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ABSTRACT
Introduction: Active transport to school (ATS) is a
convenient way to increase physical activity and
undertake an environmentally sustainable travel
practice. The Built Environment and Active Transport to
School (BEATS) Study examines ATS in adolescents in
Dunedin, New Zealand, using ecological models for
active transport that account for individual, social,
environmental and policy factors. The study objectives
are to: (1) understand the reasons behind adolescents
and their parents’ choice of transport mode to school;
(2) examine the interaction between the transport
choices, built environment, physical activity and weight
status in adolescents; and (3) identify policies that
promote or hinder ATS in adolescents.
Methods and analysis: The study will use a mixed-
method approach incorporating both quantitative
(surveys, anthropometry, accelerometers, Geographic
Information System (GIS) analysis, mapping) and
qualitative methods (focus groups, interviews) to
gather data from students, parents, teachers and
school principals. The core data will include
accelerometer-measured physical activity,
anthropometry, GIS measures of the built environment
and the use of maps indicating route to school
(students)/work (parents) and perceived safe/unsafe
areas along the route. To provide comprehensive data
for understanding how to change the infrastructure to
support ATS, the study will also examine
complementary variables such as individual, family and
social factors, including student and parental
perceptions of walking and cycling to school, parental
perceptions of different modes of transport to school,
perceptions of the neighbourhood environment, route
to school (students)/work (parents), perceptions of
driving, use of information communication technology,
reasons for choosing a particular school and student
and parental physical activity habits, screen time and
weight status. The study has achieved a 100% school
recruitment rate (12 secondary schools).
Ethics and dissemination: The study has been
approved by the University of Otago Ethics Committee.
The results will be actively disseminated through
reports and presentations to stakeholders, symposiums
and scientific publications.

INTRODUCTION
Physical inactivity and sedentary lifestyles
among adolescents are global public health
problems. If feasible, active transport to
school (ATS) is a convenient way to integrate
physical activity (PA) into everyday life and
maintain or increase PA levels.1 2 ATS may
lead to healthy, environmentally sustainable
and economical travel practices over a life-
time. Despite great variations in the preva-
lence of ATS between countries,3 the rates of
ATS among adolescents have consistently
declined over the past decade in developed
countries.4–8

Recent reviews identified a range of predic-
tors of ATS in children and adolescents
including demographic characteristics, indi-
vidual and family factors, school factors, and
social and physical environmental factors.9–12

Physical environment factors such as dis-
tance, presence of walking paths and/or bike
lanes, availability of recreational facilities,
urban form and road safety have a significant
impact on encouraging or hindering active
transport in youth.10 11 In contrast, land use
mix, residential density and intersection
density have not been consistently associated

Strengths and limitations of this study

▪ Study strengths include a large representative
sample of adolescents and parents across one
city with a heterogeneous physical environment,
data collection across the three seasons (fall,
winter and spring) and objectively measured
physical activity and built environment.

▪ This study has achieved a 100% school recruit-
ment rate.

▪ Study limitations include cross-sectional study
design, self-reported travel data, data collection
in one city and lack of information on transport
from school.
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with ATS in children and adolescents.12 Understanding
how these factors interact and influence transport
choices among adolescents in a local context will enable
the scientific community, policymakers, city planners
and health promoters to address ATS barriers and
reduce the reliance on motorised transport in this age
group.
Most of the previous ATS studies in adolescents were

conducted in urban areas of the USA,13 14 Canada,15

Australia16 and Western Europe.17 18 Though some com-
monalities may exist across high-income countries,
reviews of the literature suggest that how the environ-
ment impacts physical activity and sedentary behaviour
is not universal. The USA, Canada, Australia and
Western Europe have different urban layouts and social
norms compared to New Zealand. For instance, data
from 12 countries showed between-country variation in
residential density, intersection density, walkability index
and park density.19 Limited data from New Zealand
suggest that age, distance to school, number of vehicles
and screens at home, coeducational status of the school
and opportunity to socialise with friends influence the
ATS of adolescents.20 Though some factors such as dis-
tance to school and parental safety concerns will be
similar across countries, climate/weather and percep-
tions and features of the built environment are location-
specific. In addition, social norms and policies can
influence factors such as availability and use of public
transportation, parental perceptions of safety, safety con-
scious parental practices, school zoning and reasons for
choosing a particular school. In particular, New Zealand

has one of the highest rates of private vehicle ownership
per capita in the world.21 Finally, the climate/weather at
the south end of the South Island of New Zealand is
very different from parts of the North Island of New
Zealand and Australia. Thus, the interaction between
climate/weather and the environment may have a differ-
ent impact on the ATS of adolescents. Therefore, under-
standing of the local context through an ecological
approach examining multiple intersecting levels of influ-
ence is essential for identifying effective intervention
strategies to promote ATS.
The Built Environment and Active Transport to

