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Abstract
Background:
Active transportation positively influences the physical and mental health of children and
adolescents. Research on active transportation to school suggests that the walkability of the built
environment can influence active transportation. Traditionally, active transportation within
children and adolescents has been measured using questionnaires and has focused almost
exclusively on the trip to school.
Objectives:
This thesis studied 10-13 year olds from Kingston, ON and the objectives were to 1) use
objective measures to describe children’s total active transportation and active transportation to
common travel destinations, and 2) examine the relationship between neighbourhood walkability
and children’s active transportation to different destinations.
Methods:
This was a cross-sectional study of 388 children and early adolescents (aged 10-13 years) from
Kingston, ON, Canada. Participants wore a Garmin GPS watch during waking hours for seven
consecutive days. GPS data was analyzed using the Personal Activity Measurement Location
System (PALMS) software which identified trips, the time spent in each trip and the trip
modality (walking, bicycle, or vehicle). GIS measures of connectivity, proximity to destinations,
and pedestrian infrastructure and safety were used to create a walkability index within a 1 km
travel distance of each participant’s home.
Results:
Mean time spent in active transportation was 11.0 minutes/day (95% CI: 10.6, 11.5). Time spent
in active transportation was higher for boys (12.4 minutes/day [95% CI: 11.8, 13.1]) than for
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girls (9.5 minutes/day [95% CI: 9.0, 10.1]) and increased from 8.6 minutes/day (95% CI: 8.0,
9.2) at age 10 to 15.4 minutes/day (95% CI: 14.4, 16.3) at age 13. Time spent in active
transportation was lower in the winter by comparison to the other seasons. The most common
active transportation destinations were the participant’s home, their school, and other people’s
homes. Those living in neighbourhoods in the highest walkability quartile spent an average of
16.2 minutes/day (95% CI: 14.9, 17.5) in active transportation while those in the lowest quartile
spent an average of 6.3 minutes/day (95% CI: 5.7, 6.8) in active transportation.
Conclusion:
Boys engaged in more active transportation than girls, active transportation increased with age
and winter was the season with the least active transportation. Home, school and other people’s
homes were the destinations with the most active transportation minutes. Those living in the
most walkable neighbourhoods accumulated nearly three times more active transportation than
those living in the least walkable neighbourhoods.
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Chapter 1
Introduction
1.1 Overview
Moderate-to-vigorous physical activity benefits children’s weight, cardiovascular and
metabolic risk factors, bone density, motor skills, fitness, mental health and academic
outcomes.1–4 One way that children and adolescents can accumulate moderate-to-vigorous
physical activity is through active transportation such as walking or cycling.5 Active
transportation positively influences the physical and mental health of children and adolescents.6,7
In Canada, 25% of children and adolescents aged 5-17 report that they use active transportation
to get to and from school.8,9 Traditionally, active transportation within children and adolescents
has been measured using questionnaires and has focused almost exclusively on the trip to school.
The recent availability of wearable Global Position System (GPS) loggers and Geographic
Information System (GIS) software allows for the objective measurement of active transportation
to all destinations.10,11
Research on active transportation to school suggests that the built environment can
influence active transportation.12–14 Built environment factors associated with increased active
transportation to school include measures of walkability such as how well streets connect to each
other,15 having a variety of destinations within walking distance,16 and safety features such as
traffic calming measures (e.g., speed humps) and pedestrian infrastructure (e.g., crosswalks,
sidewalks).14 These features can be summed in a walkability index to facilitate the study of
neighbourhood features as a whole.17 Understanding more about built environment factors that
impact travel behaviours outside of school could inform interventions to increase active
1

transportation and overall physical activity levels. Built environment characteristics can
influence large proportions of the population and have the potential to create sustained changes
in walking and cycling habits.18

1.2 Thesis Focus
This thesis aimed to describe active transportation behaviours as well as determine the
association between neighbourhood walkability and active transportation among a diverse
sample of 10-13 year olds from Kingston, ON. This age range was selected because children of
this age are old enough to complete all of the study measures (e.g., complete physical activity
logs and questionnaires) and because this is an important developmental milestone that
represents the transition from childhood into adolescence. The thesis contains two manuscripts
based upon these two aims: the first is descriptive and the second etiologic. Participants wore
GPS loggers for seven days and this data were used to determine when and how long they were
engaged in active and passive transportation activities. Walkability measures within 1 kilometer
of each participant’s home were obtained using GIS software.
Figure 1 outlines a conceptual diagram of the relationship between walkability and active
transportation among pre- and early adolescents explored in this thesis. The main relationship of
interest between the walkability index and active transportation to different destinations is
represented by the black arrow. The covariates of interest are broken down using a social
ecological model. These covariates could be confounders or moderators. At the family level,
socioeconomic status is comprised of parental education and family income while family
structure refers to the number of parents and children in the household. It has been hypothesized
that the built environment impacts children’s travel behaviour to and from school through
parental decision making which is moderated by sociodemographic factors such as age, sex and
2

socioeconomic status and mediated by both objective and subjective measures of safety.19 While
sociodemographic factors and traffic safety have consistently been associated with active
transportation to school, the same cannot be said for crime safety.13 Therefore it was not included
in this conceptual diagram.

1.3 Scientific and Public Health Relevance
Active transportation is of public health relevance because it influences health in children
and adolescents7,20 and is a way that young people can incorporate more moderate-to-vigorous
physical activity in their daily lives.21 In Canada, only 25% of children and adolescents report
using active transportation to get to and from school.8 In order to develop effective public health
policies and interventions to increase physical activity, key determinants of this behaviour must
be understood.22
The use of objective measures to capture active transportation to a variety of destinations
is important for surveillance purposes and providing an evidence base for health promotion
initiatives.23 This is currently a major gap in the active transportation literature that this thesis
aimed to address.8 This research also explored how urban design influences active travel in preand early adolescents. This information can be used to help urban planners and policy makers
make physical activity and active transportation a priority in cities.

1.4 Thesis Organization
This thesis is manuscript-based and conforms to the regulations as outlined by the
Queen’s University of Graduate Studies.24 Chapter 2 is a literature review examining the
relationship between the built environment and active transportation as well as their
measurement and limitations. The research component of this thesis consists of two separate
manuscripts. The first manuscript (Chapter 3) describes active transportation levels in 10-13 year
3

olds living in Kingston. The second manuscript (Chapter 4) is an etiologic study that examines
the relationship between neighbourhood walkability and objectively measured active
transportation to several different travel destinations. The fifth chapter summarizes the key
findings, provides an overall discussion of the strengths, limitations, and public health
implications of the research. Finally, several appendices are included at the end of the thesis to
provide the reader with additional methodological information that could not fit within the
manuscripts.
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Chapter 2
Literature Review
2.1 Introduction
The purpose of this literature review is to summarize existing research on active
transportation levels in school-aged children and adolescents and the influence of built
environment features, such as walkability, on active transportation. The chapter starts with an
overview of the health benefits of active transportation and the national and global prevalence of
active transportation. Next, the measurement of active transportation is discussed as well as the
many correlates of active transportation, including walkability. The chapter finishes with details
of the measurement of the walkability of a neighbourhood, limitations of the current literature
and the rationale for this thesis.

