
(insignificant estimates are highlighted in grey)

Variables dy/dx std. err. z P>|z| [95% conf. interval]
Alternative-specific variables

Psychological

Perceived barriers _outcome#alt

CAR#CAR -.01 .02 -0.42 0.676 -.04 .03
CAR#PT .00 .00 0.42 0.677 -.00 .01
CAR#WC .01 .01 0.42 0.676 -.02 .04
PT#CAR .00 .00 0.42 0.677 -.00 .01
PT#PT -.00 .00 -0.42 0.677 -.01 .01
PTHWC .00 .00 0.42 0.677 -.00 .01
WCHCAR .01 .01 0.42 0.676 -.02 .04
WCHPT .00 .00 0.42 0.677 -.00 .01
WCHWC -.01 .02 -0.42 0.676 -.045 .03
Perceived Benefits _outcomettalt

CAR#CAR .04 .03 1.74 0.081 -.00 .10
CAR#PT -.01 .00 -1.70 0.089 -.01 .00
CAR#WC -.04 .02 -1.74 0.081 -.08 .00
PT#CAR -.01 .00 -1.70 0.089 -.01 .00
PT#PT .01 .01 1.71 0.088 -.00 .03
PTHWC -.01 .00 -1.70 0.090 -.01 .00
WCHCAR -.04 .02 -1.74 0.081 -.08 .00
WCHPT -.01 .00 -1.70 0.090 -.01 .00
WCHWC .05 .03 1.74 0.081 -.00 .01
Social Modeling of caregivers (students) outcome#alt

CAR#CAR .03 .01 2.54 0.011 .01 .05
CAR#PT -.00 .00 -2.40 0.016 -.01 -.00
CAR#WC -.02 .01 -2.54 0.011 -.04 -.00
PT#CAR -.00 .00 -2.40 0.016 -.01 -.00
PT#PT .01 .00 2.44 0.015 .00 .01
PT#WC -.00 .00 -2.43 0.015 -.01 -.00
WCHCAR -.02 .01 -2.54 0.011 -.04 -.00
WCHPT -.00 .00 -2.43 0.015 -.01 -.00
WCHWC .03 .01 2.55 0.011 .01 .05
Social Norm from caregivers (caregivers) outcomet#alt

CAR#CAR .04 .02 247 0.014 .01 .07
CAR#PT -.00 .00 -2.35 0.019 -.01 -.00
CAR#WC -.03 .01 -2.47 0.014 -.06 -.01
PT#CAR -.00 .00 -2.35 0.019 -.01 -.00
PT#PT .01 .00 2.36 0.018 .00 .02
PT#WC -.00 .00 -2.34 0.019 -.01 -.00
WCHCAR -.03 .01 -2.47 0.014 -.06 -.01
WCHPT -.00 .00 -2.34 0.019 -.01 -.00
WCHWC .04 .01 2.46 0.014 .01 .07
Case-specific variables

Psychological

Self-Efficacy “WC over CAR” (students) outcome

CAR -.04 .02 -2.13 0.033 -.08 -.00
PT .00 .01 0.32 0.753 -.02 .02
WC .04 .02 1.94 0.052 -.00 .07
Self-Efficacy “PT over CAR” (caregivers) outcome

CAR -.05 .01 -3.99 0.000 -.08 -.03
PT .01 .01 2.03 0.042 00 .03
WC .04 .01 2.97 0.003 .01 .07
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Variables dy/dx std. err. z P>|z| [95% conf. interval]

Independent Mobility (IM)

IM license (base: not allowed to do) (caregivers)

2: Allowed to go out after dark outcome

CAR .01 .05 0.16 0.872 -.09 .10
PT -.06 .02 -3.39 0.001 -.09 -.02
wC .05 .05 1.01 0.310 -.05 15
3: Allowed to cycle on main roads outcome

CAR .02 .04 0.54 0.592 -.06 .10
PT .05 .02 3.05 0.002 .02 .09
WC -.08 .04 -1.84 0.065 -.16 .00

IM license (base: not allowed to do) (students)

1: Allowed to travel to places other than school within walking distance outcome

CAR -.02 .06 -0.39 0.693 -.14 .09
PT -.06 .04 -1.41 0.157 -.14 .02
WC .08 .06 1.47 0.142 -.03 .19

Socio-demographic

Female (base: male) outcome

CAR .10 .04 2.63 0.009 .02 17
PT .05 .02 2.73 0.006 .01 .09
wC -.15 .04 -3.99 0.000 =22 -.08
Having elder siblings (base: not having) outcome

CAR -.04 .04 -1.00 0.317 -.12 .04
PT -.01 .02 -0.31 0.759 -.05 .03
wC .05 .04 1.17 0.243 -.03 .13

Living district (base: Shimizu elementary school district)

Toyoyama elementary school outcome

CAR -12 .04 -2.82 0.005 -21 -.04
PT .06 .03 2.28 0.023 .01 11
WC .06 .04 1.46 0.144 -.02 15
Shinei elementary school outcome

CAR -.07 .05 -1.45 0.146 -.16 .02
PT .00 .02 0.12 0.904 -.04 .04
wC .07 .05 1.40 0.160 -.03 .16

Caregivers’ age (base: over 50)

Less than 40 outcome

CAR .07 .08 0.89 0.371 -.09 .24
PT -.08 .06 -1.33 0.184 =21 .04
WC .01 .08 0.13 0.897 -.15 .18
40-50 outcome

CAR A1 .07 1.49 0.135 -.03 25
PT -.12 .06 -2.21 0.027 -23 -.01
WC .01 .07 0.19 0.846 -.13 .16

Household construct (base: single parent and children)

Parents and children outcome

CAR A1 .07 1.57 0.117 -.03 .24
PT .01 .04 0.16 0.870 -.08 .09
wC =11 .07 -1.56 0.119 -.26 .03
Parents, grandparent/s, children outcome

CAR .16 .10 1.47 0.141 -.05 .36
PT -.05 .05 -0.96 0.336 -.15 .05
wC =11 A1 -0.98 0.328 -32 A1
Single parent, grandparent/s, children outcome

CAR 23 A1 2.16 0.031 .02 45
PT -.04 .05 -0.73 0.465 -.14 .06
wC -.20 A1 -1.78 0.075 -41 .02
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Variables dy/dx std. err. z P>|z| [95% conf. interval]

Number of cars/household (base: one)

Two outcome

CAR -.03 .05 -0.74 0.460 -.13 .06
PT -.01 .02 -0.61 0.539 -.06 .03
WC .05 .05 1.03 0.302 -.04 .14
Three or more outcome

CAR -22 .07 -2.91 0.004 -.37 -.07
PT .08 .07 1.17 0.243 -.05 21
WC .14 .08 1.63 0.102 -.03 31

Number of children/household (base: one)

Two outcome

CAR -.18 .06 -3.09 0.002 -.29 -.06
PT .06 .02 2.57 0.010 .01 11
WC 12 .06 2.05 0.041 .00 23
Three or more outcome

CAR -.10 .06 -1.61 0.108 -23 .02
PT .01 .02 0.47 0.639 -.03 .06
WC .09 .06 1.45 0.147 -.03 22

Note: dy/dx for factor levels is the discrete change from the base level.
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Appendix D: Complete Choice Model Results of Minamiise

Table D 1 The estimated results (logit values) of the choice model in Minamiise town (insignificant estimates
are highlighted in grey)

Conditional logit choice model (Minamiise) No. of observations 1827

Wald chi® (40) 84.17 No. of cases 609
Log-likelihood ~ -467.18 Prob>chi*>  0.00 Alternatives per case 3

Variables Coefficient  std. err. z P>|z| [95% conf. interval]

Alternative-specific variables

Psychological

Social Support .60 13 4.64 0.000 .34 .85
Social Modeling of friends 15 08 1.89 0.058 00 30
(students)

Social Norm from friends -22 12 176 0.078 -46 02
(students)

Case-specific variables

Public Transport (PT) estimates (base alternative: CAR)

Environmental

Neighborhood Safety -.27 .26 -1.06 0.289 -.78 23
Walking/Cycling Environment .19 .16 1.22 0.223 -.12 .50
Psychological

ffge Igzgg “PT over CAR® 11 10 110 0270 .09 32

Independent Mobility (IM)

