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ABSTRACT

Active travel (e.g., walking, cycling, or other non-motorised modes to destinations) is a convenient
and regular form of promoting physical activity and health, and supports environmental
sustainability through reducing traffic congestion and emissions. Active school travel (AST) can
substantially reduce motorised vehicle use and enhance physical activity for children on a daily
basis. Despite these benefits, less than half of New Zealand (NZ) children aged 5-14 years
actively travel to school. There is growing consensus that multiple factors (i.e., policy,
physical/built and social/cultural environments, schools, households, individuals) influence
children’s AST. These factors are commonly conceptualised using a socio-ecological model. The
Behavioural Model of School Transportation (BMST) is a comprehensive conceptual model for
children’s school travel behaviour which incorporates the socio-ecological model. Drawn from the
BMST and existing literature, the current research developed a study-specific conceptual model,
entitled the Children’s School Travel Behaviour Model (C-STBM). Based on the C-STBM, this
research aims to assess how children’s AST is associated with multiple environmental attributes
through a series of a systematic literature review (Chapter 2) and empirical studies (Chapters 4
and 5). A systematic meta-analysis review, conducted on a separate, but related study, was

included as a supplementary material (Appendix A).

Chapter 2 systematically identified and examined existing evidence of subjectively measured
physical environment attributes as well as social and sociodemographic characteristics
associated with children’s AST. In Chapters 4 and 5, data were drawn from Neighbourhoods for
Active Kids (NfAK), a cross-sectional study of 1102 children aged 8-13 years (school years 5-8)
and their parents from nine intermediate (middle/junior high) and 10 primary (elementary) schools
in Auckland, NZ. An online participatory mapping (softGIS) survey with children, a computer-
assisted telephone interviewing survey with parents, and geographic information systems (GIS)
for physical environment attributes were utilised to collect and describe data. Chapter 4 examined
differences in geographical space and objective physical environment attributes which were
derived from child-drawn routes using softGIS and GIS-modelled shortest routes. Chapter 5
employed a structural equation modelling technique to test the C-STBM and assess direct and
indirect relationships between children’s AST and physical and social environments, and

household and child factors.



Findings from Chapter 2 showed that children’s AST was associated with multiple environmental
attributes including distance to school, walkability, safety, social interactions, and
sociodemographic characteristics which informed the theorised structural model of the C-STBM.
In Chapter 4, child-drawn routes using softGIS were significantly different from GIS-modelled
shortest routes, informing the decision to use child-drawn routes rather than estimated routes for
modelling in Chapter 5. Chapter 5 proved that the C-STBM sufficiently explained the complex
mechanism of children’s AST. Distance to school and safety were key to children’s AST.
Strategies to facilitate school zoning, advocate for local schools, and create AST-supportive
neighbourhood built and social environments are recommended to reduce distance to school and
improve safety. A community-centred, multilevel (i.e., policy, built and social environments, school,
household, child) approach is important for AST programmes and interventions to actively engage
and empower communities to drive changes to their environments. Use of online participatory
mapping was employed to collect children’s views and use of their environments. This approach
recognised and respected the importance of children’s participation as active citizens in efforts to
understand and promote AST. This research provided a theory-based, evidence-supported
conceptual model for children’s AST (i.e., C-STBM) which can be used for future AST
programmes and interventions, and contribute to informing and measuring changes in children’s

AST.
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CHAPTER1 I[INTRODUCTION

This chapter outlines the overarching research rationale, questions, and objectives; as well as the
overall structure of the thesis. The context of the current research is provided with a focus on

policy and practice in relation to children’s active school travel (AST).

