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Keywords: Background: Scholarship on active transport to school has largely focused on children, (large)
Active transport urban areas, the umbrella term of “active transport” which considered walking and cycling
Low carbon transport together and without taking into account walking and/or cycling distance. This research exam-
Distance : 5 . : . .
Geograph ined adolescents’ patterns of transport to school in diverse settlement types and in relation to
Schfolp v home-to-school distance in the Otago region of Aotearoa New Zealand.

Adolescents Methods: Patterns of transport to school by home-to-school distance, and across school locations,

are described for a sample of 2,403 adolescents (age: 15.1 =+ 1.4 years; 55% females) attending 23
out of 27 schools in large urban areas (n = 1,309; 11 schools), medium urban areas (n = 265;
three schools), small urban areas (n = 652; four schools) and rural settings (n = 177; five schools).
Empirical data were collected through an online survey, in which adolescents reported
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sociodemographic characteristics, travel to school, and perceptions of walking and cycling.
Home-to-school distance was measured on the shortest route determined using Geographic In-
formation Systems (GIS)-based network analysis.

Results: Transport to school patterns differed significantly by home-to-school distance and across
settlement types. Profiles of different transport user groups showed significant variability in
sociodemographic characteristics, family factors, average distance to school, self-reported phys-
ical activity, and perceived health.

Conclusions: Initiatives to promote active transport and reduce reliance on car transport to school,
whether to improve health and the environment or to reduce greenhouse gas emissions, need to
pay closer attention to the settlement types, distance to school, and characteristics of different
transport user modes.

1. Introduction

Active transport to school (ATS) - either alone or in combination with motorised transport — contributes to daily physical activity
accumulation among adolescents (Khan et al., 2021; Kek et al., 2019; Larouche et al., 2014), with potential benefits for human health
and reductions in greenhouse gas emissions and particulate matter (Gerike et al., 2019; Quam et al., 2017). ATS habits persist over time
and relate to higher physical activity levels in emerging adulthood (Yang et al., 2014; Simons et al., 2017). However, the prevalence of
ATS in adolescents has been declining worldwide (McDonald, 2007; Ministry of Transport, 2015) while rates of motorised transport to

school have been increasing.

Sociodemographic factors (Pabayo et al., 2011), distance to school (Babey et al., 2009; Larsen et al., 2009; McDonald, 2008), and
characteristics of the built environment (Larsen et al., 2009; Timperio et al., 2006; Panter et al., 2010; Kerr et al., 2006) are associated
with ATS. Distance to school is the strongest correlate of walking and cycling to school among adolescents (Babey et al., 2009; Ikeda
et al., 2018). Although distance to school has been controlled for in multivariate analyses in most previous ATS studies, few have
presented results for, or limited the sample to, those who lived within walking and/or cycling distance to school (Mandic et al., 2017;

Table 1
Examples of active transport to school literature and definitions of urban and rural.
Citation Location Categories Defining characteristic(s) Interpretation
Babey et al. California, USA 1. Urban 1. Greater than 4,150 persons per square mile [ppsm] Population densities
(2009) 2. Suburban Moderate density areas adjacent to population centres (above
1,000 ppsm but not an urban area)
3. Rural Fewer than 1,000 ppsm including “isolated small towns or
other less-developed areas surrounded by farmland or open
spaces” (s208).
Martin et al. USA 1. Urban Categories quantified using quintiles of population density, Population densities
(2007) 2. Metro- along with the density of the areas surrounding the houses.
suburban
3. Second city
4. Town
5. Rural
Carver et al. Victoria, 1. Metropolitan Metropolitan Melbourne Proximity to metropolitan areas and
(2014b) Australia 2. Rural cities Rural cities as defined by the Australian government and population size
areas within a 10 km radius of the centre of these cities
3. Rural areas Areas completely within a 10 km radius of the centre of other
Victorian cities with a population over 20,000 people.
4. Rural Outside a 25 km radius of rural cities and outside
metropolitan Melbourne
Rahmanetal.  Otago region, 1. Major urban Population >100,000 residents (study data not available for Population size
(2020) New Zealand centres this category)
2. Large urban Population >30,000-99,999 residents
areas
3. Medium urban Population 10,000-29,999 residents
areas
4. Small urban Population >1,000-9,999 residents
areas
5. Rural settings <1,000 residents
Vitale et al. Halifax, Nova 1. Inner city Pre-1960 areas of Halifax and Dartmouth, within 5 km radius Proximity to city areas, distances,
(2019) Scotia, Canada of downtown. service provisions and total
2. Suburbs Built-up areas serviced by central water and sewage systems.  population
3. Inner Other areas within 25 km of downtown Halifax.
commuter belt
4. Outer 25-50 km from downtown Halifax or another town with

commuter belt

5.

Remote rural

population over 10,000.
Beyond 50 km from Halifax or another large town.
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Pocock et al., 2019; Mandic et al., 2020). Recent findings show that attitudes to walking and cycling to school among urban adolescents
(Mandic et al., 2022) and their parents (Mandic et al., 2020) differed by how far they lived from school. These findings highlight the
importance of addressing mode-specific and distance-specific barriers to active transport in adolescents.

Since ATS behaviour — as with all travel behaviours - is context-specific, differences between geographical settings are expected. For
example, in New Zealand, the large and medium urban areas of the Otago region where the research reported in this article has been
conducted have limited provision of public bus transport and no rail transport and New Zealand’s Ministry of Education funds free
school buses for adolescents living more than 4.8 km from their school in areas where there is no suitable public transport (Ministry of
Education, 2018). Those context specific factors likely have effects on travel to school patterns. Yet most previous studies examining
ATS in adolescents have been conducted in urban areas (Babey et al., 2009; Larsen et al., 2009; Timperio et al., 2006; Panter et al.,
2010; Kerr et al., 2006; Ikeda et al., 2018; Bringolf-Isler et al., 2008; Huertas-Delgado et al., 2017). Only a few studies have examined
adolescents’ transport to school patterns in rural areas (McDonald, 2007; Pabayo et al., 2011; Babey et al., 2009; Mandic et al., 2015;
Booth et al., 2007; Dalton et al., 2011), and even fewer have compared adolescents’ transport to school patterns between different
settlement types (Babey et al., 2009; Martin et al., 2007; Vitale et al., 2019; Grize et al., 2010). Most (McDonald, 2007; Pabayo et al.,
2011; Babey et al., 2009) but not all (Mandic et al., 2015; Booth et al., 2007) reported a higher prevalence of ATS among adolescents in
urban versus rural areas. A recent study using accelerometer-measured physical activity reported that adolescents from large and
medium urban areas accumulated more moderate-to-vigorous physical activity during the school commute time compared with rural
adolescents (White et al., 2021).

In those ATS studies that have examined both ‘urban’ and ‘rural’ contexts, a range of different approaches have been used to
characterise so-called ‘urban’ and ‘rural’ places. This includes use of government definitions (e.g., (Garnham-Lee et al. (2017)); the
design of new definitions of urban/rural distinctions; the description of an urban-rural continuum (Vitale et al., 2019); or paying
limited, or no, attention to defining spatial characteristics (e.g., Carver et al. (2014a)). Across these approaches, ‘rural’ is often defined
in terms of what the area lacks (e.g., active transport infrastructure, a densely built environment, public transport provision). This is
interpreted in relation to the ‘urban’ context, where these infrastructures and services are often more prevalent. Other distinctions
include rural schools having larger catchment areas (e.g.,Vitale et al. (2019)), and different employment dynamics (i.e., different types
of work, hours of employment and distances travelled) which may contribute to enhanced or reduced trip chaining characteristics
(Porskamp et al., 2019; Bosworth et al., 2020; Camarero et al., 2016), and norms of independent mobility. In New Zealand, for
instance, rural communities can view young people’s access to private motor vehicles as particularly important given the distances to
be travelled and a lack of public transport: they were at the centre of opposition to increasing the age at which adolescents could learn
to drive in 2011 from 15 to 16 years (Guardian, 2011). These characteristics are at least part of the explanation why children and
adolescents might not travel to school using active modes (e.g. (Babey et al., 2009)). Table 1 presents a sample of ATS research, which
indicates the different ways that ‘urban’ and ‘rural’ are categorised.