IM license (base: not allowed to do) (students)

3: Allowed to cycle on main

-.65 .29 -2.22 0.027 -1.23 -.07
roads
IM Farthest Distance (base: home neighborhood) (students)
School neighborhood .02 47 0.03 0.972 -91 .94
Inside the town 37 49 0.77 0.442 -.58 1.33
Out of town .94 .50 1.88 0.060 -.04 1.92
Socio-demographic
Living district (base: Nansei) .06 28 0.21 0.830 -49 .61
Grade (base: third grade)
First grade -.80 .36 -2.25 0.025 -1.50 -.10
Second grade -.51 32 -1.59 0.112 -1.14 A2
Number of children/household (base: one)
Two 21 47 0.45 0.656 -71 1.12
Three or more 31 44 0.70 0.486 -.56 1.18
cons -.67 .89 -0.75 0.451 -2.41 1.07
Walking/Cycling (WC) estimates (base alternative: CAR)
Environmental
Neighborhood Safety A48 .19 2.55 0.011 1 .85
Walking/Cycling Environment -.24 .16 -1.50 0.133 -.55 .07
Psychological
Self-Efjicacy “PT over CAR 06 09 065 0519  -25 12
(caregivers)

Independent Mobility (IM)

IM license (base: not allowed to do) (students)

3: Allowed to cycle on main

.33 .28 1.18 0.238 -22 .87
roads
IM Farthest Distance (base: home neighborhood) (students)
School neighborhood .06 37 0.16 0.871 -.66 78
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Variables Coefficient  std. err. z P>|z| [95% conf. interval]

Inside the town -12 .38 -0.32 0.746 -.86 .62
Out of town 15 44 0.34 0.732 =72 1.02
Socio-demographic
Living district (base: Nansei) -.10 24 -0.40 0.691 -.58 .38
Grade (base: third grade)
First grade .50 .35 1.42 0.155 -.19 1.19
Second grade 72 .33 2.14 0.032 .06 1.37
Number of children/household (base: one)
Two 42 41 1.03 0.304 -.38 1.22
Three or more .33 41 0.82 0.414 -46 1.13
cons -2.79 .76 -3.68 0.000 -4.28 -1.30

Only the variables with a significant relationship trend (p<0.10) in the preliminary steps were used in making
this final model.
For those variables reported by both students and their caregivers, the respondent is mentioned in parenthesis.
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Table D 2 The estimated results (exponentiated coefficients) of the choice model in Minamiise town
(insignificant estimates are highlighted in grey)

Conditional logit choice model (Minamiise) No. of observations 1827

Wald chi® (40) 84.17 No. of cases 609
Log-likelihood  -467.18 Prob>chi*>  0.00 Alternatives per case 3

Variables Odds ratio std. err. z P>|z| [95% conf. interval]

Alternative-specific variables

Psychological

Social Support 1.82 23 4.64 0.000 1.41 2.34

Sooid ey o gl 1.16 .09 1.89 0.058 99 1.36

(students)

SOEL oD o HFi 80 10 -1.76 0.078 63 1.02

(students)

Variables Relative = g orr. z P>zl  [95% conf. interval]
risk ratio

Case-specific variables

Public Transport (PT) estimates (base alternative: CAR)

Environmental

Neighborhood Safety .76 .19 -1.06 0.289 46 1.26
Walking/Cycling Environment 1.21 .19 1.22 0.223 .89 1.65
Psychological

Self-Efficacy "PT over CAR' 112 12 110 0270 91 1.37
(caregivers)

Independent Mobility (IM)

IM license (base: not allowed to do) (students)

3: Allowed to cycle on main

52 15 -2.22 0.027 29 93
roads
IM Farthest Distance (base: home neighborhood) (students)
School neighborhood 1.02 48 0.03 0.972 40 2.56
Inside the town 1.45 71 0.77 0.442 .56 3.79
Out of town 2.57 1.29 1.88 0.060 .96 6.86
Socio-demographic
Living district (base: Nansei 1.06 30 021 0.830 61 1.83
district)
Grade (base: third grade)
First grade 45 .16 -2.25 0.025 22 .90
Second grade .60 .19 -1.59 0.112 32 1.13
Number of children/household (base: one)
Two 1.23 57 0.45 0.656 49 3.08
Three or more 1.36 .61 0.70 0.486 .57 3.27
cons Sl 45 -0.75 0.451 .09 2.92
Walking/Cycling (WC) estimates (base alternative: CAR)
Environmental
Neighborhood Safety 1.62 31 2.55 0.011 1.12 2.35
Walking/Cycling Environment .79 12 -1.50 0.133 .58 1.07
Psychological
Self-Efjicacy “PT over CAR” 94 09 065 0519 78 113
(caregivers)

Independent Mobility (IM)

IM license (base: not allowed to do) (students)

= ialloged iolgyclcion'main 139 39 118 0238 80 239
roads

IM Farthest Distance (base: home neighborhood) (students)
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Relative

Variables R . Std. err. z P>z [95% conf. interval]
risk ratio
School neighborhood 1.06 .39 0.16 0.871 Sl 2.19
Inside the town .88 .33 -0.32 0.746 42 1.85
Out of town 1.16 .52 0.34 0.732 .49 2.77
Socio-demographic
Living district (base: Nansei) 91 22 -0.40 0.691 .56 1.47
Grade (base: third grade)
First grade 1.65 .58 1.42 0.155 .83 3.28
Second grade 2.05 .68 2.14 0.032 1.06 3.94
Number of children/household (base: one)
Two 1.52 .62 1.03 0.304 .68 3.38
Three or more 1.39 .57 0.82 0.414 .63 3.10
cons .06 .05 -3.68 0.000 .01 27

Note: © cons’ estimates baseline relative risk for each outcome.
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Table D 3 The estimated Average Marginal Effects (AME) for the choice model in Minamiise town
(insignificant estimates are highlighted in grey)

Variables dy/dx std. err. z P>|z| [95% conf. interval]
Alternative-specific variables

Psychological

Social Support _outcome#alt

CAR#CAR 12 .02 4.86 0.000 .07 17
CAR#PT -.05 .01 -4.50 0.000 -.07 -.03
CAR#WC -.07 .01 -4.74 0.000 -.10 -.04
PT#CAR -.05 .01 -4.50 0.000 -.07 -.03
PT#PT .06 .01 4.44 0.000 .03 .09
PTHWC -.01 .00 -3.82 0.000 -.02 -.01
WCH#CAR -.07 .01 -4.74 0.000 -.10 -.04
WCHPT -.01 .00 -3.82 0.000 -.02 -.01
WCHWC .08 .02 4.68 0.000 .05 12
Social Modeling of friends (students) outcometalt

CAR#CAR .03 .01 1.90 0.058 .00 .06
CAR#PT -.01 .01 -1.89 0.059 -.02 .00
CAR#WC -.02 .01 -1.88 0.060 -.04 .00
PT#CAR -.01 .01 -1.89 0.059 -.02 .00
PT#PT .01 .01 1.89 0.058 .00 .03
PTHWC .00 .00 -1.87 0.062 -.01 .00
WCH#CAR -.02 .01 -1.88 0.060 -.04 .00
WCHPT .00 .00 -1.87 0.062 -.01 .00
WCHWC .02 .01 1.89 0.059 .00 .04
Social Norm from friends (students) outcomettalt

CAR#CAR -.04 .02 -1.77 0.076 -.09 .00
CAR#PT .02 .01 1.75 0.080 .00 .04
CAR#WC .02 .01 1.77 0.077 .00 .05
PT#CAR .02 .01 1.75 0.080 .00 .04
PT#PT -.02 .01 -1.75 0.081 -.05 .00
PTHWC .00 .00 1.70 0.089 .00 .01
WCH#CAR .02 .01 1.77 0.077 .00 .05
WCHPT .00 .00 1.70 0.089 .00 .01
WCHWC -.03 .02 -1.76 0.078 .06 .00
Case-specific variables