School (BEATS) Study will examine ATS among adoles-
cents on the South Island of New Zealand using eco-
logical models for active transport10 22 which account
for individual, social, environmental and policy factors.
The study objectives are to: (1) understand the reasons
behind adolescents and their parents’ choice of trans-
port mode to school; (2) examine the interaction
between the transport choices, built environment, PA
and weight status in adolescents; and (3) identify pol-
icies that promote or limit ATS in adolescents.
Study overview: This observational cross-sectional study

will use a mixed-method approach incorporating both
quantitative (surveys, anthropometry, accelerometers,
Geographic Information System (GIS) analysis,
mapping) and qualitative methods (focus groups and
interviews) to gather data from students, parents, tea-
chers and school principals (figure 1). The core data will
include objective measures of PA (measured using accel-
erometers), anthropometry and the built environment

Figure 1 The BEATS Study: conceptual framework, outcome measures and assessment procedures. (ATS=active transport to

school; BEATS, Built Environment and Active Transport to School Study; GIS=Geographic Information System analysis).

2 Mandic S, et al. BMJ Open 2016;6:e011196. doi:10.1136/bmjopen-2016-011196

Open Access

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2016-011196 on 24 M

ay 2016. D
ow

nloaded from
 

http://bmjopen.bmj.com/


(derived through GIS analytical techniques), and the use
of maps to collect data about route to school (students)/
work (parents) and perceived safe or unsafe areas along
the route. To provide comprehensive data for under-
standing how to change the infrastructure to support
ATS, the BEATS Study will also examine complementary
variables such as individual, social and policy factors,
including student and parental perceptions of walking
and cycling to school, parental perceptions of different
modes of transport to school, route to school (students)/
work (parents), reasons for choosing a particular school
and student and parental weight status, PA habits, seden-
tary behaviours and dietary habits (students only).

METHODS AND ANALYSIS
Study Design: The BEATS Study is based on multisector
collaborations between secondary schools, the city
council, the local communities and academia.23 The
study will be conducted in Dunedin, New Zealand
(population ∼120 000). The BEATS Research Team is
multidisciplinary with expertise ranging from exercise
science, behavioural medicine and health promotion to
geographic information science, statistics, consumer
behaviour and environmental sociology. Details on the
development of research and community collaborations,
planning and study implementation have been
described elsewhere.23

The study will consist of six subprojects that examine
different components of the ecological models for active
transport using quantitative (student survey and parental
survey) and qualitative approaches (focus groups with
students, parents and teachers; school principal inter-
views) (figure 1). Each substudy is described in more
detail below. Data collection started in 2014 and will con-
tinue until 2017.

Quantitative data
BEATS student survey
Purpose: The BEATS Student Survey examines adoles-
cents’ transport to school habits, motivations and bar-
riers for ATS, reasons for choosing a particular school,
perceptions of the neighbourhood environment, health
behaviours, weight status, perceptions of driving and the
use of information communication technology. Specific
aims are to: (1) examine the interaction between the
transport choices, perceived (questionnaire) and object-
ive measures (GIS analysis) of the built environment, PA
and weight status in adolescents; (2) investigate the rela-
tionship of the adolescents’ transport mode choice to
the wider sociocultural, built environment and policy
influences; and (3) compare motivations and barriers
for walking versus cycling to school.
Participants: The BEATS Student Survey will recruit

2000 students in school years 9–13 (age: 13–18 years)
attending 1 of 12 secondary schools in Dunedin. Cluster
sampling will be undertaken using schools as sample
units and classrooms within schools as clusters. In each

school, two to four classes will be approached in years
9–13 (∼25 students per class x on average three classes
per school year×5 school years×12 schools=≈4000 stu-
dents). Owing to logistic reasons, the sampling of classes
within the school will be left to the discretion of each
school.
Using variance estimates calculated from data from

the Otago School Students Lifestyle Surveys (2009 and
2011)20 in Dunedin schools (n=1458), 700 students per
group would provide a statistical power of >0.90 at
α=0.05 to detect a 10% difference in ATS use in boys
versus girls, as well as differences in distance to school of
500 m and differences in built environment variables
between ATS and motorised transport users. Allowing
for 30% non-response, a total of 2000 students will be
recruited. With an estimated recruitment rate of 50%,
4000 students will be invited to participate in the
student survey.
Procedures: Students will be recruited through their