Although the body of knowledge related to active and motorised transport to school in adolescents is extensive, limited information
is available for adolescents who combine active and motorised transport for their school travel (i.e., mixed transport users). Most
previous ATS studies in adolescents collected and analysed transport to school data for main/dominant modes without taking into
account mixed transport users (i.e., compared ATS with non-ATS users) (Babey et al., 2009), excluded mixed transport users from the
analysis, or did not specify how mixed transport users were considered (Ikeda et al., 2018). Few studies present mixed transport to
school data (Mandic et al., 2017) and even fewer studies report data for mixed transport users separately (Kek et al., 2019). For
instance, adolescents using both ATS and combined active and motorised transport to school accumulate greater amounts of daily
physical activity as well as physical activity during the school travel time compared with those using only motorised transport to school
(Kek et al., 2019). Understanding sociodemographic characteristics, motivations and barriers of adolescents using mixed transport to
school is important if walking and/or cycling to school are to be promoted as one of the approaches to address currently low levels of
physical activity among adolescents and increase use of low-carbon transport modes. In that case, ATS (primarily walking and cycling)
should be encouraged among all adolescents, including those living beyond walking and cycling distance to school; this could be
achieved through initiatives and interventions aimed at promoting and supporting mixed transport (Mandic et al., 2022).

Previous research on ATS has largely focused on children, (large) urban areas, the umbrella term of “active transport” which
considered walking and cycling together and without taking into account walking and/or cycling distance. To address some knowledge
gaps in the existing literature, this research examined adolescents’ patterns of transport to school in diverse settlement types and in
relation to home-to-school distance in the Otago region of Aotearoa New Zealand (hereafter New Zealand). Four categorisations for the
spatial context (large, medium and small urban areas and rural settlements) allowed for a more detailed analysis across settlement
types than two (urban/rural) or three (urban, peri-urban, rural) categories. The novelty of this research includes: a) focus on ado-
lescents (adolescent-specific research is limited and this is a specific population group with different challenges and needs to children;
this age group also has high rates of insufficient physical activity); b) examining results specific to a range of settlement types including
large, medium and small urban areas and rural settlements; ¢) reporting analysis for individual school transport modes, including
walking and cycling separately as well as considering mixed modes, which is not often done in the ATS literature; and d) presenting
data by distance to school categories using home-to-school distance thresholds for adolescents’ walking and cycling to school.

2. Material and methods
The Otago region of New Zealand is predominantly rural, with only one large urban area (Dunedin (without Mosgiel), ca. 95,000

inhabitants) and several medium and small urban areas (e.g., Oamaru ca. 13,000 inhabitants; Milton ca. 2,000 inhabitants). Otago is
representative of many rural areas in New Zealand with its small and isolated rural communities. Many of these rural communities are
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from 45 min to an hour and half away from basic services like secondary education, healthcare clinics and supermarkets. Highways do
not exist. Arterial roads and major side roads are sealed, but some are still gravelled. Many roads outside the large settlements are
narrow and winding.

This study analysed data from adolescents attending 23 out of 27 high schools (85% school recruitment rate) in the Otago region
that participated in the Built Environment and Active Transport to School (BEATS) Study (2014-2015; 1,780 adolescents) (Mandic
et al., 2016) and BEATS Rural Study (2018; 1,014 adolescents) (White et al., 2021). After excluding adolescents who did not have
signed consent (n = 25) or required parental consent (BEATS Study only; n = 59), missing or invalid surveys (implausible responses, e.
g., travelling by plane, n = 74), students boarding at school or privately (n = 196), those with invalid home address (n = 22) and
invalid transport to school survey data (implausible responses, e.g., using all travel modes all/most of the time, n = 15), data from
2,403 adolescents were included in this analysis. Adolescents attended schools located in a large urban area (n = 1,309; 11 schools),
medium urban areas (n = 265; three schools), small urban areas (n = 652; four schools) and rural settings (n = 177; five schools).
Details on recruitment of schools and adolescents for both studies have been published elsewhere (White et al., 2021; Mandic et al.,
2016). Briefly, adolescents were recruited through their schools. Interested adolescents provided written informed consent prior to
participation. Parental opt-in or opt-out consent was used in the BEATS Study, based on each school’s preference, while no parental
consent was required in the BEATS Rural Study. The study protocols for both studies were approved by the University of Otago Human
Ethics Committee (BEATS Study: 13/203; BEATS Rural Study: 17/178).

2.1. Procedures

Participants completed an online survey at their school during one school period while being supervised by research staff. Survey
items related to sociodemographic characteristics, travel to school, and self-reported physical activity and self-perceived health were
analysed in this study.

Demographic information included home address, date of birth, gender, ethnicity, and number of vehicles and bicycles in the
household. Adolescents’ age was calculated at the time of survey completion. The New Zealand Index of Deprivation (1 = least
deprived to 10 = most deprived) was reported spatially via census meshblock areas (Salmond et al., 2006). Therefore, in order to
determine the deprivation index for the adolescents’ home neighbourhoods, geocoded home addresses (i.e. addresses converted to
coordinates) were matched with the enclosing meshblock (Salmond et al., 2006). New Zealand Index of Deprivation data were sub-
sequently recoded into quintiles for data analysis (quintile 1 = least deprived to quintile 5 = most deprived).

The geocoded home address was also used to calculate home-to-school distance using Geographic Information Systems (GIS)-based
network analysis, specifically the shortest route from origin (home) to destination (school) extracted from a connected road network
(not including standalone paths and tracks), as described previously (Mandic et al., 2016).

Based on previous research, a threshold distance of <2.25 km (Pocock et al., 2019) and <4.0 km (Nelson et al., 2008) were used for
defining reasonable walking and cycling distances, respectively: these were categorised as ‘walking distance’ (<2.25 km), ‘beyond
walking but within cycling distance’ (>2.25-4.0 km) and ‘beyond cycling distance’ (>4.0 km). Schools were initially categorised into
one of the six urban and rural categories (see Table 1, (Rahman et al., 2020)) defined by Statistics New Zealand based on school
addresses (Stats NZ, 2021). This categorisation was applied to the urban-rural zoning used to report 2013 census data and was
published in the metadata for that dataset available on the StatsNZ data portal (Stats NZ, 2021). In the GIS, the geocoded point ad-
dresses were overlaid by the classified zones; local zone information was transferred to the points. In the BEATS research datasets, no
adolescent data were collected in an ‘urban centre’. Categories ‘rural settlement’ and ‘rural area’ were combined into a single category
‘rural settlement’ due to no schools being located in ‘rural areas’. Therefore, based on the settlement type in which they were located,
schools were categorised into ‘large urban area’ (e.g. cities), ‘medium urban area’ (smaller cities and towns), ‘small urban area’, and
‘rural settlement’ (e.g. small towns and villages).

Frequency of use of different mode(s) of transport to school was reported on a 5-point scale for each travel mode (‘never’, ‘rarely’,
‘sometimes’, ‘most of the time’, ‘all of the time’). Based on the mode(s) used ‘most of the time’ or ‘all of the time’, adolescents were
categorised as users of ‘motorised transport’, ‘active transport’, or ‘mixed active and motorised transport’, as described previously
(Mandic et al., 2017). In addition, dominant transport to school modes were used to categorise adolescents into one of the specific
transport user categories: ‘walkers’, ‘cyclists’, ‘other active mode(s)’, ‘car users (being driven or driving)’, ‘bus users (public and/or
school bus)’, ‘other motorised mode(s)’, ‘bus users and walkers’, ‘car users and walkers’, ‘other mixed mode(s)’ and ‘no predominant
transport mode users’ (those that used multiple transport to school modes but none of them ‘all the time’ or ‘most of the time’).

Self-reported physical activity was collected using the question “Over the past 7 days, on how many days were you physically active
for a total of at least 60 min per day?* (Currie et al., 2009). Adolescents reporting >60 min of moderate-to-vigorous physical activity
per day were classified as meeting physical activity recommendations (World Health Organization, 2010; Tremblay et al., 2016;
Ministry of Health, 2012). Adolescents rated their overall health using a single survey item (“In general, how would you say your
health is?*) with five response options (“excellent”/“very good”/“good”/“fair”/“poor”), with no differentiation between physical and
mental health (Currie et al., 2009).

2.2. Data analysis
Demographic characteristics were analysed using descriptive statistics. Comparisons across distance to school categories and across

settlement types were performed using a Chi-square test for categorical variables. Continuous variables were compared using one-way
ANOVA with Scheffé post-hoc multiple comparisons or Tamahane’s T2 when the assumption of homogeneity of variance was not met.
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Given the aim of this study (i.e., examining adolescents’ patterns of transport to school in diverse settlement types and in relation to
home-to-school distance in the Otago region of New Zealand), additional analyses (e.g., multivariate analyses) were not deemed
necessary to address the research question. Descriptive data were reported as mean + standard deviation for continuous variables and
frequencies (percentage) for categorical variables. P-value <0.05 was considered statistically significant. Data analysis was performed
using SPSS Statistical Package version 27.0.