Environmental

Neighborhood Safety outcome

CAR -.03 .03 -1.02 0.306 -.10 .03
PT -.04 .03 -1.47 0.141 -.09 .01
wC .07 .02 2.85 0.004 .03 12
Walking/Cycling Environment _outcome

CAR .01 .02 0.48 0.630 -.04 .06
PT .02 .02 1.56 0.118 .00 .06
wC -.04 .02 -1.73 0.083 -.08 .00
Psychological

Self-Efficacy “PT over CAR” (caregivers) outcome

CAR .00 .01 -0.15 0.880 -.03 .03
PT .01 .01 1.26 0.209 -.01 .03
wC -.01 .01 -0.85 0.395 -.04 .01

Independent Mobility (IM)

IM license (base: not allowed to do) (students)

3: Allowed to cycle on main roads outcome

CAR .02 .04 0.56 0.575 -.06 1
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Variables dy/dx Std. err. z P>|z| [95% conf. interval]

PT -.08 .03 -2.31 0.021 -.15 -.01

wC .06 .03 1.72 0.085 -.01 12

IM Farthest Distance (base: home neighborhood) (students)

School neighborhood outcome

CAR -.01 .06 -0.14 0.885 -.13 1
PT .00 .04 0.01 0.992 -.08 .08
WC .01 .05 0.16 0.873 -.09 1
Inside the town outcome

CAR -.01 .06 -0.24 0.809 -.14 11
PT .04 .04 0.86 0.390 -.05 13
WC -.02 .05 -0.45 0.649 -.12 .08
Out of town outcome

CAR -.10 .07 -1.41 0.158 -.25 .04
PT .10 .05 1.97 0.049 .00 21
WC .00 .06 -0.02 0.986 -.12 12

Socio-demographic

Living district (base: Nansei district)

Nantou district outcome

CAR .01 .04 0.16 0.875 -.07 .09
PT .01 .03 0.29 0.771 -.05 .06
wC -.01 .03 -0.45 0.655 -.08 .05

Grade (base: third grade)

First grade outcome

CAR .02 .05 0.48 0.628 -.08 13
PT -.10 .04 -2.49 0.013 -.18 -.02
WC .08 .04 1.95 0.051 .00 15
Second grade outcome

CAR -.02 .05 -0.49 0.628 -.12 .07
PT -.08 .04 -2.01 0.044 -.16 .00
WC .10 .04 2.70 0.007 .03 18

Number of children/household (base: one)

Two outcome

CAR -.06 .06 -1.04 0.297 -.18 .06
PT .01 .04 0.29 0.772 -.07 .10
WC .05 .05 1.03 0.301 -.05 .15
Three or more outcome

CAR -.06 .06 -1.05 0.294 -.18 .05
PT .02 .04 0.59 0.552 -.06 1
WC .04 .05 0.75 0.455 -.06 13

Note: dy/dx for factor levels is the discrete change from the base level.
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Appendix E: Complete Choice Model Results of Kiso

Table E 1 The estimated results (logit values) of the choice model in Kiso town (insignificant estimates are
highlighted in grey)

Conditional logit choice model (Kiso) No. of observations 2004

Wald chi2 (40) 131.03 No. of cases 668
Log-likelihood ~ -472.72 Prob>chi2  0.00 Alternatives per case 3

Variables Coefficient  std. err. z P>|z| [95% conf. interval]

Alternative-specific variables

Psychological

Social Modeling of caregivers

. 22 .16 1.37 0.170 -.10 .54
(caregivers)

Case-specific variables

Public Transport (PT) estimates (base alternative: CAR)

Psychological

Self-Efficacy “WC over CAR”

: 22 15 1.50 0.133 -.07 S1
(caregivers)

Self-Efficacy “PT over CAR”

(students) 20 A2 1.65 0.099 -.04 43

Self-Efficacy “PT over CAR”

: 37 15 2.37 0.018 .06 .67
(caregivers)

Independent Mobility (IM)

IM license (base: not allowed to do) (students)

4: Allowed to use the town bus 48 44 1.09 0.276 -39 1.35
IM Farthest Distance (base: school neighborhood) (students)

Inside the town .89 .53 1.67 0.095 -.15 1.94

Out of town 1.42 .64 2.23 0.026 17 2.67
IM Farthest Distance (base: home neighborhood) (caregivers)

School neighborhood -.70 .54 -1.29 0.197 -1.77 .36

Inside the town -1.29 .55 -2.34 0.019 -2.37 -21

Out of town -1.44 .59 -2.44 0.015 -2.59 -.28
Socio-demographic
Female (base: male) 44 31 1.39 0.163 -.18 1.05
Grade (base: third grade)

First grade 24 .39 0.62 0.537 =52 1.00

Second grade 37 .38 0.96 0.338 -.38 1.12
Future plan (base: work/study inside the town or others)

Work/study out of town -.29 .33 -0.86 0.387 -.94 .36
Ll Glelan St (s -49 38 -1.29 0.198 -1.23 25
not having)

Having elder siblings
studying/working out of town 31 45 0.69 0.488 -.57 1.20
(base: not having)
LT3z gl (A SIEs o .22 34 0.66 0511 -89 44
owning)
Living district (base: Kaida district)
Fukushima -.94 42 -2.25 0.024 -1.76 -.12
Hiyoshi .07 .54 0.12 0.903 -1.00 1.13
Mitake -.09 .50 -0.19 0.853 -1.08 .89
Household construct (base: single parent and children)
Parents and children 1.78 1.07 1.67 0.095 -31 3.88
IS, g e, 1.88 1.07 175 0.080 ) 3.98
children

Single parent, grandparent/s, 2.52 1.17 2.14 0.032 22 4.82

children
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Variables Coefficient  std. err. z P>|z| [95% conf. interval]

Caregivers’ job (base: full-time homemaker or unemployed)

Full-time employee -.14 .67 -0.21 0.832 -1.45 1.16
Part-time employee -.17 .68 -0.25 0.803 -1.50 1.16
Full-time self-employed 18 .76 0.24 0.810 -1.31 1.67
cons -4.34 1.75 -2.48 0.013 -7.77 -.90

Walking/Cycling (WC) estimates (base alternative: CAR)

Psychological

Self-Efficacy "WC over CAR” 29 13 2.28 0.023 04 55

(caregivers)

Self-Efjicacy "PT over CAR 00 09 -0.02  0.987 -18 18

(students)

Self-Efficacy "PT over CAR 00 14 000  0.996 27 27

(caregivers)

Independent Mobility (IM)

IM license (base: not allowed to do) (students)

4: Allowed to use the town bus .16 .30 0.53 0.597 -43 .76
IM Farthest Distance (base: school neighborhood) (students)

Inside the town .63 41 1.54 0.122 =17 1.43

Out of town 1.17 45 2.60 0.009 29 2.05
IM Farthest Distance (base: home neighborhood) (caregivers)

School neighborhood -.08 49 -0.16 0.869 -1.04 .88

Inside the town -11 47 -0.23 0.821 -1.03 .82

Out of town .00 49 -0.00 0.998 -97 .96
Socio-demographic
Female (base: male) -.59 17 -3.35 0.001 -.93 -.24
Grade (base: third grade)

First grade 49 32 1.52 0.129 -.14 1.11

Second grade .84 .33 2.57 0.010 .20 1.49
Future plan (base: work/study inside the town or others)

Work/study out of town -.81 .29 -2.79 0.005 -1.38 -.24
LElTAIs Glelar S (o2 -51 30 172 0.086 -1.09 07
not having)

Having elder siblings
studying/working out of town .61 .35 1.72 0.086 -.08 1.30
(base: not having)
ATz gl (S Sies o -20 27 -0.73 0.468 -73 34
owning)
Living district (base: Kaida district)
Fukushima 1.38 .60 2.30 0.021 .20 2.55
Hiyoshi 1.99 .63 3.16 0.002 75 3.23
Mitake .67 75 0.89 0.374 -.80 2.14
Household construct (base: single parent and children)
Parents and children -.04 46 -0.08 0.938 -.94 .87
LHEETR, (SR, 10 50 0.20 0.841 -.88 1.08
children
S rrisitl, iy 10 67 015 0880  -121 1.41
children
Caregivers’ job (base: full-time homemaker or unemployed)
Full-time employee -1.14 .50 -2.30 0.021 -2.12 -17
Part-time employee -.90 Sl -1.76 0.078 -1.90 .10
Full-time self-employed .04 .59 0.07 0.941 -1.11 1.19
cons -2.34 1.29 -1.81 0.070 -4.87 .19