2.2 Key Definitions
Usually, a child is defined as a 5-11 year old and an adolescent as a 12-17 year old.1 Preadolescents refer to children aged 10-11 nearing adolescence. Youth can refer to adolescents and
young adults up to the age of 25. While my thesis research focused on pre- and early adolescents
between the ages of 10-13 years, the literature review includes studies that sampled school-aged
children and adolescents.
Active transportation describes “any form of human-powered transportation” such as
walking or cycling.2 Active transportation contributes to moderate-to-vigorous physical activity,3
which is the intensity of physical activity recommended to achieve maximal health benefits.4
The built environment refers to the physical environment that surrounds homes, schools,
and work, and includes the design and appeal of the neighbourhood, the distribution of
10

residential and retail space as well as the physical infrastructure of roads and paths.5,6 Built
environment features can be modified and have the power to affect travel behaviours. One aspect
of the built environment is walkability. Walkability can be explained as “the extent to which the
built environment is walking friendly.”7 Built environment features associated with increased
walkability include well connected streets,8 proximity to destinations such as schools and parks,9
higher population density10 and features that make it safer to engage in active transportation
(e.g., sidewalks, crosswalks, speed humps, low traffic volume).11
A GPS (Global Positioning System) logger is a device that uses the Global Positioning
System to track the geographic location of the user at timed intervals. The recorded data can be
stored within the tracking device. When imported into Geographic Information Systems
software, geographic locations from a GPS logger can be used to determine speed and distance
of movement and when different forms of active transportation occurred (e.g., walking, bicycle
or vehicle transportation).
Geographic information systems (GIS) refers to the computer-based software, hardware
and data that allows us to visualize, analyze, and interpret geospatial data to understand
relationships, patterns, and trends.12 GIS software is designed to display all forms of
geographically referenced information such as road networks, intersections, and road safety
features. In this thesis, GIS was used to capture information about the walkability of each
participant’s neighbourhood.

2.3 Active transportation and health in children and adolescents
Active transportation has been associated with health benefits in children and
adolescents. Primarily, utilitarian walking and cycling are associated with increased light and
moderate-to-vigorous physical activity levels.13–15 In addition to greater physical activity levels,
11

there is evidence that children and adolescents who walk to or from school have better waist
circumference and high-density lipoprotein cholesterol profiles than non-walkers.16 There is
conflicting evidence on the fitness benefits of walking to school; however, research has
consistently shown that regular cycling is associated with greater cardiovascular fitness.17 As
well as cardiovascular benefits, a 2014 study of Canadian adolescents found that those who
reported greater than one hour of cycling per week had a lower body mass index (BMI), waist
circumference, and total cholesterol/high-density lipoprotein ratio than those who reported
cycling less than one hour per week.13
In addition to physical health benefits, active transportation positively influences mental
health.18 It is hypothesized this may in part be due to additional time spent outdoors. Spending
time in natural environments is associated with decreased stress, improved attention in children
with Attention Deficit Hyperactivity Disorder and positive emotional well-being.19
Finally, there are environmental benefits of active transportation that can impact not only
the health of the individual engaging in the behaviour but also the health of others. Specifically,
replacing motorized travel with active transportation decreases gas emissions which are known
to reduce air quality, aggravate health problems, and contribute to climate change.20

2.4 Active transportation levels in Canada
Recent data shows that 25% of Canadian school-aged children and adolescents aged 5-17
reported using active modes of transportation for the main part of their journey to school whereas
58% reported using motorized modes of travel.21 This resulted in a grade of “D” on Canada’s
2016 ParticipACTION Report Card on Physical Activity for Children and Youth.22 Children
living in higher socioeconomic status families, in Eastern provinces, in rural areas or small cities
are less likely to engage in active travel to and from school.23 Longitudinal analyses indicate that
12

as children age, the likelihood of using active transportation to school increases, peaks at the age
of 10 years, and then decreases during adolescence.24 However, recent cross-sectional research in
Canada found that twice as many adolescents aged 16-19 reported walking greater than five
hours per week than their 12-15 year old counterparts; this may indicate that older adolescents
use active transportation to more non-school destinations.13 It has also been identified that
children and adolescents are more likely to walk home from school than to school. Specifically,
38% of elementary school students reported using active transportation to school and 47% home
from school; secondary school students reported 23% and 32%, respectively.25 This represents an
approximate 10% increase in active transportation in the afternoon, which may be due to time
constraints faced in the morning or the convenience of dropping off a child on the way to work.
When active transportation is further broken down into walking and cycling, walking is more
common than bicycling among young Canadians. Only 2% of children report cycling on the
main part of their trip to school.21 Due to these low bicycling rates in Canada, current studies tell
us little about factors associated with youth cycling behaviours and what might be done to
encourage more Canadian children and adolescents to cycle.26
While several large Canadian studies have examined active transportation to school, very
little is known about active transportation to other destinations. Some of the only data available
found that among 7-12 year olds in Canada and the United States, 28% reported walking or
cycling to someone else’s home at least three times per week and 21% walked or cycled to parks
or playgrounds at least three times per week.27 Expert groups have called for Canadian research
on active transportation trips to and from destinations other than school.22,28
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2.5 Active transportation globally
As with Canada, the most robust data available in most countries relates to active school
transportation.9 In a global study of 38 countries, children and adolescents in the Netherlands and
Zimbabwe reported the highest levels of active transportation: in the Netherlands 79% of
children and adolescents use active transportation to and from school and that number is greater
than 80% in Zimbabwe.29,30 Authors highlight that active transportation in most African
countries represents a necessity while in some European nations (e.g., the Netherlands, Finland)
it is a cultural norm.31 Conversely, children and adolescents in the United Arab Emirates and the
United States reported the least active transportation: 21% and 13% of children and adolescents
used active transportation to and from school respectively.32,33
Globally there has been a consistent decrease in active transportation to and from school
in recent decades. Declines have been seen in Australia (a decrease of 7 percentage points per
decade from 1971-2004), Brazil (a decrease of 16 percentage points per decade from 20022007), Canada (a decrease of 8 percentage points per decade from 1986-1996), Switzerland (a
decrease of 7 percentage points per decade from 1994-2005), the United Kingdom (a decrease of
6 percentage points per decade from 1975-2012) and the United States (a decrease of 8
percentage points per decade from 1969-2009).34 Research on children’s independent mobility,
defined as “the freedom of children to travel around their own neighbourhood or city without
adult supervision,”35 from 1971-2010 supports this trend. Parental restrictions on independent
mobility have increased over the past four decades, which would limit children’s active
transportation opportunities.36 In addition, since the 1950s there has also been a shift away from
small neighbourhood schools to large schools with larger catchment areas thus, on average,
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children now live farther away from their school.37 The distance to school is a strong correlate of
active transportation to school.38–41
While limited, there is some international data on active transportation to non-school
destinations. In a 2012 study, 9-10 year old British children reported on their active
transportation to visit family, friends, parks and shops.14 The majority of children were found to
visit family (75% reported car as the usual travel mode) and shops (43% reported car as the usual
travel mode) by car but visit friends in the neighbourhood (70% reported active transportation as
the usual travel mode) and the park (78% reported active transportation as the usual travel mode)
using active transportation. Active travel to school and non-school destinations were
significantly correlated; 66% of children who predominantly used active modes of travel to nonschool destinations also used active modes to school and 81% of children who typically used
inactive modes of transportation to non-school destinations also used inactive modes to school.14
Another study done via parental survey in the United Kingdom reported that the most common
walking destinations other than school were “shops” (20.4% of trips), just going for a walk
(16.2%), parks or playgrounds (14.1%) and friends’ houses (14.1%).42 A 2009 study in the
United States found that 52% of children and 56% of adolescents walked to the park at least once
per week and that 33% of children and 59% of adolescents walked to shops at least once per
week based on parental report.43 A study in China reported walking as the major travel mode for
approximately 50% of all leisure trips in children aged 10-12 based on self-report.44 In Belgium,
children 9-12 years of age self-reported 6.6 (±11.6) minutes per day of walking during leisure
time and an additional 5.1 (±7.7) minutes per day of active transportation to school.45
More research is needed on active travel to destinations other than school, especially in
the North American context.46 Furthermore, all the aforementioned active transportation
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information is based on self-report or parental report. This is problematic as self-reported
physical activity measures are subject to social desirability bias and recall error and are poorly
correlated with objective measures.47,48 As discussed in the next section, new technology
provides an opportunity to measure active transportation in an objective manner.