school. Packages with study information and consent
forms will be given to all invited students and their
parents at the school 1–3 weeks prior to the scheduled
date(s) for data collection. The study will be advertised
in the school’s newsletter. Information about the study
will also be sent by email from the school principal to
the students and parents. Each school will be provided
with prepaid envelopes containing relevant study infor-
mation for those parents who do not have an email
address. Parents will have an option to sign their
consent either on paper or online. For adolescents
under the age of 16 years, parental opt-in or parental
opt-out consent will be used on the basis of the school’s
preference. Although students will also have an option
to sign their consent online, each student will be
required to sign a paper version of the consent.
Measures: Participants will complete an online survey

(n=2000) and anthropometric measurements and will
have an option to participate in PA assessment using
accelerometers (n=250) and/or one focus group (n=50)
(numbers indicate target sample sizes). Measures will
include self-reported transport to school habits, percep-
tions of ATS, self-reported healthy lifestyle habits,
anthropometry, school bag weight, accelerometer-
measured PA, perceived and objectively measured built
environment characteristics and the route to school
drawn on a map.
Survey: Students will be surveyed once using a 30–

40 min questionnaire developed specifically for this
study. The questionnaire will be delivered and completed
online, during classroom time, with 3–5 research assis-
tants and a teacher present in the classroom. The ques-
tionnaire will include questions on demographics,
reasons for choosing a particular school, transport to
school habits, motivations and barriers to walking and
cycling to school, perceived neighbourhood environ-
ment, health behaviours, perceptions of driving and use
of information communication technology. All questions
have been developed for use in school students, and most
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have been validated and used successfully in similar
populations. Home address will be collected to facilitate
calculation of distance to school (using GIS analysis) and
determine neighbourhood deprivation score as a surro-
gate for students’ socioeconomic status.24 Perceptions of
neighbourhood environment will be examined using a
validated Neighbourhood Environment Walkability Scale
for Youth (NEWS-Y) (test–retest reliability in adolescents:
ICC range 0.56 to 0.87).25 Health behaviours will be
examined using questions from the Health Behaviour in
School Children survey (permission obtained) (moder-
ate-to-vigorous PA question: ICC 0.77; vigorous PA ques-
tions: ICC 0.71 for frequency and ICC 0.73 for duration;
test–retest reliability for television viewing and computer
use: Spearman correlations 0.55 to 0.68;26 Food
Frequency Questionnaire for adolescents: Spearman cor-
relations with the 7-day food diary −0.13 to 0.67).27

Anthropometry assessment: Height and weight will be
measured at the time of the survey using standard proce-
dures with participants in school uniforms (without
shoes, jackets and sweaters). Height will be measured
using a custom-made portable stadiometer and recorded
to the nearest 0.1 cm. Weight will be measured using an
electronic scale (A&D scale UC321, A&D Medical),
recorded to the nearest 0.01 kg and reduced by 0.5 kg to
account for clothing. Body mass index will be calculated
as weight divided by height squared (kg�m−2). Weight
status category will be determined using international
age-specific and gender-specific cut-points.28 Waist cir-
cumference will be measured using a metal measurement
tape in standing position at the narrowest part of the
torso (above the umbilicus and below the xiphoid
process). Students’ school bags will be weighed as well.
Anthropometry measurements will be taken in a private,
screened off area of the classroom by trained researchers.
Accelerometer Assessment: One to three weeks after

completing the online questionnaire, consenting adoles-
cents will be instructed and shown at school how to
attach and wear an accelerometer (ActiGraph,
GT3XPlus, Pensacola, Florida, USA). Participants will
wear an accelerometer above the right hip for at least
12 h per day for seven consecutive days. The valid wear
time criteria for wearing an accelerometer will be set as
at least 5 days, for a minimum of 10 h per day.29 30 To
promote compliance, participants will be given a log to
record the times and reasons for taking the accelerom-
eter off during the day and will receive emails, phone
calls or text reminders. After 7 days, participants will
return their accelerometer at their school. Activity
counts will be stored in 10 s and 30 s interval counts to
detect short bursts of vigorous PA.31 Data with 10 s inter-
val counts will be analysed using MeterPlus software
using Evenson cut-points.32 Variables will include
average moderate-to-vigorous physical activity and seden-
tary times (daily, weekday and weekend), 1 hour before
school (8:00 to 9:00), 1 h after school (15:00 to 16:00),
and late after-school hours (16:00 to 20:00).