Only the variables with a significant relationship trend (p<0.10) in the preliminary steps were used in making
this final model.
For those variables reported by both students and their caregivers, the respondent is mentioned in parenthesis.
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Table E 2 The estimated results (exponentiated coefficients) of the choice model in Kiso town (insignificant
estimates are highlighted in grey)

Conditional logit choice model (Kiso) No. of observations 2004

Wald chi® (40) 131.03 No. of cases 668
Log-likelihood ~ -472.72 Prob>chi*>  0.00 Alternatives per case 3

Variables Odds ratio std. err. z P>|z| [95% conf. interval]

Alternative-specific variables

Psychological

Soczal.Modelmg of caregivers 125 20 137 0.170 91 172

(caregivers)

Variables Relative g4 orr. z P>zl  [95% conf. interval]
risk ratio

Case-specific variables

Public Transport (PT) estimates (base alternative: CAR)

Psychological

Self-Efficacy “WC over CAR”

; 1.25 18 1.50 0.133 .93 1.66
(caregivers)

Self-Efficacy “PT over CAR”

(students) 1.22 .14 1.65 0.099 .96 1.53

Self-Efficacy “PT over CAR”

: 1.45 22 2.37 0.018 1.07 1.96
(caregivers)

Independent Mobility (IM)

IM license (base: not allowed to do) (students)

4: Allowed to use the town bus 1.62 2 1.09 0.276 .68 3.87
IM Farthest Distance (base: school neighborhood) (students)

Inside the town 2.44 1.30 1.67 0.095 .85 6.93

Out of town 4.15 2.65 2.23 0.026 1.19 14.48
IM Farthest Distance (base: home neighborhood) (caregivers)

School neighborhood 49 27 -1.29 0.197 17 1.44

Inside the town 27 15 -2.34 0.019 .09 .81

Out of town 24 .14 -2.44 0.015 .07 .75
Socio-demographic
Female (base: male) 1.55 49 1.39 0.163 .84 2.87
Grade (base: third grade)

First grade 1.27 49 0.62 0.537 .59 2.72

Second grade 1.44 .55 0.96 0.338 .68 3.07
Future plan (base: work/study inside the town or others)

Work/study out of town 75 25 -0.86 0.387 .39 1.44
Ll Glelan St (s 61 23 -1.29 0.198 29 1.29
not having)

Having elder siblings
studying/working out of town 1.37 .62 0.69 0.488 .56 3.31
(base: not having)
Owning a phone (base: not 80 27 0.66  0.511 41 1.56
owning)
Living district (base: Kaida district)
Fukushima .39 .16 -2.25 0.024 17 .88
Hiyoshi 1.07 .58 0.12 0.903 37 3.11
Mitake 91 46 -0.19 0.853 .34 2.44
Household construct (base: single parent and children)
Parents and children 5.95 6.36 1.67 0.095 73 48.30
LHEETR, (SR, 6.55 7.04 1.75 0.080 .80 53.82
children

Single parent, grandparent/s, 12.39 14.55 214 0032 1.24 123.67

children
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Relative

Variables . . Std. err. z P>|z| [95% conf. interval]
risk ratio
Caregivers’ job (base: full-time homemaker or unemployed)

Full-time employee .87 .58 -0.21 0.832 23 3.20

Part-time employee .84 57 -0.25 0.803 22 3.19

Full-time self-employed 1.20 91 0.24 0.810 27 5.33

cons .01 .02 -2.48 0.013 .00 .40
Walking/Cycling (WC) estimates (base alternative: CAR)

Psychological

Self-Efficacy "WC over CAR” 1.34 17 2.28 0.023 1.04 1.73
(caregivers)

DXl iy I O CAL 1.00 .09 -0.02 0.987 83 1.20
(students)

Sejf ey T gy Ca 1.00 14 000  0.99 76 131
(caregivers)

Independent Mobility (IM)

IM license (base: not allowed to do) (students)

ok Allowed o use the town 1.17 36 053 0597 65 2.13
IM Farthest Distance (base: school neighborhood) (students)

Inside the town 1.88 17 1.54 0.122 .84 4.19

Out of town 3.21 1.44 2.60 0.009 1.33 7.74
IM Farthest Distance (base: home neighborhood) (caregivers)

School neighborhood .92 45 -0.16 0.869 .35 241

Inside the town .90 42 -0.23 0.821 35 2.27

Out of town 1.00 49 -0.00 0.998 .38 2.62
Socio-demographic
Female (base: male) .56 .14 -3.35 0.001 33 93
Grade (base: third grade)

First grade 1.63 .52 1.52 0.129 .87 3.05

Second grade 2.32 .76 2.57 0.010 1.22 4.42
Future plan (base: work/study inside the town or others)

Work/study out of town 44 13 -2.79 0.005 25 78
Ll Glelan St (s .60 18 172 0.086 34 1.07
not having)

Having elder siblings
studying/working out of town 1.84 .65 1.72 0.086 .92 3.69
(base: not having)
Otz @ pliose (ese e 82 22 0.73 0.468 48 1.40
owning)
Living district (base: Kaida district)

Fukushima 3.97 2.38 2.30 0.021 1.23 12.84
Hiyoshi 7.34 4.63 3.16 0.002 2.13 25.29
Mitake 1.95 1.46 0.89 0.374 45 8.49
Household construct (base: single parent and children)

Parents and children .96 44 -0.08 0.938 .39 2.38
IS, g e, 1.10 55 020 0841 41 2.95
children

Shig2 o penigith (S 1.10 74 0.15  0.880 30 4.09
children
Caregivers’ job (base: full-time homemaker or unemployed)

Full-time employee 32 .16 -2.30 0.021 12 .84
Part-time employee 41 21 -1.76 0.078 A5 1.11
Full-time self-employed 1.04 .61 0.07 0.941 .33 3.30

cons .10 12 -1.81 0.070 .01 1.21

Note: ° cons’ estimates baseline relative risk for each outcome.
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Table E 3 The estimated Average Marginal Effects (AME) for the choice model in Kiso town (insignificant
estimates are highlighted in grey)

Variables dy/dx std. err. z P>z [95% conf. interval]
Alternative-specific variables

Psychological

Social Modeling of caregivers (caregivers) outcome#alt

CAR#CAR .04 .03 1.37 0.169 -.02 .10
CAR#PT -.02 .01 -1.36 0.173 -.04 .01
CAR#WC -.02 .02 -1.37 0.170 -.06 .01
PT#CAR -.02 .01 -1.36 0.173 -.04 .01
PT#PT .02 .01 1.36 0.173 -.01 .05
PTHWC .00 .00 -1.34 0.179 -.01 .00
WCHCAR -.02 .02 -1.37 0.170 -.06 .01
WCHPT .00 .00 -1.34 0.179 -.01 .00
WCHWC .03 .02 1.37 0.170 -.01 .07
Case-specific variables

Psychological

Self-Efficacy “WC over CAR” (caregivers) outcome

CAR -.05 .02 -2.55 0.011 -.09 -.01
PT .01 .01 1.08 0.281 -.01 .04
WC .03 .02 2.07 0.039 .00 .07
Self-Efficacy “PT over CAR” (students) outcome

CAR -.01 .01 -0.94 0.346 -.04 .01
PT .02 .01 1.68 0.092 .00 .04
wC .00 .01 -0.35 0.725 -.03 .02
Self-Efficacy “PT over CAR” (caregivers) outcome

CAR -.03 .02 -1.29 0.196 -.07 .01
PT .03 .01 243 0.015 .01 .06
wC -.01 .02 -0.43 0.671 -.04 .03

Independent Mobility (IM)

IM license (base: not allowed to do) (students)

4: Allowed to use the town bus outcome

CAR -.05 .05 -1.06 0.288 -.14 .04
PT .04 .03 1.13 0.260 -.03 .10
WC .01 .04 0.31 0.756 -.06 .09

IM Farthest Distance (base: school neighborhood) (students)