2.6 Measuring active transportation
Historically, questionnaires have been used to measure active transportation. These are
answered by children and adolescents or their parents and give the frequency of active travel to
different destinations. This method is problematic for several reasons.47,48 First, questionnaires
cannot measure activity intensity. This makes it hard to determine if the activity is contributing
to reaching physical activity guidelines, which emphasize the importance of moderate-tovigorous intensity physical activity. Next, questionnaires are subject to social desirability bias
and recall error limiting their validity. When compared to accelerometry, questionnaires have
been found to both overestimate and underestimate physical activity levels.47 Finally
questionnaires are subject to misclassification, which could result in under or over reporting of
the observed associations between the built environment and active transportation.
Recently, wearable Global Positioning System (GPS) loggers have been used to
objectively measure active transportation.49–52 The use of these devices provides information on
location and speed of movement for the duration of wear-time, which can be used in conjunction
with specialized GPS software, such as the Personal Activity Location Measurement System
(PALMS) software,53 to identify time spent in both active and passive travel. PALMS has been
validated as a method for processing GPS data to objectively measure time spent walking,
bicycling and in a vehicle in population studies.54 In comparison with a SenseCam (i.e., a camera
worn around the neck that takes multiple images every minute) in a validation study by Carlson
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et al., PALMS algorithms had a mean accuracy of greater than 85% and Intraclass Correlation
Coefficients of greater than .80 for classifying minutes/day in each trip mode. PALMS
overestimated minutes per day in vehicle by 14.7% and bicycling by 7.2% and underestimated
minutes/day of walking by 11.4% in comparison with the SenseCam.
While an improvement over questionnaires, there are challenges to using GPS to
objectively measure active transportation. First, GPS loggers may lose signal if blocked by
buildings affecting the accuracy of the coordinates recorded.55 In addition, the use of objective
measures may lose out on the context of the active travel, which may or may not be captured on
a questionnaire. For instance, parents have cited the convenience of dropping children off on the
way to work and the heaviness of their child’s backpack as reasons for driving their children to
school which may not be captured with these objective measures.40

2.7 Correlates of active transportation
Social-ecological models provide a framework to study the determinants of behaviours
such as active transportation. The core principles of a social-ecological model are that multiple
factors at four levels influence health behaviours, these influences interact across levels, and that
multi-level interventions should be the most effective in changing behaviour.56 Sallis et al.
adapted Bronfenbrenner’s ecological systems theory to apply it to four domains of active
living.57 The model first identifies the intrapersonal level which represents the individual; an
individual’s physical activity is influenced by their demographics, biological factors and
psychological factors such as knowledge, attitudes and skills. Second, interpersonal factors refer
to formal and informal social networks including the family and friends. Third, the behaviour
setting level characterizes the neighbourhood and features such as walkability, pedestrian or
cycling facilities, an urban versus rural setting and transit availability. The behaviour setting is
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made up of the information environment (e.g., mass media), the sociocultural environment (e.g.,
norms, culture and social capital) and the natural and physical environment (e.g., weather,
walkability). Finally, the policy environment level concerns government level decisions such as
zoning codes, development regulations and traffic load management.
Sallis’ ecological model can be used to break down the correlates of active transportation
in children and adolescents. At the intrapersonal level, gender (or biological sex) and age both
influence active transportation habits. Boys have increased odds of using non-motorized
transport to (OR: 1.60; 95% CI:1.10, 2.32) and from (OR: 1.55; 95% CI: 1.10, 2.38) school
compared with girls 58 and those in grade 12 have 23% (95% CI: 17-29%) decreased odds of
using active commuting to school compared to those in 9th grade.59 Race and ethnicity have not
been found to have an impact on active transportation in Canada60 but have been associated with
physical inactivity: youth who did not identify as Caucasian were 32% (95% CI: 20-45%) more
likely to report being physically inactive compared to those who identified as Caucasian.61
However, in the United States young people aged 5 to 18 identifying as “non-white” had 60%
(no confidence interval reported) greater odds of walking over the 2 day survey period than those
who identified as “white”.62
At the interpersonal level, in the case of children and adolescents, families play a big role
in physical activity choices: parental modelling can increase active transportation habits63 while
parental limits on children’s independent mobility can decrease active transportation.36 In
Canada, children and adolescents living in higher socioeconomic families and families with two
or more cars in their household are less likely to engage in active transportation to and from
school.60 Children living in families that are “not very well off” are 14% (95% CI: 0-26%) more
likely to use active transportation than those identifying as “very well off.” Young people from
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families with two or more cars in the household are 15% less likely (95% CI: 3-27%) to engage
in active travel to and from school compared to young people from families with 0 cars in the
household.60 Family structure (e.g., number of children, number of parents) and parental
employment status are thought to be related to active transportation but have not been found to
be significant covariates when looking at self-reported active transportation as an outcome.60
At the environmental level, a 2015 systematic review found that children and adolescents
living in areas with a high walkability (e.g., high connectivity, density, diversity and safety
features) are more likely to use active transportation to school.46 In 2010, it was also found that
more children report using active transportation in urban communities (33%) than in rural
communities (13%) in Canada.23 The relationship between the built environment and walkability
will be discussed in more detail in the next section.
Finally, at the policy level, policies and incentives to promote mixed-use development
(i.e., interspersed residential and commercial zoning), compact town centres, and pedestrian and
cycling networks in a city can increase active transportation.64 In California, legislation that
provided competitive funds for construction projects such as sidewalks, traffic lights, pedestrian
crossing improvements and bicycle paths found that 15% of children who passed by these
projects increased active transportation use to and from school (compared to 4% who did not
pass the project, p<0.1).65
Recent literature reviews have shown that distance to school (both perceived and
objectively measured distance) is the greatest barrier to active transportation to and from
school.9,66 Distance to school is influenced by environmental factors such as the presence of
multi-use paths and dead end streets, as well as urban planning policies such as limiting block
lengths or prioritizing cycling infrastructure and all of these factors have been found to work
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together to influence travel modality.64 It has been hypothesized that urban form impacts
children’s travel behaviour to and from school indirectly through parental decision making which
is mediated by safety (both real and perceived) and household transportation options and
moderated by social and cultural norms, parental attitudes and sociodemographic factors (i.e.,
age and sex).67 While changes can be made at all levels of influence,68 interventions and policies
to improve the built environment are appealing as they provide the opportunity for sustained
impact on entire populations and can influence behaviours directly and indirectly by influencing
self-efficacy, attitude, subjective norms and perceived behavioural control or intention.69
When discussing the correlates of active transportation, it is also important to consider
that the limited evidence available suggests that the correlates of walking differ from those of
cycling. Unfortunately, in North America cycling to school (and likely other destinations) is
uncommon among children and adolescents and correlates of cycling have not been widely
investigated. Carlson and colleagues’ 2015 cross-sectional study of active transportation among
12-16 year olds in Baltimore, MD and Seattle, WA in the United States found that age was
associated with cycling minutes: each year increase in age was associated with a 15% increase
(95% CI: 0-33%) in bicycle time.49 This study found no association with race and household
income and cycling or walking time but did find a relationship between number of household
vehicles and walking (77% less walking for every additional vehicle 95% CI: 65-92%). However
new research in Toronto, Canada is promising: a cross-sectional survey found that although only
2-3% of children report cycling to or from school approximately 40% would prefer cycling as
their usual mode of transportation.70 The built environment’s association with cycling minutes
will be discussed in the next section.
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2.8 The built environment and walkability
Previous research of primarily adult populations indicates that a walkable built
environment may facilitate active transportation and overall physical activity.71 Several factors
contribute to the walkability of a neighbourhood such as connectivity of the streets, proximity to
destinations (e.g., stores, parks, restaurants, etc.), and pedestrian and cyclist safety. The
following several paragraphs provide definitions of these different walkability features and
discuss how they relate to active transportation.