3. Results

Among 2,403 adolescents included in this analysis (age: 15.1 + 1.4 years), 54.8% were females and 71.4% identified as New
Zealand European (Table 2). The majority lived in the two least deprived quintiles of neighbourhoods and in households with two or
more vehicles and bicycles. The mean distance to school was 7.3 &+ 9.1 km (median: 3.7 km; interquartile range: 1.6 km-9.9 km) with
35.0% of adolescents living within walking distance, 17.2% beyond walking but within cycling distance, and 47.6% beyond cycling
distance to school. Among surveyed adolescents, 54.5% attended school in a large urban area, 11.0% in medium urban areas, 27.1% in
small urban areas and 7.4% in rural settings.

Overall, 27.0% of adolescents used ATS, 59.6% used motorised transport and 13.4% used mixed transport (Table 3). Further
analysis showed that 22.9% of adolescents walked, 38.5% travelled to school by car and 18.0% by bus, while other individual transport
modes and combination of modes were less common, including cycling (3.5%) (Table 3).

Transport user groups differed with respect to sociodemographic characteristics, family factors, distance to school, physical activity

Table 2
Sociodemographic characteristics, physical activity levels and perceived health in the total sample and across profiles of adolescents travelling to
school using six common active, motorised and mixed transport modes.

Total sample ~ Walkers Cyclists Car users Bus users Bususersand  Carusersand  p-
walkers walkers value
n = 2,403 n =551 n=83 n = 925 n =433 n =90 n =123
Age (years) [mean =+ SD] 151+ 1.4 152+ 1.3 149 +£1.1 153+ 1.5 149 + 1.4 15.1 £ 1.3 148 +1.3 <.001
Gender (%)
Males 45.1% 42.3% 74.7% 43.9% 47.8% 38.9% 36.6%
Females 54.8% 57.7% 25.3% 56.1% 52.2% 61.1% 63.4% <.001
Ethnicity (%) (n = 2,396) (n = 548) (n = 82) (n =924) (n = 432) (n =90) (n=123)
New Zealand European 73.7% 69.2% 78.0% 77.1% 73.8% 74.4% 74.0%
Maori 11.5% 13.0% 12.2% 8.5% 13.4% 14.4% 13.8%
Other 5.8% 17.9% 9.8% 14.4% 12.7% 11.1% 12.2% .018
Neighbourhood deprivation (n = 2,342) (n =539) (n = 80) (n = 900) (n = 424) (n = 88) (n=119)
index (%)
1 (least deprived) 31.5% 16.9% 30.0% 37.2% 37.3% 28.4% 26.9%
2 26.7% 23.2% 33.8% 26.4% 32.1% 31.8% 22.7%
3 20.7% 27.5% 23.8% 18.3% 14.6% 22.7% 26.9%
4 14.9% 21.9% 12.5% 12.1% 12.3% 14.8% 15.1%
5 (most deprived) 6.2% 10.6% 0.0% 5.9% 3.8% 2.3% 8.4% <.001
Number of bicycles (%)
None 21.2% 26.7% 0.0% 18.7% 24.9% 16.7% 22.0%
One 20.2% 20.5% 19.3% 20.8% 19.6% 25.6% 13.8%
Two or more 58.6% 52.8% 80.7% 60.5% 55.4% 57.8% 64.2% <.001
Number of vehicles (%)
None 2.5% 4.4% 3.6% 0.9% 3.2% 2.2% 0.8%
One 22.5% 34.8% 21.7% 18.1% 18.2% 12.2% 22.0%
Two or more 75.0% 60.8% 74.7% 81.1% 78.5% 85.6% 77.2% <.001
Distance to school
Walkable distance (%) 35.1% 87.8% 63.9% 18.85 2.1% 3.3% 56.1%
Cyclable distance (%) 17.4% 10.2% 27.7% 26.2% 7.4% 10.0% 16.3%
Beyond cyclable distance 47.5% 2.0% 8.4% 55.0% 90.5% 86.7% 27.6% <.001
(%)
Average distance (km) 7.3+9.3 1.3+1.5 22+ 1.3 7.5+7.8 14.3 £12.1 12.5 + 8.0 44+7.1 <.001
[mean + SD]
Physical activity (n = 2,083) (n = 484) (n =76) (n =792) (n = 382) (n=73) (n =107)
Met physical activity 19.8% 20.9% 35.5% 17.2% 15.4% 28.8% 21.5% <.001
recommendations (%)
Perceived personal health
Excellent 17.2% 12.9% 27.7% 17.9% 17.1% 21.1% 17.9%
Very good 42.7% 42.8% 51.8% 43.2% 42.3% 40.0% 40.7%
Good 32.7% 35.8% 16.9% 33.4% 30.5% 24.4% 37.4%
Fair 6.2% 7.4% 2.4% 4.4% 8.5% 12.2% 4.1%
Poor 1.1% 1.1% 1.2% 1.0% 1.6% 2.2% 0.0% <.001
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Table 3
Transport to school patterns in the total sample and by distance to school.
Total sample Distance from school p-value
Within walking Beyond walking but within cycling Beyond cycling
distance (<2.25 km) distance (>2.25-4.0 km) distance (>4.0 km)
n = 2,403 n = 842 n =416 n = 1,145
Usual transport modes to school * (%)

On foot 22.9% 57.5% 13.5% 1.0%

By bicycle 3.5% 6.3% 5.5% 0.6%

Other active mode(s)” 0.7% 1.7% 0.5% 0.0%

By car ¢ 38.5% 20.7% 58.2% 44.5%

By bus ¢ 18.0% 1.1% 7.7% 34.2%

Other motorised mode(s) ° 3.1% 0.4% 1.2% 5.8%

By bus and on foot 3.7% 0.4% 2.2% 6.8%

By car and on foot 5.1% 8.2% 4.8% 3.0%

Other mixed modes combinations 1.9% 0.8% 1.9% 2.7%

No predominant transport modes 2.6% 3.1% 4.6% 1.5% <.001

Transport to school categorisation (%)

Active 27.0% 65.4% 19.5% 1.6%

Motorised 59.6% 22.2% 66.6% 84.5%

Mixed 13.4% 12.4% 13.9% 14.0% <.001

@ Usual transport modes to school were used by adolescents “most of the time” or “all of the time".
b Other active mode(s) (including combinations).

¢ By car (driven by others or driving).

4 By bus (public or school bus).

¢ Other motorised mode(s) (including combinations).

and perceived health (Table 2). Transport mode gender differences were most pronounced among cyclists, with a three times higher
proportion of males compared with females. The proportion of New Zealand European adolescents was lowest among walkers, whereas
the proportion of Maori adolescents was lowest among car users, compared with other transport user groups. Walkers had the highest
proportion of adolescents from the most deprived neighbourhoods and the lowest proportion of adolescents living in households with
two or more vehicles. The proportion of adolescents having two or more bicycles available in the household to cycle to school was
highest among cyclists. On average, walkers lived closest to school. Cyclists lived further from school than walkers but closer than all
other transport user groups. Cyclists had the highest proportion of adolescents self-reporting ‘excellent’ or ‘very good’ health and
meeting physical activity guidelines. Bus users had the lowest proportion of adolescents meeting physical activity recommendations.

Transport patterns to school differed significantly based on distance to school (Table 3). With increasing distance, rates of walking
to school decreased significantly while rates of travelling to school by motorised transport (primarily by car and by bus) and some
mixed modes increased. Rates of cycling to school declined steeply beyond the pre-defined cycling distance to school.

Transport patterns to school also differed significantly across settlement types (Table 4). While prevalence of walking to school
ranged from 19.0% to 24.5% across settlement types, greater variations were observed for other transport modes. Rates of cycling to
school were highest in small urban areas, where one in ten adolescents cycled to school compared with 0.7% to 2.8% of adolescents in
other settlement types. Car travel to school was most prevalent among adolescents in the large urban area, where over half of ado-
lescents used this mode compared with one quarter of adolescents in small and medium urban areas. Only 15.8% of rural adolescents
relied solely on car transport to school. In contrast, bus transport was more common in rural settings (35.6%) compared with the large
urban area (12.5%), medium urban areas (26.5%), and small urban areas (21.0%).

Transport patterns to school also differed by distance to school across settlement types (Table 4). Among adolescents who lived
within walking distance to school, the prevalence of walking to school ranged from 46.3% in small urban areas to 64.9% in rural
settlements. In contrast, rates of cycling to school ranged from 0.5% to 1.8% in large and medium urban areas, respectively, to 17.0%
in small urban areas. Car travel was most prevalent in the large urban area (26.0%) and least prevalent in small urban areas (12.7%)
whereas bus transport was rare within walking distance in all geographical settings (range: 0% to 3.6%).