Mapping a route to school: After completing the
survey and anthropometry, students will be provided
with an A3 size map of the city with their school and city
centre highlighted. Students will be asked to draw their
route to school, indicate their mode of transport
(including multimodal transport), mark the areas along
the route where they feel safe or unsafe and comment
on safety issues along the route. These paper maps will
be subsequently digitised through tracing the drawn
route on a roads spatial data layer, using a GIS. This
means that the recorded route will follow the surveyed
road network and will not be subject to the geometric
irregularities associated with hand-drawing. Transport
mode and safety attributes will be attached to the traced
route lines where they occur. Map-measured routes have
been previously used as valid and were significantly dif-
ferent from GIS-based network measurements,33 which
were also featured in this study.
Geographic Information System Analysis: A built envir-

onment GIS analysis will be conducted for the home
and school neighbourhoods and route to school.
Objective measures of the built environment (distance
from home to school, land mix use, residential density,
intersection density and topography) and route to
school analysis (distance) will be derived through GIS
analytical techniques using Esri ArcGIS V.10.2 Software.
Distance from home to school will be calculated in two
ways: (1) actual route from home to school marked on a
map, as previously described and (2) using the shortest
route on a topologically connected transport network,
based on geocoded home and school addresses. For the
latter, distances will be calculated using the following
steps: (1) geocoding home addresses to get address
coordinates; (2) extracting school address points from
reference spatial data; (3) constructing an integrated
and connected road and track network; (4) attaching
the home and school point locations to this network;
and (5) using R scripting to calculate the shortest travel
distance on the network for each study participant for
each route using the edges (roads, tracks) and nodes
(home, school and road/track intersection points)
forming the network. Such GIS-calculated distances
were found to be statistically similar to distances mea-
sured from Global Positioning System (GPS) data col-
lected on the home-to-school route.34

The intersection density will be calculated as a count
of intersections along the route using the route and
junction data derived from the connected transport
network. A 100 m buffer zone based on the route will be
used to obtain a count of the junctions on or near the
route. The land use mix variable along the school routes
will be calculated as the mean land use mix entropy35

using the Dunedin City Council reference data (value
range between 0 (the land use mix along the route is of
a single class) and 1 (the land use mix along the route
is evenly distributed among all land use classes)). The
topography of each route will be represented by the
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altitude difference and total altitude gain variables, cal-
culated in conjunction with digital elevation data.
Analysis: Data analysis will include descriptive statistics,

examination of the normal distribution of data (the
Shapiro-Wilk test and visual inspection of the corre-
sponding histogram) and the homogeneity of variance
(Levene’s test). Generalised linear mixed effects models
will be used to investigate relationships at the individual,
social and environmental levels and to take account of
the cluster sampling scheme. Binary variables (eg,
walking to school or not) will be modelled with logistic
regression and ordinal variables (eg, frequency of
walking to school on a semantic frequency scale) with
proportional odds regression, accounting for the cluster
sampling scheme. Analyses will be conducted with R and
SPSS Statistical Package V.22.0.

BEATS parental survey
Purpose: The BEATS Parental Survey will examine paren-
tal perceptions of different transport modes to school, par-
ental motivations and barriers for ATS, parental past travel
to school habits, perceptions of the built environment and
safety of the route to school, physical activity habits, health
behaviours, weight status and route to work and their rela-
tionship to ATS habits in adolescents. Specific aims are:
(1) to explore the parental social and cultural environ-
ment in relationship to ATS habits of their children; (2) to
compare parental and adolescents’ perceptions of the
built environment, and especially safety for ATS and (3) to
compare parental and adolescents’ physical activity habits,
and motivations for and barriers to ATS (in conjunction
with the BEATS Student Survey).
Participants: Parent participants will be recruited

through 12 secondary schools in Dunedin (1000 parents
for the parental survey (80–100 parents per school); 250
parents for physical activity monitoring; and 30 parents
for focus groups). We will approach parents of students
in four classes in years 9–13 in each school (∼25 stu-
dents per class×4 classes per school year×5 school
years×12 schools=≈6000 parents). With an expected par-
ticipation rate of 15–20% (an average parental participa-
tion rate in school-initiated surveys in Dunedin
secondary schools), we will recruit 1000 parents to com-
plete the survey (80–100 parents per school). In the
case of lower participation rate, the participating schools
will be asked to send the study information to all parents
at their school (by email or post). The study will be
advertised through social media such as Facebook, local
community newspapers as well as poster advertising in
workplaces, local community and sporting centres.
Owing to complexity of the overall BEATS Study, the
student and parental components will be planned as dis-
tinct research projects. Therefore, parents will be able to
participate irrespective of their child’s participation.
This approach will be a limitation to the creation of
parent–child dyads for the purpose of the analysis.
Therefore, we will use child-level and parent-level data
to make comparisons, when appropriate, and make