Inside the town outcome

CAR -11 .05 -2.31 0.021 -21 -.02
PT .06 .03 1.68 0.093 -.01 12
WC .06 .04 1.43 0.151 -.02 .14
Out of town outcome

CAR -22 .06 -3.51 0.000 -.34 -.10
PT .10 .05 2.08 0.038 .00 .19
WC 12 .05 2.45 0.014 .02 22

IM Farthest Distance (base: home neighborhood) (caregivers)

School neighborhood outcome

CAR .08 .08 1.03 0.302 -.07 23
PT -.09 .07 -1.24 0.215 -23 .05
WC .01 .06 0.20 0.840 -.10 13
Inside the town outcome

CAR A3 .07 1.72 0.085 -.02 27
PT -.15 .07 -2.13 0.034 -28 -.01
WC .02 .06 0.38 0.705 -.09 13
Out of town outcome

CAR 12 .08 1.62 0.106 -.03 27
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Variables dy/dx std. err. z P>|z| [95% conf. interval]

PT -.16 .07 -2.26 0.024 -.30 -.02

WC .04 .06 0.64 0.520 -.08 .16

Socio-demographic

Female (base: male) outcome

CAR .03 .04 0.80 0.422 -.04 1
PT .05 .03 1.80 0.072 .00 1
WC -.09 .03 -2.62 0.009 -.15 -.02

Grade (base: third grade)

First grade outcome

CAR -.07 .05 -1.45 0.148 -.16 .02
PT .01 .03 0.35 0.726 -.06 .08
WC .06 .04 1.42 0.155 -.02 13
Second grade outcome

CAR -12 .05 -2.46 0.014 -22 -.02
PT .01 .03 0.43 0.666 -.05 .08
WC A1 .04 2.37 0.018 .02 .20

Future plan (base: work/study inside the town or others)

Work/study out of town outcome

CAR A1 .04 2.69 0.007 .03 18
PT -.01 .03 -0.36 0.718 -.07 .05
wC -.09 .03 -2.95 0.003 -.16 -.03
Having elder siblings (base: not having) outcome

CAR .09 .05 2.00 0.045 .00 18
PT -.03 .03 -1.00 0.320 -.10 .03
wC -.06 .04 -1.47 0.141 -.13 .02
Having elder siblings studying/working out of town (base: not having) _outcome

CAR -.09 .06 -1.62 0.104 -.21 .02
PT .01 .04 0.36 0.718 -.07 .10
WC .08 .05 1.51 0.131 -.02 18
Owning a phone (base: not owning) outcome

CAR .04 .04 0.92 0.359 -.04 12
PT -.02 .03 -0.54 0.586 -.08 .04
wC -.02 .03 -0.61 0.540 -.09 .05

Living district (base: Kaida district)

Fukushima outcome

CAR -.02 .06 -0.40 0.686 -.14 .09
PT -.12 .05 -2.33 0.020 =22 -.02
WC .14 .04 3.87 0.000 .07 21
Hiyoshi _outcome

CAR -.17 .07 -2.25 0.024 -.32 -.02
PT -.04 .07 -0.61 0.544 -.17 .09
WC 21 .05 4.04 0.000 11 31
Mitake outcome

CAR -.02 .08 -0.30 0.761 -.17 13
PT -.02 .06 -0.35 0.729 -.15 .10
WC .04 .05 0.90 0.366 -.05 .14

Household construct (base: single parent and children)

Parents and children outcome

CAR -.07 .07 -1.05 0.294 -.21 .06
PT .10 .03 3.13 0.002 .04 .16
wC -.02 .06 -0.40 0.693 -.15 .10
Parents, grandparent/s, children outcome

CAR -.09 .07 -1.26 0.206 -.24 .05
PT .10 .04 2.72 0.007 .03 18
wC -.01 .07 -0.13 0.895 -.15 .13

Single parent, grandparent/s, children outcome
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Variables dy/dx std. err. z P>|z| [95% conf. interval]

CAR -.15 .10 -1.45 0.146 -.36 .05
PT 18 .07 2.38 0.017 .03 .33
wC -.03 .09 -0.30 0.762 -.20 15

Caregivers’ job (base: full-time homemaker or unemployed)

Full-time employee outcome

CAR .16 .09 1.71 0.087 -.02 .34
PT .01 .05 0.26 0.795 -.09 A2
WC =17 .09 -2.00 0.046 -34 .00
Part-time employee outcome

CAR 13 .09 1.42 0.156 -.05 32
PT .01 .06 0.13 0.897 -.10 A2
WC -.14 .09 -1.58 0.113 =31 .03
Full-time self-employed outcome

CAR -.02 A1 -0.16 0.875 -.23 .20
PT .01 .06 0.23 0.817 -.11 .14
WC .00 11 0.02 0.983 -21 21

Note: dy/dx for factor levels is the discrete change from the base level.
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Appendix F: Complete Results of the General Choice Model

Table F 1 The estimated results (logit values) of the general choice model (insignificant estimates are
highlighted in grey)

Conditional logit choice model (Kiso) No. of observations 6324

Wald chi2 (40) 371.38 No. of cases 2108
Log-likelihood  -1683.29 Prob>chi2  0.00 Alternatives per case 3

Variables Coefficient  std. err. z P>|z| [95% conf. interval]

Alternative-specific variables

Psychological

Perceived Benefits 17 .08 2.20 0.028 .02 32
Perceived Barriers -.09 .05 -1.93 0.053 -.19 .00
Social Support of friends 12 .04 2.73 0.006 03 21
(students)

Social Support of caregivers 20 .04 4.64 0.000 11 28
(caregivers)

Social Modeling of caregivers 03 03 085 0.395 _04 10
(students)

Social Modeling of riends .09 .04 2.24 0.025 01 17
(students)

O L A G e g5 02 .05 0.45 0.654 -.08 13
(caregivers)

Case-specific variables

Public Transport (PT) estimates (base alternative: CAR)

Environmental

Neighborhood Safety -.05 A3 -0.38 0.706 -.30 .20

Psychological

Self-Efficacy “WC over CAR”

(students) -.03 .08 -0.39 0.698 -.18 12

Self-Efficacy “PT over CAR”

(students) 17 .07 2.50 0.012 04 31

Self-Efficacy “PT over CAR”

: A2 .06 1.81 0.070 -01 24
(caregivers)

Independent Mobility (IM)

IM license (base: not allowed to do) (students)

3: Allowed to cycle on main -15 18 083 0.405 -.50 20
roads

4: Allowed to use the town bus .07 23 0.30 0.764 -39 .53

IM license (base: not allowed to do) (caregivers)

1: Allowed to move to different

destinations within walking 28 .30 0.97 0.335 -.29 .87
distance
2: Allowed to go out after dark -.50 .26 -1.91 0.056 -1.01 .01
4: Allowed to use the town bus 21 .25 0.86 0.389 =27 .70
IM Farthest Distance (base: home neighborhood) (students)
School neighborhood .02 44 0.05 0.960 -.84 .89
Inside the town .05 43 0.13 0.899 -.79 .90
Out of town .59 44 1.35 0.176 -27 1.46
IM Farthest Distance (base: home neighborhood) (caregivers)
School neighborhood -.25 .36 -0.71 0.481 -.96 45
Inside the town =25 .36 -0.70 0.483 -.96 45
Out of town -11 .36 -0.31 0.757 -.81 -.59

Socio-demographic

Town (base: Toyoyama)
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Variables Coefficient  std. err. z P>|z| [95% conf. interval]