Among adolescents who lived within cycling distance to school, approximately half walked to school in the large and medium
urban areas and rural settings, while few cycled to school in those settlements (Table 4). The small urban areas had the lowest rates of
walking to school and the highest rates of cycling to school compared with other settlement types. Overall, approximately half of
adolescents living within cycling distance to school either walked or cycled to school across all settlement types. Rates of car travel
within cycling distance also varied across settlement types, with four out of ten adolescents travelling by car in the large urban area,
three out of ten in medium and small urban areas, and two out of ten in rural settings. Rates of busing to school within cycling distance
ranged from 0.8% in small urban areas to 6.8% in medium urban areas.
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Table 4
Transport to school patterns by distance to school categories across settlement types.
Total sample Large urban area Medium urban area Small urban area Rural settlement p-value
n = 2,403 n = 1,309 n = 265 n = 652 n=177

Total sample
Usual transport modes to school * (%)

On foot 22.9% 24.5% 24.5% 19.0% 23.2%

By bicycle 3.5% 0.7% 1.5% 10.0% 2.8%

Other active mode(s)” 0.7% 0.4% 0.8% 1.1% 1.1%

By car ¢ 38.5% 50.6% 29.4% 23.9% 15.8%

By bus d 18.0% 12.5% 26.4% 21.0% 35.6%

Other motorised mode(s) ° 3.1% 4.1% 0.8% 2.0% 2.8%

By bus and on foot 3.7% 1.5% 3.8% 6.9% 9.0%

By car and on foot 5.1% 2.4% 7.5% 9.5% 5.1%

Other mixed modes combinations 1.9% 1.2% 1.9% 2.9% 3.4%

No predominant transport modes 2.6% 2.1% 3.4% 3.7% 1.1% <.001
Transport to school categorisation (%)

Active 27.0% 25.6% 26.8% 30.1% 27.1%

Motorised 59.6% 66.8% 57.4% 47.5% 53.1%

Mixed 13.4% 7.6% 15.8% 22.4% 19.8% <.001
Withing walking distance (<2.25 km) (n = 842) (n = 404) (n=110) (n = 259) (n = 69)
Usual transport modes to school * (%)

On foot 57.5% 64.9% 56.4% 46.3% 58.0%

By bicycle 6.3% 0.5% 1.8% 17.0% 7.2%

Other active mode(s)” 1.7% 0.7% 1.8% 2.7% 2.9%

By car ¢ 20.7% 26.0% 21.8% 12.7% 17.4%

By bus ¢ 1.1% 0.7% 3.6% 0.8% 0.0%

Other motorised mode(s) © 0.4% 0.7% 0.0% 0.0% 0.0%

By bus and on foot 0.4% 0.2% 0.0% 0.4% 1.4%

By car and on foot 8.2% 3.0% 10.9% 14.7% 10.1%

Other mixed modes combinations 0.8% 0.7% 0.0% 1.2% 1.4%

No predominant transport modes 3.1% 2.5% 3.6% 4.2% 1.4% <.001
Transport to school categorisation (%)

Active 65.40% 66.10% 60.00% 66.00% 68.10%

Motorised 22.20% 27.50% 25.50% 13.90% 17.40%

Mixed 12.40% 6.40% 14.50% 20.10% 14.50% <.001
Withing cycling distance (<4.0 km) (n =1,258) (n = 675) (n = 146) (n = 359) (n=178)
Usual transport modes to school * (%)

On foot 42.9% 46.1% 44.5% 34.5% 51.3%

By bicycle 6.0% 0.9% 2.1% 17.3% 6.4%

Other active mode(s)” 1.3% 0.7% 1.4% 1.9% 2.6%

By car ¢ 33.1% 39.7% 28.1% 25.3% 20.5%

By bus d 3.3% 3.6% 6.8% 0.8% 5.1%

Other motorised mode(s) © 0.6% 1.2% 0.0% 0.0% 0.0%

By bus and on foot 1.0% 0.6% 0.0% 1.7% 2.6%

By car and on foot 7.1% 2.8% 11.0% 13.1% 9.0%

Other mixed modes combinations 1.2% 1.3% 0.7% 1.1% 1.3%

No predominant transport modes 3.6% 3.1% 5.5% 4.2% 1.3% <.001
Transport to school categorisation (%)

Active 50.2% 47.7% 47.9% 53.8% 60.3%

Motorised 36.9% 44.0% 35.6% 26.5% 25.6%

Mixed 12.9% 8.3% 16.4% 19.8% 14.1% <.001
Beyond cycling distance (>4.0 km) (n =1,145) (n = 634) (n=119) (n = 293) (n=99)
Usual transport modes to school * (%)

On foot 1.0% 1.6% 0.0% 0.0% 1.0%

By bicycle 0.6% 0.5% 0.8% 1.0% 0.0%

Other active mode(s)”

By car ¢ 44.5% 62.3% 31.1% 22.2% 12.1%

By bus d 34.2% 21.9% 50.4% 45.7% 59.6%

Other motorised mode(s) ° 5.8% 7.3% 1.7% 4.4% 5.1%

By bus and on foot 6.8% 2.4% 8.4% 13.3% 14.1%

By car and on foot 3.0% 2.1% 3.4% 5.1% 2.0%

Other mixed modes combinations 2.7% 1.1% 3.4% 5.1% 5.1%

No predominant transport modes 1.5% 0.9% 0.8% 3.1% 1.0% <.001
Transport to school categorisation (%)

Active 1.6% 2.1% 0.8% 1.0% 1.0%

Motorised 84.5% 91.2% 84.0% 73.4% 74.7%

Mixed 14.0% 6.8% 15.1% 25.6% 24.2% <.001
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Note: In large urban area schools 11.3% of adolescents used school bus and 7.3% used public bus to school regularly (‘most of the time’ or ‘all of the
time’), either alone or in combination with other modes. In medium urban area schools, 30.9% of adolescents used school bus and 1.5% used public
bus regularly. No public bus was available in small urban areas and rural settings.

@ Usual transport modes to school were used by adolescents “most of the time” or “all of the time".

b Other active mode(s) (including combinations).

¢ By car (driven by others or driving).

4 By bus (public or school bus).

¢ Other motorised mode(s) (including combinations).

4. Discussion
4.1. Comparison with other studies

The purpose of this study was to examine patterns in transport to school modes by distance to school and across settlement types in
the Otago region, New Zealand. There are three main findings from this research. First, transport patterns to school differed signifi-
cantly across ‘walking’, ‘cycling’ and ‘beyond cycling’ distance to school categories. There were lower ATS rates and higher rates of
motorised transport and some mixed transport modes with increasing distance, as expected given that distance to school is the
strongest correlate of ATS in adolescents (McDonald, 2007; Ikeda et al., 2018; Mandic et al., 2015). Secondly, transport user groups
had distinct sociodemographic and family characteristics, on average lived at different distances from their school and exhibited
group-level differences in self-reported physical activity and perceived health. Thirdly, transport patterns to school varied across
settlement types and these variations were present within the three distance to school categories.

A novel contribution of this study is demonstrating moderating effects of distance on adolescents’ transport to school patterns
within ‘walking’, ‘cycling’ and ‘beyond cycling’ distance categories in a large sample of adolescents from diverse settlement types. In
addition to emphasising the importance of addressing factors that increase the distance adolescents travel to secondary schools such as
school location, sprawling urban areas (Stephenson et al., 2017; Early et al., 2015) and educational policies that support school choice
(Ladd and Fiske, 2001), the findings presented in this paper have implications for planning, implementation, monitoring and
evaluation of ATS initiatives and programmes (Mandic et al., 2017; Pocock et al., 2019; Mandic et al., 2020). Our findings emphasise
the importance of mode-specific interventions being implemented within mode-specific feasible distance from school and for target
group(s) who live within that mode-specific distance from their school (see Implication section below for more details).