inferences in the light of the limitations acknowledged
above.
From the parents who consent to participate in the

physical activity study, a subsample of 250 parents (equal
gender representation) will be randomly selected and
contacted to confirm their interest and willingness to
wear an accelerometer for 7 days. Approximately 30
parents will be purposefully recruited for focus groups
to provide a broad representation of participants based
on a number of sociodemographic, attitudinal and
behavioural characteristics relevant to the topic under
consideration.
Procedures: Recruitment of parents for the BEATS

Parental Survey will take place using the following proce-
dures: (1) advertising in the school’s newsletters; (2)
giving the BEATS parental pamphlet to students at
school to take home; and (3) two email/mail invitation
messages sent from the school principal to the parents
at their school. The BEATS parental pamphlet and
email from the school principal to parents will include
brief information about student and parental surveys, a
sign-up sheet for parents, relevant links to the BEATS
Study website for further information about the BEATS
Parental Survey, downloading study information sheets
and consent forms, and signing consent online.
Invited parents will be given 1 month to respond to

the invitation to participate in the BEATS Parental
Survey. Only one parent per household will be included
in the data analysis. Multiple parents per household will
be determined from a combination of home address
data, child’s school, child’s school year and parent’s
gender. The second parent from the same household
will be removed from the analysis. However, separated
parents (from different households) will be included in
the analysis.
Measures: Parent participants will complete an online

survey and will also have an option to participate in phys-
ical activity assessment (using accelerometers) with
anthropometric measurements and/or one focus group.
Questionnaire: Parents will be surveyed once using a

questionnaire developed specifically for this study.
Participants will have a choice of completing the survey
online (Qualitrics software) or on a paper copy mailed
to them. This approach will not disadvantage parents of
families with a lower socioeconomic status or families
with limited or no computer and internet access at
home. The parents will complete the 25–30 min ques-
tionnaire in their own spare time. The questionnaire will
include questions on demographics (including self-
reported height and weight), transport to school habits
of their children, perceptions of walking, cycling, driving
and bussing to school, safety of child’s route to school,
perceived neighbourhood environment, PA habits, trans-
port to work details and perceptions of driving. Parental
barriers to walking and cycling to school will be exam-
ined using previously validated instruments (internal
consistency 0.71–0.86; ICC 0.74–0.81)36 37 and will be
supplemented with specific questions (eg, parental
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attitude towards cycle skills training and assessment of
needs for a bike library or cycle skills training for adoles-
cents). Perceptions of the neighbourhood environment
will be examined using a validated parent version of the
Neighbourhood Environment Walkability Scale for
Youth (NEWS-Y) (test–retest reliability in parents of ado-
lescents: ICC range 0.61 to 0.78).25 Parental self-
reported PA habits will be assessed using questions from
the International Physical Activity Questionnaire
(I-PAQ) Long Form (test–retest reliability with median
ICC of ∼80)38 and brief measures of PA.39 40

Parental Physical Activity Assessment: Within 2 weeks
of completing the questionnaire, consenting parents will
attend a 20 min appointment to set up an accelerometer
(ActiGraph, GT3XPlus, Pensacola, Florida, USA) and
obtain anthropometry measurements (height, weight
and waist circumference assessed using standard proce-
dures described above). During the study appointment,
participants will be instructed and shown how to attach
and wear an accelerometer. The appointments will be
set up at one of the designated locations throughout the
city. To facilitate recruitment, participants will be able to
choose a location and time that is most convenient for
them. Anthropometry measurements will be taken in a
private room by a trained researcher. Participants will
wear an accelerometer above the right hip for at least
12 h per day for seven consecutive days. The valid wear
time criteria for wearing an accelerometer will be set for
at least 5 days, for a minimum of 10 h per day. To
promote wearing an accelerometer, participants will be
given a log to record the times and reasons for taking
the accelerometers off during the day and will receive
emails, phone calls or text reminders. After 7 days, parti-
cipants will return their accelerometer or mail it using a
prepaid envelope. Data will be analysed using MeterPlus
software using the threshold criteria for adults.41