2.8.1 Connectivity
Connectivity refers to the number of and directness of route options for travel on
streets.72 A higher connectivity corresponds to a more direct path between destinations making
for more efficient transportation and destinations that are more likely to be within a comfortable
walking distance. Connectivity can be determined using measures such as the length of roads
within an area, intersection density (i.e., number of intersections per square kilometre of road),
average block length and the connected node ratio (i.e., ratio of intersections to all nodes
including cul-de-sacs). Figure 2.1 demonstrates the difference between a highly connected
neighbourhood and a neighbourhood with low connectivity. The street network is shown with the
black lines and park space in green. Panel A is an example of neighbourhood with low
connectivity (e.g., low intersection density, high density of cul-de-sacs and dead ends) and Panel
B is an example of a highly connected neighbourhood (e.g., high intersection density, low
density of cul-de-sacs). Both panels represent an area with a 1 km radius.
Road length or density is the distance of streets per area of land. A higher number
indicates more streets, and therefore higher connectivity.73 Conflicting evidence has been found
for the effect of road length on active transportation in children and adolescents. Road length has
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been found to be bivariately associated with a 32% (95% CI: 15-46%) increase in active
transportation among children and adolescents aged 11-15 but the relationship was not found in
the multivariate model considering other aspects of connectivity.60 In a cross sectional study of
children aged 9-10 years of age, the odds of walking to school among those living in
neighbourhoods with the highest road density were 3.22 (95% CI: 2.09, 4.94) times the odds of
walking to school among those living in the lowest density.74 However, there were no significant
effects of road density on the odds of cycling to school.
Intersection density is measured as the number of intersections per unit of area: a higher
number indicates more intersections and therefore higher connectivity.8 To date, there are mixed
findings on the relationship between intersection density and active transportation in youth. In a
study of 690 adolescents aged 12-16, for every increase in 20 objectively measured intersections
per square kilometre around the participant’s home, objective walking time increased 22% (95%
CI: 4-43%) and cycling 30% (95% CI: 6-60%) after adjusting for demographics.49 However
there was no association between GIS-measured intersection density and self-reported active
transportation to school among 9-10 year olds in the United Kingdom74 or among 11-13 year
olds in Canada.58,75
Average block length is the length of roads divided by the number of intersections;
shorter blocks mean more intersections and, therefore, shorter travel distances and a greater
number of routes between locations.8,73 It has consistently been used as a measure of
connectivity in children’s physical activity research60,61,76 yet its relationship with active
transportation is unclear.11 A cross-sectional study of 11-13 year olds in Canada found a
moderate effect of block length: smaller block length was found to encourage walking to school
in the morning (OR: 1.05; 95% CI: 1.00, 1.09).75
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A connected node ratio is the ratio of intersections to all nodes including cul-de-sacs and
measures the impact of cul-de-sacs and dead ends on connectivity. A score close to 1 indicates
few cul-de-sacs or dead ends while a score closer to 0 indicates the opposite. The density of culde-sacs and dead-ends have been associated with increased total physical activity; however, their
relationship with active transportation is unclear. Low levels of objectively measured
neighbourhood dead-ends have been associated with increased walking to school among grade 68 students (adjusted OR for high density of dead-ends versus low density: 0.28, p<0.05).40 In
contrast, neighbourhoods with less cul-de-sacs have been associated and an increased risk of
physical inactivity (highest quartile of cul-de-sacs vs lowest RR: 1.32, 95% CI: 1.07,1.60) among
children and adolescents aged 11-15.61 It has been hypothesized that this positive relationship is
due to other types of physical activity such as outdoor active play.

2.8.2 Proximity to destinations
Neighbourhoods that support active transportation provide shorter distances to a diverse
number of frequently travelled destinations.9 Proximity to destinations is a function of both
population density and mixed land use.77 Mixed land use refers to having a variety of land uses
(e.g., residential, commercial, institutional) within a neighbourhood and has been associated with
children walking to school when examining perceived as well as objective measures of the built
environment.46 This neighbourhood measure can be quantified in a variety of ways including
Walk Score®, distance to school and population density.
The Walk Score® application (https://www.walkscore.com/) provides a summary score
that conceptualizes proximity to destinations from an address. Walk Score® is a composite
measure of accessibility to a variety of amenities in 9 different categories such as grocery stores,
restaurants, shopping and schools, which are weighted according to their proximity and
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importance. As Walk Score® is used for individuals of all ages, it gives a lower weight to schools
compared to grocery stores, restaurants, shopping locations and coffee shops.78 The distance to a
location, counts, and weights determine a base score of an address, which is then normalized to a
score from 0 to 100. After this, the score may be adjusted to take into account poor connectivity
metrics, such as having long blocks or low intersection density.78 The Walk Score® has been
shown to be a reliable and valid measure of estimating access to walkable amenities.79,80 In
addition, strong correlations between Walk Score® and residential density (r=0.76, p<0.001) as
well as several measures of connectivity such as road density (r=0.74, p<0.001), intersection
density (r=0.81, p<0.001) and average block length (r=-0.32, p<0.001) have been found in a
validation study.79 A pilot study using Walk Score® as a measure of walkability found a
relationship between Walk Score® ratings around the home and active transportation to school
among those in 7th grade in Ottawa, ON, Canada (OR: 1.12; 95% CI: 1.03,1.21) but not among
students in the 6th grade.81
Population density is the total number of residents divided by land area and reflects both
access to and a diversity of destinations. It has also been represented by residential density (i.e.,
number of residential units per unit of land) in active transportation research.11 A 2011
systematic review of GIS-measured correlates of children and adolescents’ active
transportation11 found positive associations between population density and active transportation
in studies conducted in North America58,82–84 and null associations in those conducted in
Switzerland85 and Taipei.11,86 More recently, a study of adolescents aged 12-16 in the United
States, found that an increase in 10 objectively measured housing units per parcel was associated
with a 40% (95% CI: 2-92%) increase in objectively measured walking time but no association
was seen with cycling.49

24

Distance to school refers to the distance from home to school along the street network.
The evidence concerning the relationship between distance to school and children and
adolescents’ active transportation overwhelmingly points to a negative relationship: the farther a
child lives from school the less likely he or she is to use active transportation to
school.40,58,74,75,84–87 Wong et al., concluded in their systematic review that these studies provide
“convincing if not conclusive evidence” that increasing distance is negatively associated with
active transportation to school.11 In Toronto, ON, Canada, Mitra et al., found that a 1 km
decrease in distance increased the odds of walking by 71% (95% CI: 67-75%) among children
and adolescents aged 11-13.75 In various cities across New Zealand among children and
adolescents aged 7-15, those living less than 700m from school had a 98% (95% CI: 90-100%)
increase in odds of using active transportation to school compared to those living greater than 2
km from school.88 It should be noted that one study in California, United States84 found a
negative association between distance to school and active transportation to school only when
the trips were shorter than 1.6 km and no association was found when the trips were longer than
1.6 km, indicating that this relationship may plateau after a certain distance. In addition to these
studies that considered self-reported active transportation, a study of Portuguese adolescents
aged 14-18 using objective measures of active transportation found that for each additional
kilometre in trip distance there was a 68% (95% CI: 37-84%) decrease in the odds of active
commuting in boys and a 90% (95% CI: 75-96%) decrease in odds of active commuting in
girls.51