Adolescents’ transport to school patterns also differed significantly across settlement types and, importantly, those differences were
apparent even among adolescents living within the separate distance to school categories. Since ATS behaviour is context-specific,
differences in travel behaviour across different settlement types are expected. Few studies have previously examined adolescents’
mobility in rural settings (McDonald, 2007; Pabayo et al., 2011; Babey et al., 2009; Mandic et al., 2015; Booth et al., 2007; Dalton et al.,
2011). Interestingly - and perhaps counterintuitively - this study shows that adolescents in the large urban area had higher rates of
private car transport to school compared to their counterparts in medium and small urban areas and rural settlements. This may reflect
urban adults’ car-driving patterns and their ability to trip chain for school drop-offs and/or pick-ups as part of their travel to other
destinations (e.g., work) (Keall et al., 2020). However, these findings need to be interpreted taking into account the specific geographic
context in which the empirical material were collected. The large and medium urban areas of the Otago region of New Zealand where
this study was conducted have limited provision of public bus transport and no rail transport. In areas where there is no suitable public
transport, New Zealand’s Ministry of Education funds free school buses for adolescents living more than 4.8 km from their school
(Ministry of Education, 2018). In the large urban area (Dunedin), the cost of the existing fare-based public bus service is one of the
major barriers for adolescents using public bus for school travel (Mindell et al., 2021). Therefore, although Otago adolescents living in
urban areas with available public buses and a conducive built environment may have a greater access to alternative transport modes
for school travel, the cost of bus travel to school was not equal across different settlement types. This inequality in bus transport cost
may in part contribute to greater reliance on private vehicle transport to school in the large urban area compared with smaller set-
tlement types observed in this study.

Most (McDonald, 2007; Pabayo et al., 2011; Babey et al., 2009) but not all (Mandic et al., 2015; Booth et al., 2007) previous studies
reported higher rates of ATS among adolescents in urban versus rural areas, which may be at least partially explained by differing
definitions of rural areas used. In this study, however, ATS rates were similar across all settlement types, ranging from 25% to 30%.

Our study confirmed characteristics reported elsewhere of adolescents who use different travel modes. Most adolescents who
walked to school lived within what is considered to be ‘walkable’ distance (<2.25 km); our findings are consistent with previously
reported sociodemographic, family and environmental correlates of adolescents’ walking to school (Mandic et al., 2015; Martin et al.,
2007).

Male gender (Reimers et al., 2013; McDonald, 2012; Leslie et al., 2010) and bicycle ownership (Grize et al., 2010) were positive
correlates of adolescents’ cycling to school in previous studies and in ours. Consistent with our findings, previous studies reported
higher levels of fitness in adolescents who cycle to school compared with walkers and users of motorised transport (Larouche et al.,
2014), and a higher odds of reporting very good or excellent health among physically active adolescents compared with their
non-cycling peers (Tremblay et al., 2003). Cyclists in the Otago region on average lived further from school than walkers but closer
than motorised and mixed transport groups, which is also consistent with greater reasonable distances for adolescents’ cycling (Nelson
etal., 2008; Bere et al., 2008; Van Dyck et al., 2010; D’Haese et al., 2011) compared with walking to school (Pocock et al., 2019; Nelson
et al., 2008; Bere et al., 2008; Chillon et al., 2015).
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Previous studies found female gender, high socioeconomic status and more vehicles in a household to be negative correlates of ATS
in adolescents (Babey et al., 2009; Mandic et al., 2015), as did we. Using accelerometer-measured physical activity, adolescents relying
on motorised transport to school had lower levels of moderate-to-vigorous physical activity compared with their peers who used active
or mixed modes (Kek et al., 2019). In our study one-fifth of car users lived within walking distance to school and another quarter lived
beyond walking but within cycling distance to school. This finding is not surprising, given the New Zealand context with the country’s
transport system being dominated by private vehicles (Ministry of Transport, 2015) and adolescents showing an on-going preference
for car-based transport (Hopkins et al., 2019).

Given that public transport travel usually involves use of active transport modes on either end of the journey and can contribute to
adolescents’ physical activity (Durand et al., 2016; Voss et al., 2015), it was disappointing that we found that adolescents who travelled
to school by bus had the lowest proportion self-reporting meeting physical activity guidelines. This could be related to the barrier
distance to school and other sporting opportunities. It could also reflect the availability of parents with cars to transport their ado-
lescents to school and other destinations. The profile of bus users in this study needs to be interpreted within the local transport context
described above. Some schools also fund their own school buses to attract students from different areas. Students travelling by school
buses are dropped and picked up directly outside the school, limiting opportunities for physical activity at one end of the bus trip.

Mixed transport users that combined bus travel and walking had nearly twice the proportion of adolescents self-reporting meeting
physical activity guidelines compared with bus only users, despite similar sociodemographic and family characteristics. A study using
accelerometers and global positioning systems (GPS) in adolescents from Vancouver, Canada, found that school travel-related walking
portions of transit trips had similar distance and duration to walking only trips and that walking distance was associated with ado-
lescents’ moderate-to-vigorous physical activity in a dose-response manner (Voss et al., 2015). Adolescents accumulated an additional
1 min of moderate-to-vigorous physical activity for every additional ~100 m they walked as part of school-travel (Voss et al., 2015).
Another study found higher levels of accelerometer-measured daily physical activity in adolescents who used ATS only or combined
active and motorised transport to school compared with their counterparts who relied solely on motorised transport (Kek et al., 2019).
Therefore, using active transport modes as part of the school journey, even if combined with motorised transport modes, provides an
opportunity for adolescents to accumulate physical activity, especially if active transport portions of public transport trips are of
sufficient distance and/or duration.

4.2. Implications

Our findings suggest that initiatives and programmes aimed at increasing walking and cycling to school may be most effective if
designed, implemented, monitored and evaluated focusing on adolescents who live within a reasonable walking or cycling distance
from their school. If such initiatives also intend to encourage walking and cycling to school among adolescents who live beyond
walkable or cyclable distance, it could be beneficial to tailor initiatives to the needs of those adolescents (and their parents) and
minimise their barriers to walking or cycling to school (e.g., setting up safe drop-off and pick up points within reasonable but not too
short walking distance to school along safe walking routes (Rahman et al., 2020)).

Although combining car travel with walking is preferrable to relying solely on private vehicle travel to school, encouraging walking
and/or cycling to school and disincentivising car travel among adolescents living within walking or cycling distance to school is
particularly important from a public health perspective to contribute to maintaining and/or increasing physical activity in adolescents
(Khan et al., 2021; Larouche et al., 2014), and can contribute to minimising the gender gap in adolescents’ physical activity levels since
females are generally less physically active than males (Guthold et al., 2020).

Monitoring and evaluation of mode-specific initiatives and programmes would also need to focus on intervention-specific target
group(s) as well as the overall population. In other words, monitoring and evaluation of initiatives and programmes such as pedestrian
and cycling infrastructure improvements along school routes, changes in school neighbourhood built environment, and even in-
terventions focused on improving social support for walking and cycling are likely to underestimate potential benefits if the monitoring
and evaluation does not consider stratification or similar approaches to understand impacts for target group(s) who are likely to benefit
from such interventions (i.e., adolescents living within reasonable mode-specific distance to school and/or those living within the area(s)
affected by such initiatives). This is particularly important in places where a large proportion of adolescents live beyond walking and/or
cycling distance to their school.

The transport to school user profiles identified in this study demonstrate the importance of tailoring future interventions to target
specific transport user groups (such as adolescent girls) and collecting and analysing mode-specific transport to school data (rather
than using generic terms of ‘active’ and ‘motorised’ transport) for understanding the local context (Mandic et al., 2017; Mandic et al.,
2020). These findings also contribute to the current debate regarding the use of the term ‘active transport’ for bus users given that
public transport journey usually involves use of active transport modes such as walking, cycling and scooting on either end of the
journey (Durand et al., 2016; Voss et al., 2015). Such categorisation should consider the local context and may be appropriate in large
urban areas where only public transport to school is available to adolescents. However, categorising bus travel to school as an active
transport mode may not be appropriate in geographical settings where government- or school-funded school buses are operating and
collecting adolescents in the vicinity of their homes and taking them to the school gate (such as in New Zealand), unless school bus
users are excluded from the analyses.

The findings from this study provide valuable practical insights into how home-to-school distance and settlement types affect
transport to school patterns of adolescents, and which groups appear more likely to benefit from interventions to encourage walking
and cycling to school based on where they live. However, additional research is needed to help make more firm policy recommen-
dations. Notably, in addition to well-designed cross-sectional studies using large samples of adolescents and controlling for a variety of
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relevant confounding factors, studies using longitudinal designs, natural experiments, quasi-experimental methods and simulations
are required.

4.3. Study strengths and limitations

Study strengths include a large sample size of adolescents living in different settlement types including non-urban settings; 85%
school participation rate across the region; distance to school obtained using GIS-based network analysis; differentiating dominant
transport modes including common mixed modes combinations; analysis of transport patterns to school by distance to school category
and across different settlement types; and analysis of the transport user group profiles.