1.1 Background

Physical activity is defined as any bodily movement produced by skeletal muscles and that
requires energy expenditure. The New Zealand physical activity guidelines for children and young
people, aged 5-17 years, suggest an accumulation of at least 60 minutes of moderate-to-vigorous
intensity physical activity (MVPA) each day (1). Benefits of physical activity are wide ranging and
include supporting physical, mental, and social health and wellbeing (2-5). A major focus in the
field of physical activity and health research is the role of physical activity in reducing rates of
overweight and obesity in childhood (6, 7). Childhood obesity (often defined as body mass index
(BMI) percentile = 98™) is associated with risk factors for non-communicable diseases such as
diabetes and cardiovascular diseases (e.g., dyslipidaemia, blood pressure) and has a negative
impact on mental health, quality of life, and wellbeing (6, 8, 9). Childhood obesity and overweight
can track into adulthood (10). Therefore, prevention of childhood obesity has been prioritised in

public health promotion efforts worldwide and in New Zealand (NZ) (11).

International comparisons suggest NZ exhibits one of the highest rates of childhood overweight
and obesity worldwide (12, 13). Latest health statistics showed one in eight NZ children, aged 2-
14 years, were classified as obese (14). Obesity rates were inequitably distributed, with the
highest rates reported in Pacific (29%) and Maori (18%) children (14). Children who lived in the
most deprived areas were two and half times as likely to be obese as those who lived in the least
deprived areas (14). Despite an extremely high rate of childhood overweight and obesity, and the
known benefits of physical activity, the 2018 NZ Physical Activity Report Card for Children and
Adolescents showed only 20-26% of children and adolescents aged 5-17 years were sufficiently
active for health (15). Thus, improvement in participation of children in activity behaviours can

play an important role in obesity prevention and health promotion across the lifespan.

Active travel (e.g., walking, cycling, or other non-motorised modes to destinations) is a convenient

and habitual means for children to accumulate physical activity. Growing evidence suggests that



changes in policies and environments to support mode shifts from motorised vehicles to active
travel can encourage health and physical activity behaviours (4, 16). Active travel can also
diminish traffic congestion and emissions which contribute to environmental sustainability (17). In
2016 economic and social costs of traffic congestion in Auckland, NZ (the country’s largest city)
were estimated at approximately NZ$1.9 billion (18). Since 1990, gross greenhouse emissions in
NZ have increased by 20% of which carbon dioxide emissions from motorised transportation

modes was a key contributor (19).

Given children travel to and from school approximately 200 days per year (20), school travel is
one area where substantial reduction in use of motorised vehicles and enhancement of physical
activity could be achieved. Systematic reviews have shown children and young people who
actively travel to school are more likely to meet recommended levels of physical activity than
passive travellers (e.g., those using car, public transport) (21-23). However, recent nationally
representative surveys demonstrated that less than half of NZ children aged 5-14 years actively
travelled to school (15). There is a need for research identifying factors that influence children’s
AST, and understanding interrelationships between these factors to inform policy-making process

and cost-effective intervention strategies for increasing this behaviour.

Empirical research to date shows that factors across multiple levels (i.e., policy, physical/built and
social/cultural environments, schools, households, individuals) influence children’s AST (24-27).
These dynamic interrelationships are commonly conceptualised using a socio-ecological model,
which bridges the gap between individual focused theories (e.g., social cognitive theory, theory
of planned behaviour) and informs how behavioural changes can be facilitated through

recognising the broader context in which individuals act (28).

National and regional policies on transport and land use are inextricably linked with the built
environment and subsequently influence children’s AST (29). In NZ, urban planning policies are
prone to concentrate on efficient economic production in which the efficient movement of people
and goods by motorised vehicles is prioritised over other modes (30). There is a need for policies
and plans that strive for environmentally sustainable transport and mobility by improving walking
and cycling infrastructure and public transit, as well as providing widespread traffic calming for
pedestrian and cyclist safety (4, 31). School policies and practices such as school enrolment
zones, school bus services, road safety education, and AST programmes may encourage or

discourage children’s AST (32).