GIS analysis: Objective measures of the built environ-
ment (distance to workplace and child’s school, land
mix use, residential density, intersection density and top-
ography) and route to work analysis (distance, route
proximity to child’s/children’s school(s)) will be derived
through GIS analytical techniques using Esri ArcGIS
10.2 Software and code written in R, using the same
methods described above for the student study.
Distances (home to child’s school, home to parental
workplace and child’s school to parental workplace) will
be calculated on the topologically connected transport
network, based on geocoded work addresses, as well as
home and children’s school addresses. The intersection
density will be calculated as described for the student
study. The land use mix variable along the school routes
was calculated as the mean land use mix entropy,35

using the Dunedin City Council reference data (as
described above). The topography of each route will
again be evaluated through the altitude difference and
total altitude gain variables.
Sample size calculation: As described above, 6000

parents will be invited to participate in the BEATS

Parental Survey. With expected participation rates of
15% to 20%, 1000 parents will be recruited. Assuming
that the relationship between parental attitudes and
child PA42 and between parental PA and child PA43 is
small (r=0.15 to 0.25), a sample of 347 parent–child
dyads will be sufficient to detect r≥0.15 with α=0.05 and
β=0.80. Using the same α and β, 394 dyads will be suffi-
cient to detect a small effect size using analysis of vari-
ance (ANOVA). Therefore, we will aim for at least 400
dyads in our sample. A sample size of 250 parents in the
PA substudy will be sufficient to detect medium effect
sizes for comparison between the groups using ANOVA.
Analysis: Data analysis will include descriptive statistics,

examination of the normal distribution of data (the
Shapiro-Wilk test and visual inspection of the corre-
sponding histogram) and the homogeneity of variance
(Levene’s test)). Generalised linear mixed-effects
models will be used to examine parental attitudes
towards ATS, their perceptions of the built environment
(especially safety for cycling to school) and objective
measures of the built environment as correlates of ATS
in adolescents. Data analysis will take into account the
cluster sampling scheme. Bivariate correlations and
ANOVA will be used to examine relationships and
compare parental weight status and PA with parental atti-
tudes towards ATS and adolescents’ PA, weight status
and transport to school habits and to compare parental
and adolescents’ motivations and barriers to ATS.
As described previously, 6000 parents will be invited to

participate in the BEATS Parental Survey. With expected
participation rates of 15–20%, ∼1000 parents will be
enrolled in the study with at least 400 parent-child dyads
and parents in the PA substudy.

Qualitative data
BEATS focus groups with students, parents and teachers
Purpose: Focus groups will be conducted with groups of
students, parents and teachers to explore their percep-
tions of active transport, transport to school, transport
modes, motivations and barriers to travel behaviour and
modal choice, adolescents’ internet use and use of infor-
mation communication technologies (table 1). The
focus groups will provide qualitative empirical data to
complement the quantitative survey data, offering an
opportunity to delve into the meanings, perceptions and
interpretations of the participants.44

Participants: Student participants will be recruited
from the Student Survey sample. To account for discrete
school contexts, all 12 participating schools will be
offered the opportunity to participate in one focus group
of 8–10 students with equal gender and age representa-
tion. Parent participants will be recruited through adver-
tisements at schools, workplaces, local community and
sporting centres. Six to eight parental focus groups will
be conducted, with 4–10 participants per focus group
and up to 30 participants recruited. Teacher participants
will be recruited through participating schools. Four to
six teachers’ focus groups will be conducted with four to
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six teachers per session and up to 24 participants. Sample
size for student, parental and teachers’ focus groups will
be determined by redundancy and saturation.45 46

Procedures: The focus group session will last up to 1
hour, and be conducted at a time suitable for each
group of participants. For students and teachers, the
focus group will take place in a quiet and private loca-
tion at each school. For parental focus groups, a neutral
and mutually convenient location will be used. Drinks
and snack food will be provided for the participants to
create a more relaxed environment and foster a positive
environment in which the participants feel free to speak
at ease and without judgement. Participants will be
advised that they do not need to answer any of the ques-
tions should they not wish to do so. They will be reas-
sured that their responses will be anonymised in any
subsequent reporting of the empirical material.
Participants will also be encouraged to keep the content
of the focus group discussion between themselves.
Sessions will end with an opportunity to ask questions
and discuss ATS-related issues not covered by the focus
group questions.
The focus groups will be facilitated by up to three

researchers. The lead researcher (DH) will direct the
session, ask the questions according to the semistruc-
tured interview question matrix (table 1) and develop
dialogue between the focus group participants, ensuring
that all participants’ voices are being heard. Additional

researchers will provide support and assistance to the
lead researcher, and take notes on key issues arising
through the session.
The lead researcher will be responsible for identifying