Limitations include a smaller sample size of adolescents attending schools in rural settings; lack of detail on time and/or distance
for each mode for mixed transport users; lack of differentiation between public and school bus users; a self-reported measure of
physical activity; not attending to ethnic and socio-economic differences in mobility patterns; no data on air pollution and noise
pollution; and a cross-sectional study design which prevents exploring causality. In addition, though beyond the scope of this article
(Smith et al., 2021), this study did not explore alternative methods for calculating the path taken from home to school, including GIS
walkable network-based quickest path, GNSS (Global Navigation Satellite Systems — the current generic name for satellite-based
positioning technologies such as GPS) -captured paths and participant-reported paths via analogue or digital sketch maps (Smith
et al., 2021; Stewart et al., 2017; Ikeda et al., 2018). Therefore, no information is available on whether or not adolescents took the
shortest path to school or an alternative route, though a thorough investigation of path measurement means and associated parameters
(following on from findings relating to travel mode (Stewart et al., 2017) and street versus walkable network types (Ikeda et al., 2018))
is warranted. Also beyond the scope of this paper is a full spatial analysis based on this dataset, some of which has been performed and
reported on elsewhere (Chen et al., 2021).

Although transport to school is context-specific behaviour and therefore findings from this study may not be generalisable to diverse
geographical locations within New Zealand or in other countries, the results of this study are consistent with previous research and
provide further insight into adolescents’ travel patterns by distance and across settlement types. Future studies should focus on
examining correlates of walking and cycling to school among adolescents living within mode-specific reasonable distance from their
school in different settlement types. In addition, studies should also address the challenge of understanding mixed transport users based
onmore detailed travel to school data, which in most cases lack detailed information on the proportion of time or distance and/or amount
of time that adolescents use for each of the transport modes. Future studies could also use multivariate analysis to examine how travel
mode to school varies by home-to-school distance, settlement types and other relevant factors like gender.

5. Conclusion

Adolescents’ transport patterns to school vary by distance to school and across settlement types. Different transport user groups
were characterised by specific sociodemographic and family characteristics, environmental factors, health behaviours and perceptions
of health, which may be related to their transport choice decisions. These findings suggest the importance of mode-specific in-
terventions implemented within mode-specific feasible distance from school and tailored to specific transport user target group(s) to
minimise their ATS-related barriers. The differences between walking and cycling characteristics signal the importance of moving
away from the umbrella term of ‘Active Transport’, particularly in terms of interventions to increase uptake. It is also important to note
that walking and cycling are not the democratising modes they are often positioned to be, and the ableist discourses of incentivising
walking and cycling as a panacea need to be critically assessed in the design of interventions in all settlement types, as well as paying
attention to the gendered - as well as racialised and socio-economic mobility patterns of all people, including high school students and
their families. Taken together, these findings have implications for planning, monitoring and evaluation of initiatives and programmes
aimed at promoting ATS and reducing private vehicle travel for school trips.

Data statement

Data used in data analysis for this project will not be shared due to sensitivity of the collected data as well as participants having
been given assurances that the collected data will not be shared.

Financial disclosure

The BEATS Study was supported by the Health Research Council of New Zealand Emerging Researcher First Grant (14/565),
National Heart Foundation of New Zealand (1602 and 1615), Lottery Health Research Grant (Applic 341129), University of Otago
Research Grant (UORG 2014), Dunedin City Council and the University of Otago internal grants. The BEATS Rural Study was sup-
ported by the University of Otago Research Grant (UORG 2018) and Otago Energy Research Centre Seed Grant. Melody Smith was
supported by a Health Research Council of New Zealand Sir Charles Hercus Research Fellowship (17/013).

Author statement

Mandic: Conceptualisation, data curation, formal analysis, funding acquisition, investigation, methodology, project administra-
tion, resources, supervision, visualisation, writing — original draft, writing — review & editing. Garcia Bengoechea: Conceptualisation,

10



S. Mandic et al. Journal of Transport & Health 30 (2023) 101585

formal analysis, funding acquisition, methodology, writing — review & editing. Hopkins: Conceptualisation, funding acquisition,
methodology, writing — review & editing. Coppell: Conceptualisation, funding acquisition, methodology, writing — review & editing.
Smith: Writing - review & editing. Moore: Data curation, funding acquisition, methodology, writing — review & editing. Keall:
Funding acquisition, methodology, writing — review & editing. Ergler: Funding acquisition, investigation, methodology, writing —
review & editing. Sandretto: Funding acquisition, methodology, writing — review & editing. Wilson: Investigation, methodology,
resources, writing — review & editing. Kidd: Investigation, methodology, resources, writing — review & editing. Flaherty: Con-
ceptualisation, investigation, methodology, project administration, writing — review & editing. Mindell: Writing — review & editing.
Stephenson: Writing — review & editing. King: Investigation, project administration; writing — review & editing. Spence: Con-
ceptualisation, funding acquisition, methodology, writing — review & editing.

Declaration of competing interest

Sandra Mandic is the founder and the director of the research consultancy AGILE Research Ltd. (www.agileresearch.nz) and
Principal Advisor Transport Strategy at Wellington City Council (Wellington, New Zealand). Other authors have no conflict of interest.

Acknowledgments

The BEATS Research Programme is a collaboration between the Dunedin Secondary Schools’ Partnership, Dunedin City Council,
University of Otago and Auckland University of Technology. The BEATS Rural Study was conducted in collaboration with the Otago
Secondary Schools’ Principals’ Association. The authors would like to acknowledge BEATS investigators, Advisory Board members,
collaborators, research personnel (research assistants, students and volunteers), and all participating schools and adolescents.

References

Babey, S.H., Hastert, T.A., Huang, W., Brown, E.R., 2009. Sociodemographic, family, and environmental factors associated with active commuting to school among US
adolescents. J. Publ. Health Pol. 30 (Suppl. 1), S203-5220.

Bere, E., van der Horst, K., Oenema, A., Prins, R., Brug, J., 2008. Socio-demographic factors as correlates of active commuting to school in Rotterdam, The
Netherlands. Prev. Med. 47 (4), 412-416.

Booth, M.L., Okely, A.D., Denney-Wilson, E., et al., 2007. Characteristics of travel to and from school among adolescents in NSW, Australia. J. Paediatr. Child Health
43 (11), 755-761.

Bosworth, G., Price, L., Collison, M., Fox, C., 2020. Unequal futures of rural mobility: challenges for a “smart countryside”. Local Econ. 35 (6), 586-608.

Bringolf-Isler, B., Grize, L., Mader, U., Ruch, N., Sennhauser, F.H., Braun-Fahrlander, C., 2008. Personal and environmental factors associated with active commuting
to school in Switzerland. Prev. Med. 46 (1), 67-73.

Camarero, L., Cruz, F., Oliva, J., 2016. Rural sustainability, inter-generational support and mobility. Eur. Urban Reg. Stud. 23 (4), 734-749.

Carver, A., Panter, J.R., Jones, A.P., van Sluijs, E.M., 2014a. Independent mobility on the journey to school: a joint cross-sectional and prospective exploration of
social and physical environmental influences. J. Transport Health 1 (1), 25-32.

Carver, A., Veitch, J., Sahlqvist, S., Crawford, D., Hume, C., 2014b. Active transport, independent mobility and territorial range among children residing in
disadvantaged areas. J. Transport Health 1 (4), 267-273.

Chen, L., Moore, A.B.M., 2021. Using exploratory spatial analysis to understand the patterns of adolescents’ active transport to school and contributory factors. ISPRS
Int. J. Geo-Inf. 10 (8), 495. https://doi.org/10.3390/ijgi10080495.

Chillon, P., Panter, J., Corder, K., Jones, A.P., Van Sluijs, E.M., 2015. A longitudinal study of the distance that young people walk to school. Health Place 31, 133-137.

Currie, C., Nic Gabhainn, S., Godeau, E., International, H.N.C.C., 2009. The health behaviour in school-aged children: WHO collaborative cross-national (HBSC) study:
origins, concept, history and development 1982-2008. Int. J. Publ. Health 54 (Suppl. 2), 131-139.

D’Haese, S., De Meester, F., De Bourdeaudhuij, I., Deforche, B., Cardon, G., 2011. Criterion distances and environmental correlates of active commuting to school in
children. Int. J. Behav. Nutr. Phys. Activ. 8, 88.

Dalton, M.A., Longacre, M.R., Drake, K.M., et al., 2011. Built environment predictors of active travel to school among rural adolescents. Am. J. Prev. Med. 40 (3),
312-319.