2.8.3 Safety features
Within the context of walkability, safety refers to pedestrians and bicyclists being
protected from automobile traffic. Safety measures are often excluded from built environment
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analyses because these variables are not widely available in existing GIS datasets.10 However,
they represent a more cost effective way of making changes to the current infrastructure that do
not require physical restructuring of streets.89 In addition, the influence of safety on active
transportation may be different for children and adults: children and adolescents’ transportation
choices may be more strongly influenced by traffic safety concerns, especially for younger
children.9 Overall, safety features have been positively associated with active transportation to
school.46 Safety features can be broken down into pedestrian infrastructure, traffic volume and
traffic calming measures.
The availability of pedestrian infrastructure refers to the presence of sidewalks and paths
or bike trails in a neighbourhood. A 2015 systematic review provides evidence of a positive
relationship between self-reported neighbourhood sidewalks and paths and walking to school;
however, there is not sufficient evidence to support a similar association for biking.46 In Seattle,
WA, United States the odds of actively commuting to school among those aged 5-18 in the top
50% of sidewalk availability were 2.5 (95% CI: 1.30, 4.67) times higher compared to those
living in the bottom 50%.83 There is mixed evidence on the relationship between objectively
measured availability of sidewalks and paths and active transportation in children and
adolescents.11 A Gainesville, FL, United States study of children in grades K-12 found that
sidewalk coverage was positively associated with school trips by walking but not by biking.90
However, this relationship was not seen in a study of children and adolescents aged 11-13 years
in London, ON, Canada.58
Traffic volume is a measure of traffic exposure. While there is evidence of a possible
relationship between traffic volume and active transportation, there have been conflicting
results.46 In Australia, the odds of using active transportation at least 3 times per week among
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boys aged 5-6 whose parents believed there was heavy traffic in their area were 2.8 times (95%
CI: 1.1, 6.8) the odds among those whose parents did not believe there was heavy traffic but no
effect was seen in any other age group or in girls.38 As traffic volume in this study was selfreported by parents, it was hypothesized this effect was due to a greater awareness of traffic
conditions among parents whose children were engaging in active transportation. Results are also
mixed with regards to objective measures of traffic volume and its effect on active
transportation.11 In Australian children and adolescents aged 10-13, a 1-unit increase in ratio of
high speed roads around schools was associated with a 2.5% reduction in the percentage of the
afterschool period spend in moderate-to-vigorous physical activity (95% CI: -4.9%, -0.2%;
p=0.036); however, no significant association was found on the proportion of trips made by
active modes.91 Finally, Giles-Corti et al. found that traffic volume was associated with active
transportation in children and adolescents ages 10-13 in Australia. In walkable neighbourhoods
(i.e., high street connectivity) low traffic volume was associated with increased regular walking
to school (OR: 3.63; 95% CI: 2.01, 6.56).92
Traffic calming measures refer to obstructions or signage intended to slow traffic. This
includes speed humps, crosswalks and a variety of signs (e.g., children playing, 4-way-stop).
Speed humps have been associated with an increase in moderate-to-vigorous physical activity
after school for boys (B=0.23, p<0.05) and in the evening for girls (B=0.15, p<0.05) and
therefore may impact active transportation habits.93 There is mixed evidence concerning
crosswalks: the presence of crosswalks in Amsterdam, Netherlands did not predict active
transportation94 however in Toronto, ON, Canada both pedestrian crossovers (Incident Rate
Ratio = 1.32; 95% CI: 1.01-1.72) and crossing guards (IRR = 1.14; 95% CI: 1.07-1.21) increased
the odds of active transportation.95 It has been acknowledged that it is important to identify
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further traffic calming features of the built environment that have not yet been examined as few
studies have looked to examine this construct using GIS derived variables.11

2.9 Walkability index
A walkability index can be created to combine multiple aspects of walkability into a
single construct measure. This makes the concept of walkability easier to interpret and helps
address issues of multicollinearity when multiple individual walkability measures are included in
a model. There is a current lack of a standardized objective walkability index in both
transportation, planning and urban design literature96 and in the epidemiological active
transportation literature.11 Furthermore, the measures that are included in a walkability index
could be different in adults vs. children and adolescents. To reduce the number of objective built
environment variables from GIS into a composite score, factor analysis,97 principal component
analysis98 and a composite z-score (created by adding z-scores of individual walkability
measures) have been used.10,83 Factor analysis and principal component analysis can help address
collinearity; however, they may inadvertently rule out factors that explain travel choice.97 In
addition, factor analysis of children’s walkability may result in multiple factors as not all
elements of walkability are correlated, notably safety features.84 Frank and colleagues chose to
implement a composite z-score to help isolate urban form from sociodemographic factors that
may influence travel patterns; however, they only considered four measures of walkability.10
A walkability index is commonly used in active transportation literature as a way to
combine objective measures of the built environment and has been shown to be associated with
active transportation.10,45,61,63,83,92 In a 2015 systematic review of objectively and subjectively
measured built environment features and their relation to active transportation in children aged 612, D’Haese et al. found a walkability index composed of residential density, intersection density
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and land use mix was positively associated with active transportation to school.46 Individually,
there was not enough evidence for these measures alone to suggest a positive relationship with
active transportation to school. In a 2006 study of children and adolescents aged 5-18 a
composite z-score comprising net residential density, retail floor area ratio, intersection density
and land use mix was used. Students who lived in a neighbourhood with a higher walkability
index were more likely to actively commute to school once per week (odds ratio of actively
commuting in the top versus bottom tertile of walkability index: 2.7 95%; CI: 1.29, 5.79), with
residential density (odds ratio of actively commuting in the top versus bottom tertile: 3.2 95%;
CI: 1.44, 7.30) being the component of the index most related to active commuting. Alone,
mixed land use and intersection density were not related to active commuting.83 As evidenced by
this literature, the use of a walkability index allows for the capture of a variety of features of the
built environment which alone may not predict active transportation habits.

2.10 Limitations of the current literature
There are limitations to the current literature linking walkability and active transportation
in children and adolescents. In a recent systematic review of the association between the physical
environment and active transportation in children and adolescents,45 only 32 of 65 studies used
objective measures of the built environment to determine walkability. While accelerometers and
GPS loggers have been used to study outdoor physical activity,91,99,100 only one study to date has
used objective measures of both the built environment and physical activity to study active
transportation.49 This is problematic as objective and subjective measures of physical activity are
poorly correlated47 and findings often differ when subjective measures are used as those who use
active transportation may perceive their environment differently than those who do not.101 In the
same systematic review, only four studies identified were longitudinal in design while the rest
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were cross-sectional. The majority of studies (n=35) have been conducted in North America and
only two have been conducted in developing countries. Only 12 of 65 studies included active
transportation to non-school destinations.