and mitigating any risks which could affect the outcomes
of the research. Potential risks include: (1) potential
power dynamics within the student focus group session
since all focus group participants will be known to one
another as students from the same school and a mix of
age groups; (2) domination over a conversation in par-
ental focus group (to be minimised by allowing only one
parent per family to participate in any one focus group);
and (3) potential power dynamics in teachers’ focus
group resulting from different roles at the school or per-
sonal relationships that could affect the ability of partici-
pants to speak openly.
Measures: Focus group themes for students, parents

and teachers are listed in table 1.
Analysis: Focus group sessions will be digitally audio

recorded, fully transcribed and analysed using NVivo10
qualitative analysis software. Detailed notes taken by
researchers during and immediately after each focus
group will allow the incorporation and development of
lines of enquiry for subsequent focus groups. This is due
to the highly dynamic and interactive nature of qualita-
tive data generation and analysis.47–49 Thematic analysis
will be used to search for emergent themes.50 This
approach is popular in qualitative research, with the

Table 1 Themes for BEATS Study focus groups and interviews

Focus groups/interview themes

Student focus group ▸ Current travel practices

▸ Drivers of current practices

▸ Barriers to alternative practices

▸ Perceptions of transport modes

▸ Stereotypes of people who use different transport modes

▸ Perceptions of the local environment

▸ Parental roles on determining transport modes

▸ The role of teachers

Parental focus group ▸ Current travel patterns and social pressures

▸ Personal transport to school experiences

▸ Perceptions of health benefits of ATS

▸ Relationships between travel and independence

▸ Built environment in the school neighbourhood

▸ Perceptions of the safety of students’ routes to school

Teachers’ focus group ▸ Personal transport practices and norms

▸ Built environment at home and at work

▸ Perceptions of transport modes

▸ Perceptions of students’ transport to school

▸ The role of the teacher in encouraging active transport

▸ Road safety

School principal interview ▸ School policy for active transport to school

▸ Perceptions of transport modes

▸ Health and safety liabilities

▸ School road safety procedures, education and messages

▸ Infrastructure and the built environment
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search for themes equating to the use of variables in
quantitative research.51 Themes emerge as a result of
both inductive and deductive reasoning, drawing
together field-generated themes and the over-riding con-
ceptual framework.51

After uploading the transcriptions to the NVivo10 soft-
ware, a liberal coding approach will be used to explore
the empirical material, to identify similarities, differ-
ences, patterns and structures in the text.52 53 Following
this, an interpretivist approach to analysis will be used to
get a greater depth of understanding. This reading of
the material will consider the survey findings and draw
parallels across the different research methods. One
researcher (DH) will code the material. Coded material
will be shared with other researchers and triangulated
with the focus group session notes. Triangulation (eg, of
researchers, methods, informants) can limit methodo-
logical and personal biases, thereby increasing the trust-
worthiness of the research findings.54 Trustworthiness is
thought to be achieved through the credibility, transfer-
ability, dependability and confirmability of the
research.46 Trustworthiness is a qualitative standard
similar to that of generalisability and objectivity in quan-
titative approaches.46

BEATS school principal interviews
Purpose: The school principal interviews will explore
school principals’ perceptions of ATS, school neighbour-
hood environment, school’s policies for ATS, road safety
procedures around the school and personal travel
habits.
Participants: Principals of all 12 participating schools

will be invited to participate. Either the school principal
or deputy principal will be eligible to participate in this
interview.
Procedures: A 60 min semistructured interview will be

conducted at the school and attended by two research-
ers. The lead researcher will direct the interview and ask
the questions according to the interview question
matrix. The same researcher will lead all school princi-
pal interviews for consistency. The second researcher
will provide assistance to the first researcher and take
notes on the conversation arising through the session.
Before the session, participants will provide written
consent and be reassured that their responses (including
identifiable comments about their particular school)
will be anonymised in any subsequent reporting of the
empirical material.
Measures: The school principal interviews will involve

an open-ended questioning technique. The general line
of questioning will include gaining information about
school policy for ATS and school-specific concerns
related to ATS (table 1). Since the interview will be semi-
structured in nature, there will be a loose line of ques-
tioning that will be developed prior to the interview
(table 1), as well as flexibility to develop specific themes
of interest to each school principal.

Analysis: The interview sessions will be digitally audio
recorded, fully transcribed and analysed by NVivo10
qualitative analysis software. In line with Basit,53 analysis
and interpretation will begin during the interview
process, and continue through transcription, formal ana-
lysis and write-up, as ‘a dynamic, intuitive and creative
process of inductive reasoning, thinking and theoriz-
ing’.53 Thus, the identification of themes from the
empirical material will begin during the interview
process. The formal analysis will take place using the
same analytical process used for the focus group
sessions.