Durand, C.P., Pettee Gabriel, K.K., Hoelscher, D.M., Kohl 3rd, H.W., 2016. Transit use by children and adolescents: an overlooked source of and opportunity for
physical activity? J Phys Act Health 13 (8), 861-866.

Early, L., Howden-Chapman, P., Russell, M. (Eds.), 2015. Drivers of Urban Change. Steele Roberts, Wellington.

Garnham-Lee, K.P., Falconer, C.L., Sherar, L.B., Taylor, .M., 2017. Evidence of moderation effects in predicting active transport to school. J. Public Health 39 (1),
153-162.

Gerike, R., de Nazelle, A., Wittwer, R., Parkin, J., 2019. Special issue “walking and cycling for better transport, health and the environment”. Transp. Res. A Policy
Pract. 123, 1-6.

Grize, L., Bringolf-Isler, B., Martin, E., Braun-Fahrldnder, C., 2010. Trend in active transportation to school among Swiss school children and its associated factors:
three cross-sectional surveys 1994, 2000 and 2005. Int. J. Behav. Nutr. Phys. Activ. 7, 28.

Guardian, The, 2011. New Zealand Raises Driving Age to 16. The Guardian Online, p. 2011, 01 August.

Guthold, R., Stevens, G.A., Riley, L.M., Bull, F.C., 2020. Global trends in insufficient physical activity among adolescents: a pooled analysis of 298 population-based
surveys with 1.6 million participants. Lancet Child Adolesc Health 4 (1), 23-35.

Hopkins, D., Garcia Bengoechea, E., Mandic, S., 2019. Adolescents and their aspirations for private car-based transport. Transportation. https://doi.org/10.1007/
s11116-019-10044-4 [Epub: 21 Aug 2019].

Huertas-Delgado, F.J., Herrador-Colmenero, M., Villa-Gonzalez, E., et al., 2017. Parental perceptions of barriers to active commuting to school in Spanish children and
adolescents. Eur. J. Publ. Health 27 (3), 416-421.

Ikeda, E, Mavoa, S, Hinckson, E, Witten, K, Donnellan, N, Smith, M, 2018. Differences in child-drawn and GIS-modelled routes to school: Impact on space and
exposure to the built environment in Auckland, New Zealand. J. Transp. Geogr. 71, 103-115.

Ikeda, E., Stewart, T., Garrett, N., Egli, V., Mandic, S., Hosking, J., et al., 2018. Built environment associates of active school travel in New Zealand children and youth:
a systematic meta-analysis using individual participant data. J. Transport Health 9, 117-131. https://doi.org/10.1016/].jth.2018.04.007.

Keall, M, Hopkins, D, Coppell, K, et al., 2020. Implications of attending the closest school on adolescents’ physical activity and car travel in Dunedin. J. Transp. Health
18, 100900.

Kek, C.C., Garcia Bengoechea, E., Spence, J.C., Mandic, S., 2019. The relationship between transport-to-school habits and physical activity in a sample of New Zealand
adolescents. J. Sport Health Sci. 8 (5), 463-470. https://doi.org/10.1016/j.jshs.2019.02.006.

11


http://www.agileresearch.nz
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref1
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref1
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref2
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref2
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref23
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref23
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref24
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref25
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref25
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref26
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref27
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref27
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref28
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref28
https://doi.org/10.3390/ijgi10080495
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref29
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref30
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref30
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref31
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref31
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref32
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref32
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref33
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref33
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref34
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref35
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref35
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref36
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref36
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref37
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref37
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref38
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref39
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref39
https://doi.org/10.1007/s11116-019-10044-4
https://doi.org/10.1007/s11116-019-10044-4
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref40
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref40
http://refhub.elsevier.com/S2214-1405(23)00021-X/optgnqJmYNxJE
http://refhub.elsevier.com/S2214-1405(23)00021-X/optgnqJmYNxJE
https://doi.org/10.1016/j.jth.2018.04.007
http://refhub.elsevier.com/S2214-1405(23)00021-X/optb5f8t4xK78
http://refhub.elsevier.com/S2214-1405(23)00021-X/optb5f8t4xK78
https://doi.org/10.1016/j.jshs.2019.02.006

S. Mandic et al. Journal of Transport & Health 30 (2023) 101585

Kerr, J., Rosenberg, D., Sallis, J.F., Saelens, B.E., Frank, L.D., Conway, T.L., 2006. Active commuting to school: associations with environment and parental concerns.
Med. Sci. Sports Exerc. 38 (4), 787-794.

Khan, A., Mandic, S., Uddin, R., 2021. Association of active school commuting with physical activity and sedentary behaviour among adolescents: A global perspective
from 80 countries. J. Sci. Med. Sport 24 (6), 567-572. https://doi.org/10.1016/j.jsams.2020.12.002.

Ladd, H.F., Fiske, E.B., 2001. The uneven playing field of school choice: evidence from New Zealand. J. Pol. Anal. Manag. 20 (1), 43-64.

Larouche, R., Saunders, T.J., Faulkner, G., Colley, R., Tremblay, M., 2014. Associations between active school transport and physical activity, body composition, and
cardiovascular fitness: a systematic review of 68 studies. J Phys Act Health 11, 206-227.

Larsen, K., Gilliland, J., Hess, P., Tucker, P., Irwin, J., He, M., 2009. The influence of the physical environment and sociodemographic characteristics on children’s
mode of travel to and from school. Am. J. Publ. Health 99 (3), 520-526.

Leslie, E., Kremer, P., Toumbourou, J.W., Williams, J.W., 2010. Gender differences in personal, social and environmental influences on active travel to and from
school for Australian adolescents. J. Sci. Med. Sport 13 (6), 597-601.

Mandic, S., Garcia Bengoechea, E., Hopkins, D., Coppell, K., Spence, J.C., 2022. Adolescents’ perceptions of walking and cycling to school differ based on how far they
live from school. J. Transport Health 24, 101316. https://doi.org/10.1016/j.jth.2021.101316.

Mandic, S., Hopkins, D., Garcia Bengoechea, E., Flaherty, C., Coppell, K., Moore, A., et al., 2020. Differences in parental perceptions of walking and cycling to high
school according to distance. Transport. Res. F Psychol. Behav. 71, 238-249.

Mandic, S., Hopkins, D., Garcia Bengoechea, E., Flaherty, C., Williams, J., Sloane, L., et al., 2017. Adolescents’ perceptions of cycling versus walking to school:
Understanding the New Zealand context. J. Transport Health 4, 294-304. https://doi.org/10.1016/j.jth.2016.10.007.

Mandic, S., Leon de la Barra, S., Garcia Bengoechea, E., Stevens, E., Flaherty, C., Moore, A., et al., 2015. Personal, social and environmental correlates of active
transport to school among adolescents in Otago, New Zealand. J. Sci. Med. Sport 18 (4), 432-437. https://doi.org/10.1016/j.jsams.2014.06.012.

Mandic, S., Williams, J., Moore, A., Hopkins, D., Flaherty, C., Wilson, G., et al., 2016. Built Environment and Active Transport to School (BEATS) Study: Protocol for a
cross-sectional study. BMJ Open 6, e011196. https://doi.org/10.1136/bmjopen-2016-011196.

Martin, S.L., Lee, S.M., Lowry, R., 2007. National prevalence and correlates of walking and bicycling to school. Am. J. Prev. Med. 33 (2), 98-105.

McDonald, N.C., 2007. Active transportation to school: trends among U.S. schoolchildren, 1969-2001. Am. J. Prev. Med. 32 (6), 509-516.

McDonald, N.C., 2008. Critical factors for active transportation to school among low-income and minority students. Evidence from the 2001 National Household
Travel Survey. Am. J. Prev. Med. 34 (4), 341-344.

McDonald, N.C., 2012. Is there a gender gap in school travel? An examination of US children and adolescents. J. Transport Geogr. 20 (1), 80-86.

Mindell, JS, Ergler, C, Hopkins, D, Mandic, S, 2021. Taking the bus? Barriers and facilitators for adolescent use of public buses to school. Trav. Behav. Soc. 22, 48-58.

Ministry of Education, 2018. School Transport - Eligibility for School Transport Assistance. Ministry of Education. Published 2017. https://www.education.govt.nz/
school/running-a-school/school-transport/sta-eligibility/. (Accessed 24 April 2018).

Ministry of Health, 2012. Food and Nutrition Guidelines for Healthy Children and Young People (Aged 2-18 Years): A Background Paper. Partial Revision February
2015. Ministry of Health, Wellington.