Minamiise 35 .28 1.23 0.218 -21 91
Kiso -.03 32 -0.11 0911 -.66 .59
Grade (base: third grade)
First grade -.31 22 -1.40 0.161 -.74 A2
Second grade .04 .20 0.21 0.834 -.34 42
Havmg.elder siblings (base: _38 17 991 0.027 71 04
not having)
Owning a phone (base: not -.03 20 015  0.884 41 36
owning)
Household construct (base: single parent and children)
Parents and children .68 .37 1.85 0.064 -.04 1.40
Parents, grandparent’s, 57 42 1.35 0.178 -26 1.39
children
Single parent, grandparent/s, 94 43 218 0.029 09 1.79
children
Caregivers’ age (base: over 50)
Less than 40 -24 .28 -.87 0.382 -79 .30
40-50 -.61 22 -2.75 0.006 -1.04 -.17
Caregivers’ job (base: full-time homemaker or unemployed)
Full-time employee -33 35 -0.95 0.342 -1.01 35
Part-time employee -.23 .34 -0.66 0.512 -.90 45
Full-time self-employed -.01 40 -0.30 0.979 -.79 7
Number of cars/household (base: three or more)
One -.16 .30 -0.55 0.584 =74 42
Two -.50 21 -2.44 0.015 -91 -.10
Number of children/household (base: three or more)
One -.13 .30 -0.43 0.670 -71 45
Two 14 17 0.78 0.433 -.20 48
cons -1.57 1.00 -1.57 0.117 -3.53 .39
Walking/Cycling (WC) estimates (base alternative: CAR)
Environmental
Neighborhood Safety 20 .09 2.33 0.020 .03 .38
Psychological
Self-Efficacy "WC over CAR” 13 .06 2.13 0.033 01 24
(students)
DXl iy I O CAL .08 .05 1.68 0.093 -01 17
(students)
Saffraeey T oyar CARS 05 05 114 0256 _.04 14
(caregivers)

Independent Mobility (IM)

IM license (base: not allowed to do) (students)

3: Allowed to cycle on main 05 13 036 0721 -21 30
roads

4: Allowed to use the town bus -.06 .14 -0.42 0.671 -.33 21

IM license (base: not allowed to do) (caregivers)

1: Allowed to move to different

destinations within walking .07 .19 0.39 0.697 -.30 45
distance
2: Allowed to go out after dark 24 .16 1.49 0.135 -.07 .55
4: Allowed to use the town bus =12 15 -0.84 0.402 -41 .16
IM Farthest Distance (base: home neighborhood) (students)
School neighborhood -.18 .35 -0.53 0.593 -.86 49
Inside the town -.15 .34 -0.43 0.668 -.82 .53
Out of town .05 .36 0.14 0.886 -.65 75

IM Farthest Distance (base: home neighborhood) (caregivers)
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Variables Coefficient  std. err. z P>|z| [95% conf. interval]

School neighborhood 13 29 0.46 0.647 -44 1
Inside the town .16 29 0.56 0.610 -44 74
Out of town 15 .30 0.51 0.610 -44 .74

Socio-demographic

Town (base: Toyoyama)

Minamiise -.55 21 -2.56 0.010 -.97 -.13
Kiso -46 23 -2.00 0.046 -.92 -.01
Grade (base: third grade)
First grade 24 .16 1.51 0.131 -.07 .55
Second grade 34 15 2.21 0.027 .04 .64
Ll Glelan St (s -10 12 -0.83 0.404 -34 14
not having)
ATz gl (S Sies o -19 14 -1.32 0.187 -47 .09
owning)
Household construct (base: single parent and children)
Parents and children -.17 23 -0.74 0.462 -.62 28
Parents, grandparent/s, -.02 28 0.07  0.940 -.58 53
children
Shig2lo it (S -03 31 011 0.909 _65 57
children
Caregivers’ age (base: over 50)
Less than 40 -.08 22 -0.38 0.702 -.52 .35
40-50 -11 18 -0.62 0.535 -47 24
Caregivers’ job (base: full-time homemaker or unemployed)
Full-time employee -.58 23 -2.48 0.013 -1.04 -12
Part-time employee -.46 23 -2.02 0.044 -91 -.01
Full-time self-employed -37 .26 -1.39 0.165 -.89 15
Number of cars/household (base: three or more)
One -.24 22 -1.10 0.273 -.66 .19
Two -11 .16 -0.69 0.489 -44 21
Number of children/household (base: three or more)
One -.35 22 -1.60 0.110 -79 .08
Two 16 12 1.26 0.207 -.09 40
cons -.95 .70 -1.35 0.176 -2.34 43

Only the variables with a significant relationship trend (p<0.10) in the preliminary steps were used in making
this final model.
For those variables reported by both students and their caregivers, the respondent is mentioned in parenthesis.
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Table F 2 The estimated results (exponentiated coefficients) of the general choice model (insignificant estimates
are highlighted in grey)

Conditional logit choice model (Kiso) No. of observations 6324

Wald chi2 (40) 371.38 No. of cases 2108
Log-likelihood ~ -1683.29 Prob>chi2  0.00 Alternatives per case 3

Variables Odds ratio std. err. z P>|z| [95% conf. interval]

Alternative-specific variables

Psychological

Perceived Benefits 1.19 .09 2.20 0.028 1.02 1.38

Perceived Barriers 91 .04 -1.93 0.053 .83 1.00

Social Support of friends 1.13 .05 2.73 0.006 1.03 1.23

(students)

Social Support of caregivers 1.22 .05 4.64 0.000 1,12 1.33

(caregivers)

Social Modeling of caregivers 1.03 37 085 0395 96 1.10

(students)

Social Modeling of friends 1.10 .04 2.24 0.025 1.01 1.19

(students)

O L A G e g5 1.02 .05 0.45 0.654 92 1.14

(caregivers)

Variables Relative g4 o z P>zl  [95% conf. interval]
risk ratio

Case-specific variables

Public Transport (PT) estimates (base alternative: CAR)

Environmental

Neighborhood Safety 95 12 -0.38 0.706 74 1.22

Psychological

Self-Efficacy “WC over CAR”

(students) 97 .07 -0.39 0.698 .83 1.13

Self-Efficacy “PT over CAR”

(students) 1.18 .08 2.50 0.012 1.04 1.36

Self-Efficacy “PT over CAR”

; 1.12 .07 1.81 0.070 .99 1.28
(caregivers)

Independent Mobility (IM)

IM license (base: not allowed to do) (students)

S Al 1D G o 86 15 -0.83 0.405 .60 1.22
roads

4: Allowed to use the town bus 1.07 25 0.30 0.764 .68 1.70

IM license (base: not allowed to do) (caregivers)

1: Allowed to move to different

destinations within walking 1.33 .39 0.97 0.335 .74 2.38
distance
2: Allowed to go out after dark .60 .16 -1.91 0.056 .36 1.01
4: Allowed to use the town bus 1.24 31 0.86 0.389 .76 2.02
IM Farthest Distance (base: home neighborhood) (students)
School neighborhood 1.02 45 0.05 0.960 43 243
Inside the town 1.06 45 0.13 0.899 45 2.46
Out of town 1.81 .80 1.35 0.176 .76 4.30
IM Farthest Distance (base: home neighborhood) (caregivers)
School neighborhood 77 .28 -0.71 0.481 38 1.57
Inside the town 78 .28 -0.70 0.483 38 1.57
Out of town .89 32 -0.31 0.757 44 1.81

Socio-demographic

Town (base: Toyoyama)
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Relative

Variables . . Std. err. z P>|z| [95% conf. interval]
risk ratio
Minamiise 1.42 41 1.23 0.218 .81 2.49
Kiso .96 31 -0.11 0911 51 1.81
Grade (base: third grade)
First grade 73 .16 -1.40 0.161 A48 1.13
Second grade 1.04 .20 0.21 0.834 1 1.53
Having .elder siblings (base: 68 12 591 0.027 49 96
not having)
izctarkend bty 97 19 -0.15 0.884 66 1.43
owning)
Household construct (base: single parent and children)
Parents and children 1.97 73 1.85 0.064 .96 4.06
Parents, grandparent/s, 1.76 74 135 0178 77 4.03
children
Single parent, grandparent/s, 2.57 1.11 2.18 0.029 1.10 6.00
children
Caregivers’ age (base: over 50)
Less than 40 78 22 -0.87 0.382 45 1.35
40-50 .54 12 -2.75 0.006 35 .84
Caregivers’ job (base: full-time homemaker or unemployed)
Full-time employee 72 25 -0.95 0.342 .36 1.42
Part-time employee .80 27 -0.66 0.512 40 1.57
Full-time self-employed .99 39 -0.30 0.979 45 2.16
Number of cars/household (base: three or more)
One .85 25 -0.55 0.584 47 1.52
Two .60 12 -2.44 0.015 .40 .90
Number of children/household (base: three or more)
One .88 .26 -0.43 0.670 49 1.57
Two 1.15 .20 78 0.433 .81 1.62
cons 21 21 -1.57 0.117 .03 1.48
Walking/Cycling (WC) estimates (base alternative: CAR)
Environmental
Neighborhood Safety 1.23 A1 2.33 0.020 1.03 1.46
Psychological
Sel-Efficacy "WC over CAR” 1.13 07 2.13 0.033 1.01 1.27
(students)
el idifegy 1Pl o CAL 1.08 .05 1.68 0.093 99 1.19
(students)
Sejf ey T gyer CAK 1.05 05 .14 0256 96 1.16
(caregivers)