2.11 Definition and Measurement of a Neighbourhood
Children and adolescents perceive and interact with their neighbourhood differently than
adults. Young people may be affected by the built environment differently than adults
particularly with respect to mobility, as many cannot yet use a vehicle as their primary mode of
transportation and may be restricted to active transportation and the use of public transit. Many
children and adolescents may also have limited or no independent mobility within their
neighbourhood due to parental safety concerns. For the purposes of urban form research in
children and adolescents, a neighbourhood is often defined as approximately 1 km from their
home, which can be travelled in a 10 to 15 minute walk or a 5 minute bicycle ride.102
Objective studies of walkability and active transportation (or other behavioural and health
outcomes) have defined neighbourhood boundaries using a variety of approaches. Early studies
defined an individual’s exposure to the built environment by administrative regions such as
census tracts.83,103–105 In these studies all participants residing in the same census tract would be
assigned to the same neighbourhood, irrespective of the size of the census tract and where they
lived in that census tract. This method may not truly represent a relevant geographic context for
the individual because some census tracts cover a large geographic area and/or because they may
live near the border of their census tract and spend much of their time in another. Another
approach to define a participant’s neighbourhood is to define it around their home by creating a
unique buffer where the centre point is the home address. In this situation, the neighbourhood
would be different and unique for each participant. Two kinds of buffers have been used in the
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literature: circular and road network buffers. A circular buffer is simply a uniform distance
around the centre point of the buffer.106–108 In contrast, a road network buffer is based on travel
distance from the participant’s home along streets. A network buffer is more complicated to
construct, but it has been shown to more accurately reflect walking or cycling habits in
adults.109,110 There are limitations in using network buffers with children and adolescents; they
may not accurately represent their active transportation habits as they are limited by road and
pedestrian networks and would not capture walking through a park, school yard, parking lot,
vacant lot, etc.111 Figure 2.2 demonstrates the difference between a circular and road network
buffer. The road network buffer is represented by the grey area and the circular buffer
encompasses both the white and gray areas. The home is represented by the red cross in the
centre of the circle.
In addition to the type of buffer used, consideration should also be given to the size of the
buffer. Unfortunately, there is no consensus as to what buffer size is most appropriate. A 2011
systematic review of GIS measured environmental correlates of active transportation in youth
found buffer sizes that varied from 500 m to 1.6 km.11 Buffer construction should correspond
with children’s active transportation. For example, network buffers of 800 m and 5000 m from
the participant’s home address have been used to represent a 10 minute walk or a 15 minute bike
ride, respectively.112 Both circular 83,113 and network 62,114 buffers of 1 km have commonly been
used in active transportation research in children and adolescents. A network buffer of 1 km
approximately represents the independent mobility of a 10-12 year old and has been shown to
demonstrate the strongest relationship between food retail environments and eating
behaviours.102,115
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2.12 Study Rationale
As previously highlighted, there is a need for objective measures in active transportation
and built environment research. In addition, there is a current lack of information on active
transportation to destinations other than school. This thesis will give a more accurate picture of
active transportation habits in Canadian children. Further, those habits will be related to the built
environment in a way that allows for infrastructure and policy recommendations aimed to
increase physical activity in children.
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Figure 2.1 Neighbourhood connectivity

Figure 2.2 Comparison of a 1km circular and road network buffers around a house
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Chapter 3
Objectively measured active transportation to school and other
destinations among 10-13 year olds
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3.1 Abstract
INTRODUCTION: Descriptive data on active transportation in children focuses on the trip to
school and has relied on subjective reports. The purpose of this study was to use objective
measures to describe children’s total active transportation and active transportation to common
destinations.
METHODS: This was a cross-sectional study of 388 children and early adolescents (aged 10-13
years) from Kingston, ON, Canada. Participants wore a Garmin GPS watch during waking hours
for seven consecutive days. Personal Activity Measurement Location System (PALMS) software
used the GPS data to identify trips, time spent in each trip and the trip modality (walking, bicycle
or vehicle). Google Maps software was used to identify the destination of each trip.
RESULTS: A total of 8,875 trips were identified. Most (69%) trips were made by vehicle; 25%
were made by walking and 6% by bicycle. Mean time spent in active transportation was 11.0
minutes/day (95% CI: 10.6, 11.5). Time spent in active transportation was higher for boys (12.4
minutes/day [95% CI: 11.8, 13.1]) than for girls (9.5 minutes/day [95% CI: 9.0, 10.1]) and
increased from 8.6 minutes/day (95% CI: 8.0, 9.2) at age 10 to 15.4 minutes/day (95% CI: 14.4,
16.3) at age 13. Time spent in active transportation was lower in the winter by comparison to the
other 3 seasons. The three most common active transportation destinations were the participant’s
home, school, other people’s homes, and parks or greenspace with 69%, 39%, 37% and 32% of
participants walking or bicycling to these destinations at least once over the week-long
measurement period.
CONCLUSION: Over 65% of trips made and time spent travelling occurred in a vehicle. When
active transportation was used, the most common destinations were home, school, other people’s
homes, and parks.
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3.2 Introduction
Physical activity benefits children’s weight, cardiovascular and metabolic risk factors,
bone density, motor skills, fitness, mental health and academic outcomes.1–5 Active
transportation, such as walking or cycling, can be an important source of physical activity.6–9
Active transportation research among young people has focused on the trip to school. This
research indicates that there has been a global decline in active transportation to school in recent
decades,10 and that the proportion of students who actively commute to school varies greatly
across countries (e.g., 80% in Zimbabwe to 13% in the United States).11,12
Because previous research has focused on travel to school, children’s active
transportation habits to other destinations that make up the majority of their trips are largely
unknown.13 Furthermore, existing research has relied upon self- or parent-reported active
transportation data.14 Objectively measured data and research on a broader range of destinations
is needed to provide evidence for future health promotion initiatives. The recent availability of
wearable Global Position System (GPS) loggers and Geographic Information System (GIS)
software for the measurement of active transportation provides an opportunity to address these
research gaps and limiations.9,15,16
The purpose of this study was to use objective measures to describe total active
transportation and active transportation to common travel destinations among a sample of 10-13
year olds from Kingston, ON, Canada. Consideration was given to the age and sex of the
participants, the season in which active transportation was measured, and the travel mode (i.e.,
walking, bicycle, or vehicle).