Ministry of Transport, 2015. 25 Years of New Zealand Travel: New Zealand Household Travel 1989-2014 (Wellington).

Nelson, N.M., Foley, E., O’Gorman, D.J., Moyna, N.M., Woods, C.B., 2008. Active commuting to school: how far is too far? Int. J. Behav. Nutr. Phys. Activ. 5 (1), 1-9.

Stats NZ, 2021. ANZLIC metadata urban rural. Published 2018. Accessed. https://datafinder.stats.govt.nz/document/21473-anzlic-metadata-2018-urban-rural/.

Pabayo, R., Gauvin, L., Barnett, T.A., 2011. Longitudinal changes in active transportation to school in Canadian youth aged 6 through 16 years. Pediatrics 128 (2),
e404-e413.

Panter, J.R., Jones, A.P., Van Sluijs, E.M., Griffin, S.J., 2010. Neighborhood, route, and school environments and children’s active commuting. Am. J. Prev. Med. 38
(3), 268-278.

Pocock, T, Moore, A, Keall, M, Mandic, S, 2019. Physical and spatial assessment of school neighbourhood built environments for active transport to school in
adolescents from Dunedin (New Zealand). Health Place 55, 1-8.

Porskamp, T., Egler, C., Pilot, E., Sushama, P., Mandic, S., 2019. The importance of social capital for young people’s active transport and independent mobility in rural
Otago, New Zealand. Health Place 60, 102216. https://doi.org/10.1016/j.healthplace.2019.102216.

Quam, V.G., Rocklov, J., Quam, M., Lucas, R.A., 2017. Assessing greenhouse gas emissions and health co-benefits: a structured review of lifestyle-related climate
change mitigation strategies. Int. J. Environ. Res. Publ. Health 14 (5), 468.

Rahman, ML, Moore, A, Smith, M, Lieswyn, J, Mandic, S, 2020. A conceptual framework for modelling safe walking and cycling routes to high schools. Int. J. Environ.
Res. Public Health 17 (9), 3318.

Rahman, M.L., Pocock, T., Moore, A., Mandic, S., 2020. Active transport to school and school neighbourhood built environment across urbanisation settings in Otago,
New Zealand. Int. J. Environ. Res. Public Health 17 (23). https://doi.org/10.3390/ijerph17239013.

Reimers, A.K., Jekauc, D., Peterhans, E., Wagner, M.O., Woll, A., 2013. Prevalence and socio-demographic correlates of active commuting to school in a nationwide
representative sample of German adolescents. Prev. Med. 56 (1), 64-69.

Salmond, C., Crampton, P., King, P., Waldegrave, C., 2006. NZiDep: a New Zealand index of socioeconomic deprivation for individuals. Soc. Sci. Med. 62 (6),
1474-1485.

Simons, D., De Bourdeaudhuij, I., Clarys, P., et al., 2017. Choice of transport mode in emerging adulthood: differences between secondary school students, studying
young adults and working young adults and relations with gender, SES and living environment. Transp. Res. A Policy Pract. 103, 172-184.

Smith, M, Cui, J, Ikeda, E, et al., 2021. Objective measurement of children’s physical activity geographies: a systematic search and scoping review. Health Place 67,
102489.

Stephenson, J., Spector, S., Hopkins, D., McCarthy, A., 2017. Deep interventions for a sustainable transport future. Transport. Res. Part D Transport Environ. 61 (Part
B), 356-372.

Stewart, T., Schipperijn, J., Snizek, B., Duncan, S., 2017. Adolescent school travel: is online mapping a practical alternative to GPS-assessed travel routes? J. Transport
Health 5, 113-122.

Timperio, A., Ball, K., Salmon, J., et al., 2006. Personal, family, social, and environmental correlates of active commuting to school. Am. J. Prev. Med. 30 (1), 45-51.

Tremblay, S., Dahinten, S., Kohen, D., 2003. Factors related to adolescents’ self-perceived health. Health Rep. 14 (Suppl. 1), 7-16.

Tremblay, M.S., Carson, V., Chaput, J.P., et al., 2016. Canadian 24-hour movement guidelines for children and youth: an integration of physical activity, sedentary
behaviour, and sleep. Appl. Physiol. Nutr. Metabol. 41 (6 Suppl. 3), $311-S327.

Van Dyck, D., De Bourdeaudhuij, I., Cardon, G., Deforche, B., 2010. Criterion distances and correlates of active transportation to school in Belgian older adolescents.
Int. J. Behav. Nutr. Phys. Activ. 7, 87.

Vitale, M., Millward, H., Spinney, J., 2019. School siting and mode choices for school travel: rural-urban contrasts in Halifax, Nova Scotia, Canada. Case Studies on
Transport Policy 7 (1), 64-72.

Voss, C., Winters, M., Frazer, A., McKay, H., 2015. School-travel by public transit: rethinking active transportation. Prev. Med. Rep. 2, 65-70.

White, B., Garcia Bengoechea, E., Spence, J.C., Coppell, K., Mandic, S., 2021. Comparison of physical activity patterns across large, medium and small urban areas and
rural settings in the Otago Region, New Zealand. N. Z. Med. J. 134, 51-65.

World Health Organization, 2010. Global Recommendations on Physical Activity for Health. WHO Press, Geneva, Switzerland.

Yang, X., Telama, R., Hirvensalo, M., Tammelin, T., Viikari, J.S., Raitakari, O.T., 2014. Active commuting from youth to adulthood and as a predictor of physical
activity in early midlife: the young Finns study. Prev. Med. 59, 5-11.

12


http://refhub.elsevier.com/S2214-1405(23)00021-X/sref41
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref41
https://doi.org/10.1016/j.jsams.2020.12.002
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref42
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref43
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref43
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref44
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref44
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref45
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref45
https://doi.org/10.1016/j.jth.2021.101316
http://refhub.elsevier.com/S2214-1405(23)00021-X/optEFmsfYUz10
http://refhub.elsevier.com/S2214-1405(23)00021-X/optEFmsfYUz10
https://doi.org/10.1016/j.jth.2016.10.007
https://doi.org/10.1016/j.jsams.2014.06.012
https://doi.org/10.1136/bmjopen-2016-011196
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref46
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref47
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref48
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref48
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref49
http://refhub.elsevier.com/S2214-1405(23)00021-X/optqcWmHwFiu6
https://www.education.govt.nz/school/running-a-school/school-transport/sta-eligibility/
https://www.education.govt.nz/school/running-a-school/school-transport/sta-eligibility/
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref51
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref51
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref52
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref53
https://datafinder.stats.govt.nz/document/21473-anzlic-metadata-2018-urban-rural/
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref55
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref55
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref56
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref56
http://refhub.elsevier.com/S2214-1405(23)00021-X/optFHYIJYj7IU
http://refhub.elsevier.com/S2214-1405(23)00021-X/optFHYIJYj7IU
https://doi.org/10.1016/j.healthplace.2019.102216
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref57
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref57
http://refhub.elsevier.com/S2214-1405(23)00021-X/optDS3eZ9cAHS
http://refhub.elsevier.com/S2214-1405(23)00021-X/optDS3eZ9cAHS
https://doi.org/10.3390/ijerph17239013
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref58
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref58
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref59
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref59
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref60
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref60
http://refhub.elsevier.com/S2214-1405(23)00021-X/optCsRciGMec3
http://refhub.elsevier.com/S2214-1405(23)00021-X/optCsRciGMec3
http://refhub.elsevier.com/S2214-1405(23)00021-X/optqAPw162pk6
http://refhub.elsevier.com/S2214-1405(23)00021-X/optqAPw162pk6
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref61
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref61
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref62
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref63
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref64
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref64
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref65
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref65
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref66
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref66
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref67
http://refhub.elsevier.com/S2214-1405(23)00021-X/optcFol4fKb6T
http://refhub.elsevier.com/S2214-1405(23)00021-X/optcFol4fKb6T
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref68
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref69
http://refhub.elsevier.com/S2214-1405(23)00021-X/sref69

	Examining the transport to school patterns of New Zealand adolescents by home-to-school distance and settlement types
	1 Introduction
	2 Material and methods
	2.1 Procedures
	2.2 Data analysis

	3 Results
	4 Discussion
	4.1 Comparison with other studies
	4.2 Implications
	4.3 Study strengths and limitations

	5 Conclusion
	Data statement
	Financial disclosure
	Author statement
	Declaration of competing interest
	Acknowledgments
	References