Independent Mobility (IM)

IM license (base: not allowed to do) (students)

S Al 1D G o 1.05 13 0.36 0.721 81 1.35
roads

4: Allowed to use the town bus .94 .13 -0.42 0.671 72 1.24

IM license (base: not allowed to do) (caregivers)

1: Allowed to move to different

destinations within walking 1.08 21 0.39 0.697 .74 1.57
distance
2: Allowed to go out after dark 1.27 .20 1.49 0.135 .93 1.73
4: Allowed to use the town bus .88 13 -0.84 0.402 .66 1.18
IM Farthest Distance (base: home neighborhood) (students)
School neighborhood .83 29 -0.53 0.593 42 1.64
Inside the town .86 .30 -0.43 0.668 44 1.69
Out of town 1.05 .38 0.14 0.886 .52 2.12

IM Farthest Distance (base: home neighborhood) (caregivers)
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Relative

Variables . . Std. err. z P>z [95% conf. interval]
risk ratio
School neighborhood 1.14 .33 0.46 0.647 .64 2.03
Inside the town 1.18 35 0.56 0.574 .66 2.10
Out of town 1.17 .35 0.51 0.610 .64 2.10

Socio-demographic

Town (base: Toyoyama)

Minamiise .58 12 -2.56 0.010 .38 .88
Kiso .63 .14 -2.00 0.046 40 .99
Grade (base: third grade)
First grade 1.27 .20 1.51 0.131 .93 1.74
Second grade 1.40 22 2.21 0.027 1.04 1.90
Ll Glelan St (s 90 11 -0.83 0.404 71 1.15
not having)
ATz gl (S Sies o 83 12 -1.32 0.187 62 1.10
owning)
Household construct (base: single parent and children)
Parents and children .84 .19 -0.74 0.462 .53 1.33
LHEETR, (SR, 98 28 -0.07 0.940 56 1.70
children
S rrisitl, iy 96 30 011 0.909 52 1.78
children
Caregivers’ age (base: over 50)
Less than 40 92 .20 -0.38 0.702 .59 1.42
40-50 .89 .16 -0.62 0.535 .62 1.28
Caregivers’ job (base: full-time homemaker or unemployed)
Full-time employee .56 13 -2.48 0.013 .35 .88
Part-time employee .63 .14 -2.02 0.044 40 .99
Full-time self-employed .69 18 -1.39 0.165 41 1.16
Number of cars/household (base: three or more)
One .79 17 -1.10 0.273 .52 1.20
Two .89 15 -0.69 0.489 .64 1.23
Number of children/household (base: three or more)
One .70 15 -1.60 0.110 45 1.08
Two 1.17 15 1.26 0.207 .92 1.50
cons 38 27 -1.35 0.176 .10 1.53

Only the variables with a significant relationship trend (p<0.10) in the preliminary steps were used in making
this final model.
For those variables reported by both students and their caregivers, the respondent is mentioned in parenthesis.
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Table F 3 The estimated Average Marginal Effects (AME) for the general choice model (insignificant estimates
are highlighted in grey)

Variables dy/dx std. err. z P>|z| [95% conf. interval]
Alternative-specific variables

Psychological

Perceived Benefits _outcomettalt

CAR#CAR .03 .02 2.21 0.027 .00 .06
CAR#PT -.01 .00 -2.19 0.029 -.02 -.00
CAR#WC -.02 .02 -2.21 0.027 -.05 -.00
PT#CAR -.01 .00 -2.19 0.029 -.02 -.00
PT#PT .01 .01 2.19 0.029 .00 .03
PTHWC -.00 .00 -2.18 0.030 .01 -.00
WCH#CAR -.02 .01 -2.21 0.027 -.05 -.00
WCHPT -.00 .00 -2.18 0.030 -.01 -.00
WCHWC .03 .01 2.21 0.027 .00 .06
Perceived Barriers _outcomettalt

CAR#CAR -.02 .01 -1.94 0.052 -.04 .00
CAR#PT .00 .00 1.93 0.054 -.00 .01
CAR#WC .01 .01 1.94 0.053 -.00 .03
PT#CAR .00 .00 1.93 0.054 -.00 .01
PT#PT -.01 .00 -1.93 0.054 -.02 .00
PTHWC .00 .00 1.92 0.055 -.00 .00
WCH#CAR .01 .01 1.94 0.053 -.00 .00
WCHPT .00 .00 1.92 0.055 -.00 .00
WCHWC -.02 .01 -1.94 0.053 -.03 .00
Social Support of friends (students)

CAR#CAR .02 .01 2.75 0.006 .01 .04
CAR#PT -.01 .00 -2.72 0.007 -.01 -.00
CAR#WC -.02 .01 -2.74 0.006 -.03 -.00
PT#CAR -.01 .00 -2.72 0.007 -.01 -.00
PT#PT .01 .00 2.72 0.007 .00 .01
PTHWC -.00 .00 -2.68 0.007 -.00 -.00
WCH#CAR -.02 .00 -2.74 0.006 -.03 -.00
WCHPT -.00 .00 -2.68 0.007 -.00 -.00
WCHWC .02 .01 2.74 0.006 .01 .04
Social Support of caregivers (caregivers)

CAR#CAR .04 .01 4.71 0.000 .02 .06
CAR#PT -.01 .00 -4.54 0.000 -.02 -.01
CAR#WC -.03 .01 -4.69 0.000 -.04 -.02
PT#CAR -.01 .00 -4.54 0.000 -.02 -.01
PT#PT .02 .00 4.53 0.000 .01 .02
PTHWC -.00 .00 -4.37 0.000 -.01 -.00
WCH#CAR -.03 .01 -4.69 0.000 -.04 -.02
WCHPT -.00 .00 -4.37 0.000 -.01 -.00
WCHWC .03 .01 4.68 0.000 .02 .05
Social Modeling of caregivers (students)

CAR#CAR .01 .01 0.85 0.395 -.01 .02
CAR#PT -.00 .00 -0.85 0.395 -.01 .00
CAR#WC -.00 .00 -0.85 0.395 -.01 .00
PT#CAR -.00 .00 -0.85 0.395 -.01 .00
PT#PT .00 .00 0.85 0.395 -.00 .01
PTHWC -.00 .00 -0.85 0.396 -.00 .00
WCH#CAR -.00 .00 -0.85 0.395 -.01 .00
WCHPT -.00 .00 -0.85 0.396 -.00 .00
WCHWC .00 .01 0.85 0.395 -.01 .02

Social Modeling of friends (students)
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Variables dy/dx std. err. z P>|z| [95% conf. interval]

CAR#CAR .02 .01 2.25 0.025 .00 .04
CAR#PT -.00 .00 -2.23 0.025 -.01 -.00
CAR#WC -.01 .01 -2.24 0.025 -.02 -.00
PT#CAR -.00 .00 -2.23 0.025 -.01 -.00
PT#PT .01 .00 2.23 0.025 .00 .01
PT#WC -.00 .00 -2.22 0.027 -.00 -.00
WC#CAR -.01 .01 -2.24 0.025 -.02 -.00
WCHPT -.00 .00 -2.22 0.027 -.00 -.00
WCHWC .02 .01 2.24 0.025 .00 .03
Social Modeling of caregivers (caregivers)