3.3 Methods
Study Participants
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The study was based on a cross-sectional sample of pre- and early adolescents who
participated in the Active Play Study. To be included, children had to be 10-13 years old and live
and attend school in Kingston, ON, Canada. Children were excluded if they were not ambulatory
or English or French speaking. A sample of 230 boys and 228 girls were recruited from the
~5,000 children aged 10-13 who live in Kingston (2011 Census).17 Data were collected between
January 2015 and December 2016 and was balanced across the four seasons. Participants were
recruited within each of the city’s 12 electoral districts in proportion to the population of children
in each district.17 Economic, social and physical attributes are similar within each electoral
district but vary considerably across the districts. Recruitment strategies included distributions of
study posters (example provided in Appendix A), social media, and word of mouth. Children
were compensated $40 for completing the study. Participants and a parent/guardian provided
informed consent (Appendix B). The study was approved by the General Research Ethics Board
at Queen’s University and the Queen’s University Health Sciences Research Ethics Board
(Appendix C).
Active Transportation Data Collection and Cleaning
Participants were provided with verbal and written instructions on how to wear a Garmin
Forerunner 220 GPS watch (Garmin Ltd., Schaffhausen, Switzerland) and how to charge the
watch overnight (Appendix D). Participants wore the watch for 7 consecutive days. They were
instructed to put on the watch shortly after waking, to turn on the GPS logger function, and to
continue wearing the watch until bedtime, at which time they charged the watch. The watch
continuously recorded their longitude and latitude coordinates.
The GPS data were downloaded from the watch using Garmin Connect software (Garmin
Ltd., Schaffhausen, Switzerland) and then exported to the Personal Activity and Location
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Measurement System (PALMS) software.18 PALMS identified trips based on sequential GPS
points spanning ≥100 m with a speed ≥ 1 km/h over ≥ 3 minutes in duration. The software
allowed for pauses in travel of up to 3 minutes to account for traffic lights and other brief stops.
After trips were identified, PALMS classified the travel modality of each trip as vehicle, bicycle,
or walking based on travel speed. Trips with a 90th percentile of speed ≥25 km/h were classified
as vehicle trips, trips with a 90th percentile of speed ≥10 km/h and <25 km/h were classified as
bicycle trips, and trips with a 90th percentile of speed ≥1 km/h and <10 km/h were classified as
walking trips. PALMS is a validated method for processing GPS data to objectively measure
time spent in different transportation modes.19 In comparison with a SenseCam (i.e., a camera
worn around the neck that takes multiple images every minute), PALMS had a mean accuracy of
>85% and Intraclass Correlation Coefficients of >.80 for classifying minutes/day in each trip
mode. PALMS overestimated minutes per day in vehicle by 14.7% and bicycling by 7.2% and
underestimated minutes/day of walking by 11.4% in comparison with the SenseCam.
After the PALMS software identified the trips and the modality of each trip, we used
Google Fusion Tables (Google, Mountain View, CA) to visually inspect the GPS points of each
trip to remove “false trips” and identify the destination of each trip. The false trips represent false
positives (i.e., trips identified by PALMS that reflect other movements such as outdoor play in
the school yard). At the expense of minimizing false negatives, several false positive trips are
identified by the software. A detailed protocol was developed to identify and delete these false
trips (Appendix E). In brief, Google Fusion Tables allowed the research team to view each trip
individually as GPS fixes on a map. Trips that were identified by PALMS that occurred solely
within a specific location (e.g., the school yard at recess) were classified as false trips and were
deleted during the cleaning process; 6,595 trips were deleted in this process.
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During the cleaning process we identified the destination of each trip by examining the
end of each trip using satellite and street view images in Google Maps (Google, Mountain View,
CA). Destinations were initially categorized based on an extensive list (Appendix E); however,
during the statistical analyses we merged several of these destinations due to the infrequent
number of trips to many of them. Trip destinations were ultimately categorized based on the
descriptions provided in Table 3.1. Note that trips to school were categorized based on the
date/time of travel and whether or not it was the participant’s school. Trips to school in the
morning on school days were categorized in the “school” category. Trips leaving school in the
afternoon at the end of the school day were captured in the “home” destination or wherever the
participant travelled after school. Trips to school on non-school days, during the middle of the
school day (e.g., field trips, leaving school property at lunch), and after school hours (e.g.,
returning to school for an event) were categorized as “school day trips and trips to school for
non-curriculum purposes.” This was done to be able to differentiate between the primary journey
to school and other trips.
Note that trips with the same starting and end destination, such as hikes or walking
around the neighbourhood, were also removed during the cleaning process as they were
considered walking or bicycling for leisure rather than active transportation to a specific
destination.
Next, the data were imported into SAS 9.4 statistical software (SAS Institute, Cary NC)
for further processing and to calculate the number of minutes of active transportation. During
this process we deleted data from days with <10 hours of GPS data (i.e., invalid days) and
participants with <4 valid days. This step is consistent with data processing done with
accelerometer measures of physical activity.20,21 Seventy (15%) participants were lost during this
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step. The SAS program then determined the total number of trips, the total duration of each trip
(based on the times that the GPS points of the trip start and end points were recorded), and total
daily time spent in trips separately by trip modality and destination.
The reliability of the active transportation measures was determined on a subsample of 48
participants (balanced across age, sex and seasons) who underwent the same GPS measurement
protocol on two separate occasions separated by a few days, and who had at least one valid day
(i.e., >10 hours) of GPS data. The reliability of the protocol used to clean and process the GPS
data and identify trip destinations was determined by repeating all data cleaning and processing
steps for the GPS data collected in week 2 for these same 48 participants. The intra-rater
reliability was carried out by having the same individual clean the data twice separated by six
months. The inter-rater reliability was determined by having a second individual clean and
analyze the data. Mean daily active transportation times were consistent across all three cleaning
scenarios: 14.8 (95% CI: 12.3, 17.3) minutes for the initial cleaning by observer 1, 15.9 (95% CI:
13.5, 18.3) for the second cleaning by observer 1, and 14.7 (95% CI: 12.7, 16.8) for the clean by
the second observer. Intra-rater percent agreement for destinations was 90% and inter-rater
agreement was 88%.
Sociodemographic and Covariate Data
Sociodemographic characteristics including age, sex, and race of the participant
(Caucasian, other), family structure (number of parents and siblings in the household), family
income, and parental education were obtained from a parent survey. Season of participation was
categorized based on equinox and solstice dates. The body mass index (BMI) was calculated
based on measured heights and weights and the World Health Organization BMI growth
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references were used to categorize participants as having non-overweight (thin + normal),
overweight or obese.22

3.4 Statistical Analysis
Data were analyzed using SAS 9.4 statistical software. Transportation behaviours were
presented for all trips and for trips made to different destinations in two ways: the number of
trips made using different travel modes and average daily time spent traveling using different
travel modes. An initial examination of the data revealed that 10% of participants did not have
any active transportation trips and that the active transportation data could not be transformed to
follow a normal distribution. Therefore, a two-part modelling strategy was used to estimate
average minutes of active transportation for each destination. This is a strategy commonly used
for health-care cost data which is similarly distributed23,24 In the first part, logistic regression was
used to model the probability of the presence of any active transportation minutes according to
age, sex and season. In the second part, a generalized linear model was used to model the
relationship between age, sex and season and active transportation minutes in those participants
who engaged in any active transportation. To fit this model the proc genmod procedure was used
with a logarithmic link function and gamma distribution. All models were adjusted for age, sex
and season. Other covariates were entered in the model using backwards selection methods and
were retained based on a significance level of p<0.05 in either the logistic regression or general
linear model. The mean daily level of active transportation was calculated by multiplying the
estimates from the two models together. 95% confidence intervals for the means were calculated.
ANOVA and Bonferroni post hoc comparison tests were used to compare active transportation
by age, sex, and season for destinations with greater than 1 minute of average daily active
transportation.
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3.5 Results
Descriptive Characteristics
Characteristics of the 388 participants are in Table 3.2. By design, approximately half
were boys (51%) and participants were evenly distributed across ages and seasons. The majority
were white (87%) and lived in a dual parent household (86%).
Proportion of Trips Made Using Active Transportation
After removal of 6,595 false trips during data cleaning, a total of 8,875 trips remained.
Most (69%) of these trips were made by vehicle; 25% were made by walking and 6% by bicycle.
Thirty-eight (10%) participants did not have any active trips and 249 (64%) did not have any
bicycle trips.
Table 3.3 provides information on trips to different destinations. The most common
active travel destinations were the participant’s own home, their own school, other people’s
homes, and parks or greenspace with 69%, 39%, 37% and 32% of participants walking or
bicycling to these destinations at least once over the week-long measurement period.
Approximately 65% of all active transportation trips were made to one of these four destinations.
Fewer than 25% of participants made an active transportation trip to a store, restaurant,
recreation facility, community centre, place of worship, or arts or entertainment venue and <25%
of trips to these locations were made using active transportation.
Time Spent in Active Transportation
On average, participants spent 11.0 minutes/day (95% CI: 10.6, 11.5) participating in
active transportation. The average daily time spent walking and bicycling for travel were 8.8
minutes/day (95% CI: 8.5, 9.1) and 2.3 minutes/day (95% CI: 2.1, 2.4), respectively. This is in
contrast with a mean of 40.1 minutes/day (95% CI: 37.6, 42.6) of vehicle travel. The
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participant’s own home was the destination with the highest minutes of active transportation with
a daily average of 3.7 (95% CI: 3.6, 3.9) minutes, followed by school to start the school day (2.1
minutes [95% CI: 2.0, 2.2]) and other people’s homes (1.1 minutes [95% CI: 1.0, 1.1]). Mean
minutes/day of active transportation was <1 minute for all other destinations.
Table 3.4 shows the average daily minutes of active transportation to destinations with a
mean >1 minute/day according to age, sex and season. Mean daily minutes of active
transportation for boys (12.4 minutes/day [95% CI: 11.8, 13.1]) was significantly higher than for
girls (9.5 minutes/day [95% CI: 9.0, 10.1]). Time spent in active transportation increased from a
low of 8.6 minutes/day (95% CI: 8.0, 9.2) at age 10 to a high of 15.4 minutes/day (95% CI: 14.4,
16.3) at age 13. Time spent in active transportation was lower in the winter by comparison to the
other 3 seasons, and lower in the fall than in the summer (Table 3.3). Similar patterns to those
described for total active transportation were observed for active transportation to the most
common active transportation destinations (Table 3.3).