The physical environment refers to a combination of natural (e.g., weather, topography) and built
environments (33, 34). The built environment is defined as the human-made surroundings within
which people live and includes buildings, streets, and transport systems (34, 35). Urban design
has a goal of creating urban areas that meet the everyday functional needs of citizens. It is
concerned with the location, pattern, attractiveness, and sustainability of buildings, streets, and
public spaces. In relation to active travel, urban design has been subjectively and objectively
measured using indices of accessibility (i.e., the ability to travel to places in which opportunities
are located) and walkability (i.e., the ability to access places on foot and thus the potential of a
space to be “walkable”) (36). The measurement can vary depending on disciplines (e.g., public
health, traffic engineering) and the purpose of active travel (e.g., transportation, recreation) (25,
36-38). In the field of public health, walkability for school travel behaviour has predominantly been
measured using residential density, street connectivity, and land use mix (25, 27). In this context,
a more walkable neighbourhood indicates the area with higher population density, more
connected streets, and higher mixture of land use. More recently, a child-specific walkability index
has been developed using pedestrian network to measure street connectivity (i.e. Pedshed) and

road hierarchy as a proxy for traffic volume to measure traffic exposure (39).

It is promising that urban design for environmentally sustainable and child-friendly cities can
provide improvements in children’s AST and other activity behaviours for larger population groups
(16, 30). Furthermore, several systematic reviews on policy interventions and environmental
changes for AST indicated that these interventions and changes were likely to produce promising

improvements in AST (28, 40, 41).

Coupled with legalistic (i.e., policy) and mechanistic (i.e., physical environment) approaches, a
fundamental adaptation in social and cultural norms, as well as individual values and beliefs, is
required to achieve long-term behavioural changes. Although evidence is limited, extant research
suggests that social interactions in the neighbourhood are positively associated with sense of
community and safety perceptions, which may encourage children’s AST (42-44). A car-
dependent society and modern industrial culture may cultivate individualism and diminish a sense
of belonging which can impede community connections and decrease neighbourhood
surveillance (30, 45). A “social trap” can also occur when parents drive their children to/from
school because of traffic and stranger danger in which the parents themselves can contribute to

these hazards (30). Conversely, “safety in numbers” where children actively travel to/from school



in larger groups can alleviate parental safety concerns (30, 45). Walking school buses are one
example of successful AST programmes, with research demonstrating children enjoyed
socialising with friends and felt safer during their travel to school (46). However, challenges exist
in such programmes, which require sufficient coordination, parent volunteers, and school and
community involvement (47, 48). Given shortfalls in research on the social environment, there is

a need to comprehensively identify social factors associated with children’s AST.

Parents play a vital role in decision-making on children’s school travel behaviour. Parental
decision-making is likely to be influenced by a combination of factors such as household activity-
patterns, travel schedules, and socio-demographic characteristics, as well as fears of traffic and
safety and confidence about children’s physical and cognitive abilities (32, 49). The degree of
children’s self-efficacy (i.e., one’s belief in one's ability to exercise control over one’s own
functioning and over environmental events (50)) can influence their school travel behaviour and
independent mobility (i.e., children’s freedom to move around their neighbourhood and travel to
school without adult supervision) (32, 51). Children’s experiences as school travellers allow them
to perceive and understand their environments between home and school sensibly and uniquely
(52, 53), and in turn their perceptions of AST differ from parents (54). Hence, understanding

children’s own viewpoints on what facilitates and hinders their AST is critical (46).

In summary, AST is an important activity to promote for improving children’s physical activity, and
ultimately their health; yet, AST levels in NZ children are low. A growing body of evidence shows
multifaceted factors are associated with children’s AST. These pieces of evidence, from different
constructs (e.g., policy, physical, social and school environments, the household, the child), can
be linked with each other to determine what is truly associated with children’s AST, how this
behaviour can be promoted, and how barriers to this behaviour might be reduced. Furthermore,
the development of a child-centred approach is required to capture and include children’s

perspectives on school travel behaviour.