Mixed-methods design
The approach to data integration will be one of conver-
gent parallel or ‘concurrent triangulation’.55 The empir-
ical material from the quantitative and qualitative
strands of this research will be equal, and will be used to
‘more accurately define relationships among variables of
interest’.56 Thus, neither quantitative nor qualitative
data will be considered to be ‘truer’, or given more
weight, than the other. Through this approach, findings
are understood as evidence that can be either narrative
or numeric, to examine the same phenomenon, namely
Active Transport to School. Specifically, consistent with
the notion of ‘parallel-datasets’ forwarded by Creswell
and Plano Clark,57 both methods will be used to address
complementary aspects of the same phenomenon, and
integration of qualitative and quantitative data will take
place in the interpretation/discussion phase. To this
end, both sources of data will be analysed separately and
convergences and divergences in the findings will subse-
quently be identified in the context of side-by-side com-
parison and reported, and interpretations will be
provided.

Strengths and limitations
The BEATS Study will extend current national58 59 and
international projects60 examining the association of the
built and social environments and health in adolescents.
The review by Adams et al19 shows that between-country
variation exists in how the primary indicators of walkabil-
ity related to active transport. The cross-sectional study
described in this article is being conducted in a country
with one of the highest per capita levels of car owner-
ship in the world, with narrow roads and in a city with
cool and wet weather. These are all factors that may
influence the physical activity and transit decisions of
parents and children. Thus, New Zealand and the city of
Dunedin in particular, provide a unique context to
examine the correlates of active transport.
The strengths of this study include a 100% school

recruitment rate, a large representative sample of adoles-
cents and parents across one city with a heterogeneous
physical environment, comprehensive examination of
personal, social, environmental and policy correlates of
ATS, data collection across the three seasons (fall, winter
and spring) and objectively measured physical activity
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and built environment. The large study sample will
enable comparison of student and parental barriers and
facilitators for ATS across neighbourhoods stratified by
socioeconomic status and walkability, using both perceived
and objective measures of the built environment. In add-
ition, data from students and parental surveys will allow
examination and comparison of correlates of walking and
cycling to school from parental and adolescents’ perspec-
tives. Therefore, the BEATS Study will provide relevant
and timely data to examine correlates of ATS at all levels
of the ecological frameworks used in this study (figure 1).
Study limitations include cross-sectional study design, self-
reported travel data, data collection in one city and lack
of information on transport from school.

ETHICS AND DISSEMINATION
All participants will sign their own consent. Parents will
have an option to sign their consent either on paper
or online. For adolescents under the age of 16 years,
parental opt-in or parental opt-out consent will be
used on the basis of the school’s preference. Although
students will also have an option to sign their consent
online, each student will be required to sign a paper
version of the consent. The results will be actively dis-
seminated through reports and presentations to stake-
holders, individual reports to each participating school,
organisation of the symposiums for the local commu-
nity, scientific conference presentations and research
publications.23 In addition, the results will be dissemi-
nated through social media such as Facebook, profiled
on our research laboratory website and the BEATS
Study website, and presentations at health promotion
forums.
The BEATS Study will provide comprehensive baseline

data to evaluate school-based interventions in Dunedin
(eg, Cycle Skills Training and Bike Library in South
Dunedin). In the long run, data collected as a part of
the study will form comprehensive baseline data for a
natural experiment to examine changes in student and
parental perceptions of the built environment and ATS
as a result of on-road and off-road cycle infrastructure
construction in several Dunedin neighbourhoods (2014–
2017). Taken together, these findings will provide
important information for designing future school-wide,
neighbourhood-wide and city-wide interventions to
encourage active transport among adolescents and use
active transport as a means of increasing physical activity
in this age group. The BEATS Study findings will be rele-
vant to the local context and practices due to inclusion
of decisionmakers and other knowledge users on the
research team and a strong commitment to knowledge
exchange and mobilisation. The comprehensiveness of
the study will contribute to the advancement of scientific
knowledge and understanding of factors that influence
ATS in adolescents.

In summary, the BEATS Study will provide timely and
highly relevant information to understand individual,
social, environmental and policy factors that influence
ATS within the New Zealand context. The results will
provide valuable information for the schools, city coun-
cils, transport agencies and land planners and help
inform future changes to the built environment, school
policy development and city policy development. The
results will also inform health promotion efforts and
shape future interventions to promote ATS in New
Zealand adolescents and advance further the scientific
knowledge in this field.
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