CAR#CAR .00 .01 0.45 0.653 -.02 .03
CAR#PT -.00 .00 -0.45 0.654 -.01 .00
CAR#WC -.00 .01 -0.45 0.653 -.02 .01
PT#CAR -.00 .00 -0.45 0.654 -.01 .00
PT#PT .00 .00 0.45 0.654 .01 .01
PT#WC -.00 .00 -0.45 0.654 .00 .00
WCHCAR -.00 .01 -0.45 0.653 -.02 .01
WCH#PT -.00 .00 -0.45 0.654 -.00 .00
WCHWC .00 .01 0.45 0.653 -.01 .02
Case-specific variables

Environmental

Neighborhood Safety _outcome

CAR -.03 .02 -1.65 0.098 -.06 .00
PT -.01 .01 -0.88 0.376 -.03 .01
WC .04 .01 2.49 0.013 .01 .07
Psychological

Self-Efficacy “WC over CAR” (students) outcome

CAR -.02 .01 -1.55 0.121 -.04 .00
PT -.01 .01 -0.90 0.367 -.02 .01
WC .02 .01 2.27 0.023 .00 .04
Self-Efficacy “PT over CAR” (students) outcome

CAR -.02 .01 -2.51 0.012 -.04 -.00
PT .01 .00 2.21 0.027 .00 .02
WC .01 .01 1.16 0.245 -.01 .02
Self-Efficacy “PT over CAR” (caregivers) outcome

CAR -.01 .01 -1.71 0.087 -.03 .00
PT .01 .00 1.62 0.105 -.00 .02
wC .01 ,01 0.78 0.435 -.01 .02

Independent Mobility (IM)

IM license (base: not allowed to do) (students)

3: Allowed to cycle on main roads outcome

CAR .00 .02 0.11 0.916 -.04 .05
PT -.01 .01 -0.92 0.356 -.04 .01
WC .01 .02 0.55 0.582 -.03 .05
4: Allowed to use the town bus outcome

CAR .00 .03 0.17 0.867 -.05 .06
PT .01 .02 0.39 0.694 -.03 .05
WC -.01 .02 -0.51 0.612 -.06 .03

IM license (base: not allowed to do) (caregivers)

1: Allowed to move to different destinations within walking distance outcome

CAR -.03 .03 -0.78 0.433 -.10 .04
PT .02 .02 0.97 0.332 -.02 .10
WC .01 .03 0.18 0.854 -.06 .10
2: Allowed to go out after dark outcome

CAR -.01 .03 -0.37 0.715 -.07 .05
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Variables dy/dx std. err. Y/ P>z [95% conf. interval]
PT -.04 .02 -2.65 0.008 -.08 -.01
WC .05 .03 1.91 0.056 -.00 A1
4. Allowed to use the town bus outcome
CAR .01 .03 0.22 0.829 -.05 .06
PT .02 .02 1.10 0.273 -.02 .06
WC -.03 .02 -1.06 0.290 -.08 .02
IM Farthest Distance (base: home neighborhood) (students)
School neighborhood outcome
CAR .03 .06 0.44 0.660 -.09 15
PT .00 .03 0.18 0.860 -.06 .07
WC -.03 .06 -0.54 0.591 -.15 .09
Inside the town outcome
CAR .02 .06 0.32 0.746 -.10 .14
PT .01 .03 0.24 0.814 -.05 .07
WC .03 .06 -0.45 0.656 -.15 .09
Out of town _outcome
CAR -.04 .06 -0.68 0.497 =17 .08
PT .05 .03 1.55 0.122 -.01 12
WC -.01 .06 -0.11 0.914 -.13 12
IM Farthest Distance (base: home neighborhood) (caregivers)
School neighborhood outcome
CAR -.00 .05 -0.05 0.962 -.10 .10
PT .03 .03 -0.78 0.437 -.10 .04
WC .03 .05 0.62 0.537 -.10 12
Inside the town outcome
CAR -.01 .05 -0.14 0.888 -.11 .10
PT -.03 .03 -0.79 0.427 -.10 .04
WC .03 .05 0.73 0.468 -.06 13
Out of town _outcome
CAR -.01 .05 -0.27 0.788 =12 .09
PT -.01 .03 -0.43 0.670 -.08 .05
WC .03 .05 0.59 0.553 -.07 13
Socio-demographic
Town (base: Toyoyama)
Minamiise _outcome
CAR .06 .04 1.48 0.138 -.02 .14
PT .05 .02 1.93 0.053 -.00 .10
WC -11 .04 -2.87 0.004 -.19 -.03
Kiso outcome
CAR .08 .04 1.69 0.091 -.01 .16
PT .01 .02 0.38 0.706 -.04 .05
WwC -.08 .04 -2.00 0.045 -17 -.00
Grade (base: third grade)
First grade outcome
CAR -.02 .03 -0.57 0.568 -.07 .04
PT -.03 .02 -1.78 0.075 -.07 .00
WC .05 .03 1.84 0.065 -.00 .10
Second grade outcome
CAR -.05 .03 -1.84 0.066 -.11 .00
PT -.00 .02 -0.32 0.747 -.04 .03
WwC .06 .02 2.23 0.025 .01 A1
Having elder siblings (base: not having) outcome
CAR .04 .02 1.69 0.092 -.01 .08
PT -.03 .01 -2.07 0.039 -.06 -.00
WC -.01 .02 -0.37 0.713 -.05 .03
Owning a phone (base: not owning) outcome
CAR .03 .03 1.13 0.258 -.02 .08




Variables dy/dx std. err. z P>|z| [95% conf. interval]

PT .00 .02 0.16 0.875 -.03 .03

WC -.03 .02 -1.31 0.190 -.08 .02

Household construct (base: single parent and children)

Parents and children outcome

CAR -.01 .04 -0.17 0.862 -.09 .08
PT .05 .02 2.52 0.012 .01 .09
wC -.04 .04 -1.09 0.275 -.13 .04
Parents, grandparent/s, children outcome

CAR -.02 .05 -0.43 0.666 -.13 .08
PT .04 .03 1.49 0.136 -.01 .09
wC -.02 .05 -0.32 0.750 -.12 .08
Single parent, grandparent/s, children outcome

CAR -.04 .06 -0.78 0.436 -.16 .07
PT .07 .03 2.24 0.025 .01 .14
WC -.03 .05 -0.55 0.583 -.14 .08

Caregivers’ age (base: over 50)

Less than 40 outcome

CAR .03 .04 0.73 0.467 -.05 1

PT -.02 .03 -0.79 0.427 -.08 .03

WC -.01 .04 -0.17 0.861 -.08 .07
40-50 outcome

CAR .06 .03 1.70 0.088 -.01 12

PT -.05 .02 -2.38 0.017 -.10 -.01

WC -.00 .03 -0.05 0.963 -.06 .06

Caregivers’ job (base: full-time homemaker or unemployed)

Full-time employee outcome

CAR 11 .05 2.35 0.019 .02 .20
PT -.01 .03 -0.39 0.694 -.07 .04
WwC -.10 .04 -2.22 0.026 -.18 -.01
Part-time employee outcome

CAR .08 .05 1.86 0.062 -.00 18
PT -.01 .03 -0.20 0.842 -.07 .05
WC -.08 .04 -1.84 0.065 -.16 .00
Full-time self-employed outcome

CAR .06 .05 1.09 0.276 -.05 .16
PT .01 .04 0.31 0.756 -.06 .08
WC -.07 .05 -1.41 0.158 -.16 .03

Number of cars/household (base: three or more)

One outcome

CAR .04 .04 1.11 0.268 -.03 12
PT -.01 .03 -0.32 0.750 -.07 .05
WC -.03 .03 -1.00 0.317 -.10 .03
Two outcome

CAR .05 .03 1.61 0.108 -.01 1
PT -.04 .02 -2.22 0.026 -.08 -.00
WC .01 .03 -0.21 0.833 -.07 .05

Number of children/household (base: three or more)

One outcome

CAR .06 .04 1.50 0.132 -.02 13
PT -.00 .02 -0.11 0.912 -.05 .04
WC -.05 .03 -1.61 0.106 -.12 .01
Two outcome

CAR -.03 .02 -1.37 0.171 -.08 .01
PT .01 .01 0.52 0.603 -.02 .04
WC .02 .02 1.12 0.262 -.02 .07

Note: dy/dx for factor levels is the discrete change from the base level.
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