Therefore, it is crucial to explicitly and specifically identify factors that influence children’s AST
(e.g., policy, physical, social and school environments, the household, the child), and determine
interrelationships between these factors in the NZ context. Furthermore, regular examination and
development of existing conceptual models of children’s school travel behaviour is required to
comprehend the complex mechanism of children’s AST and evaluate existing interventions and

advance more effective and sustainable interventions.



1.2 Research question and objectives

The overarching research question of this thesis is:
“How is children’s active school travel associated with multiple environmental attributes?”

This research aims to assess how children’s AST is associated with multiple environmental

attributes and develop a conceptual model of children’s school travel behaviour.
To achieve these aims, the research objectives are to:

1. Systematically identify associations between school travel mode in children aged 5-13
years and perceived physical environment attributes and social and sociodemographic
characteristics from the extant international studies (Chapter 2)

2. Establish a children’s school travel routes measure by comparing spatial overlaps and
built environment attributes derived from child-drawn routes using online participatory
mapping (i.e., softGIS) with those derived from GIS-modelled shortest routes (Chapter 4)

3. Develop and test a conceptual model, Children’s School Travel Behaviour Model (C-
STBM) (Chapter 5)

4. Assess direct and indirect relationships between children’s AST and the physical
environment, the social environment, and household and child factors using structural

equation modelling (SEM) (Chapter 5)

Objectives were achieved through a systematic review and the analysis of data on children’s
school travel behaviour gathered via the Neighbourhoods for Active Kids (NfAK) study using a

child-centred online participatory mapping (softGIS) survey.

The next section outlines the structure and links between each chapter in the thesis.

1.3 Thesis structure

This thesis comprises a combination of discrete published journal articles (Chapters 2, 4, 5) and
comprehensive chapters (Chapters 3, 6), as illustrated in Figure 1 (p. 8). A series of published
journal articles are presented as stand-alone chapters in which inevitable repetition of some

information occurs across the chapters (e.g., methods).

Chapter 2 reviewed existing literature and identified current research gaps focusing on children’s

AST and its associations with perceived physical environment attributes and social and



sociodemographic characteristics. Chapter 2 critically appraised and synthesised existing
evidence from international studies which were heterogeneous in terms of the geographic context.
Areas of common ground regarding children’s AST and its associations with perceived physical
environment attributes and social environment (social and sociodemographic) characteristics
were identified. Findings from Chapter 2 informed the development of a conceptual model and

the formulation of direct and indirect relationships between variables in Chapter 5.

Despite a growing body of research on children’s AST, methodological limitations are still evident
regarding how to measure children’s school travel routes and their potential exposure to the
environment (see 1.3.1 The role of Appendix A and its contribution to the thesis). There was also
a dearth of studies taking a holistic approach to understand the complexity of associations
between children’s AST and the environmental attributes. To address these research gaps and
answer the proposed research question, two distinct but allied studies were designed and

conducted (Chapters 4 and 5).

Chapter 4 adopted two measurement approaches to inform methodological decision-making
around measurement of children’s school travel routes: (i) comparison of spatial overlaps
between buffers around child-drawn routes to school using online participatory mapping against
GIS-modelled shortest routes, and (ii) assessment of differences in physical environment
attributes derived from child-drawn routes using online participatory mapping with those derived

from GIS-modelled shortest routes.

To understand the multifaceted and interactive influence of environmental attributes on children’s
active school travel that were identified in the systematic review and extant literature (including
Appendix A), Chapter 5 developed and evaluated a conceptual model (i.e., C-STBM, Figure 14,
p. 67) specifically focusing on direct and indirect relationships between children’s school travel
mode and the built and social environments, and the characteristics and beliefs of the household

and the child.

Chapter 3 summarises all components of the methods employed in the current research with
reference to research philosophy, theory, and methodology. Chapter 6 provides a recap of key
findings in each study, and discusses research strengths, limitat