3.6 Discussion
This study objectively measured active transportation levels and destinations among a
sample of 10-13 year olds from Kingston, ON. Overall, 10% of participants did not have any
active transportation trips over the course of a week and only 37% of trips were made using
active transportation. On average participants spent 11.0 minutes/day (95% CI: 10.6, 11.5)
engaged in active transportation. Home, school and other people’s homes were the most common
active travel destinations. Significant differences in active transportation were found by age, sex
and season.
Only a few prior studies have described objectively measured active transportation data
among children and youth.9,15,25,26 In our study 90% of participants engaged in active
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transportation at least once over the course of the week, which is comparable to a study of 12-16
year old Americans where 77% engaged in active transportation over the week.15 In that
American study 43% of the trips were made using active transportation, which is similar to the
value of 37% found in our study, but much lower than the value of 74% observed among 14-18
year olds in Portugal.9 The average minutes/day of active transportation is also higher in other
European countries than in our Canadian sample. Specifically, the average daily time spent in
active transportation was 22.5 minutes/day in a sample of 10-13 year old Belgian children25 and
19.0 minutes/day in a sample of 11-16 year old Danish youth.26 This is consistent with selfreported active transportation data which consistently show that by comparison to North
America, a greater proportion of children from European countries walk or bicycle to
school.14,27–29 The differences in active travel between North America and Europe reflect
policies on pedestrian safety, cultural norms and the compact nature of European cities that allow
for short trips.14,27–29
In terms of travel destinations, parental reported data on a sample of 7-12 year olds from
Canada and the United States suggested that 28% walked or bicycled to someone else’s home at
least three times per week and that 21% walked or bicycled to a park at least 3 times per week.30
In our study of 10-13 year olds, 37% and 32% walked or bicycled to these destinations at least
once in the week-long data collection period. We also found that 39% of participants had at least
one active trip to their school to start the school day. This is in line with self- or parental-reported
estimates in 5- to 17-year-olds in Canada: 42% use exclusively active transportation or a
combination of active and passive transportation to travel to and from their school.13 It is
important to note that trips home from school were not categorized as school trips in our study as
the categorization was based on the destination and not starting point of the trip. Therefore, we

61

likely did not capture all students who use active transportation from school because the
proportion of children who walk or bicycle home from school in the afternoon is approximately
10% higher than the proportion who walk or bicycle to school in the morning.31
Our findings that active transportation was higher in boys than girls and increased from
age 10 to 13 are somewhat in line with what has been found in the literature. Boys have been
consistently found to engage in more active transportation than girls.32–34 Active transportation
has been found to increase with age, peak during adolescence then decline: this peak has been
found as young as age 10 and up to age 17.33,35–37 In contrast with our results, where there was
clear seasonal variation in active transportation, previous studies conducted in Ontario, Canada
have not found an effect of the seasons on active transportation to school.33,34 However these
studies only considered data collected over the course of a year33 or less34 and one study was
only conducted in Toronto, ON and results may not be generalizable outside of that location.34
The findings of our study have implications for public health practice. Specifically, our
findings suggest that interventions should consider active transportation to destinations other
than school (the focal point of almost all active travel interventions)38 and be cognisant of gender
disparities and the influence of Canadian seasons on active transportation. The average of 11
minutes/day of active transportation in this study represents only 18% of the target needed to
meet the public health recommendation of 60 minutes/day of moderate-to-vigorous physical
activity.39 Other data from the study sample, which is not shown in this thesis, indicates that they
accumulated an average of 54 minutes/day of moderate-to-vigorous activity, which is within a
couple of minutes of the moderate-to-vigorous physical activity levels observed in a nationally
representative of Canadian children.40 Collectively, this suggests that even modest increases in
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active transportation would result in a substantial increase in the proportion of children meeting
public health recommendations for physical activity.
Our findings also have implications for the measurement of active transportation in
research settings. Approximately 40% of trips originally identified by the PALMS software were
false trips. Examples of false trips include play in the school yard during recess and incidental
movement in the home. While PALMS has been validated in adults,19 additional work may need
to be done in pediatric populations as they engage in more unstructured activity.
There are some limitations of this study. First, 16% of participants did not have adequate
GPS data to be included in the analysis. Although there were no significant differences (p>0.05)
in the descriptive characteristics of those included and those excluded from the analyses, it is
possible that their active transportation differed. Second, trips <100 metres long and lasting <3
minutes were not captured by the PALMS software. Therefore, short trips, such as to a nearby
house or bus stop, were missed. Finally, these results are specific to 10-13 year olds in Kingston,
ON.

3.7 Conclusion
The use of objective measures to capture active transportation to a variety of destinations
among children fills major calls for research in the active transportation field.13 In this study of
10-13 year olds approximately 1 in every 3 trips was made using active transportation. Children
spent and an average of 11 minutes/day walking or bicycling vs. 40 minutes/day travelling in a
motorized vehicle. Home, school and other people’s homes were the destinations with the most
active transportation minutes. These findings should be taken into account when considering
interventions to increase active transportation.
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Table 3.1 Description of trip destinations
Destination
Home

Description
The participant’s primary residence and secondary residence if applicable.

Other homes

Homes not identified as the primary or secondary residence.

School bus stop

Locations other than the home address where participants travelled to to be picked up by a school bus.

School

Trips to the participant’s school immediately prior to the school day.

School day trips and trips to school
for non-curriculum purposes

Trips to school during the school day (e.g., returning to school from a field trip, doctor appointment), or returning
to school in the evenings or on non-school days (e.g., for an after-school event, to play on school grounds).

Parks or greenspace

City parks, undeveloped greenspace, or conservation areas.

Recreation facilities

Government and commercial recreation and sport facilities (e.g., arenas, sports fields, gymnastics club).

Retail locations
Food service locations

Supermarkets, grocery stores, convenience stores, gas stations, big box stores, strip malls, stand-alone stores,
downtown stores, and shopping malls.
Fast food restaurants, full service restaurants, coffee shops, and dessert and ice cream shops.

Community locations

Entertainment or cultural facilities, churches or other places of worship, community centres, libraries.

Other

Health care facilities, other schools (not the school where the participant was enrolled), transit stations, police
station etc.

70

Table 3.2 Participant characteristics
Characteristic

N

%

197
191

50.8
49.2

94
97
101
96

24.2
25.0
26.0
24.7

287
62
39

74.0
16.0
10.1

336
52

86.6
13.4

101
99
90
98

26.0
25.5
23.2
25.3

335
50
3

86.3
12.9
0.8

47
196
101
44

12.1
50.5
26.0
11.4

57
112
176
43

14.7
28.9
45.4
11.1

32
115
241

8.3
29.6
62.1

Sex
Boy
Girl
Age (years)
10
11
12
13
BMI
Not overweight
Overweight
Obese
Race
White
Other
Season of Participation
Winter
Spring
Fall
Summer
Number of Parents in Household
Dual Parent
Single Parent
Prefer not to say
Number of Siblings in Household
0
1
2
3+
Family Income ($ CDN per year)
50,000
50,001-100,000
>100,000
No response
Parental Education
High school or less
2-year college
4-year college/university

71

Table 3.3 Descriptive information on trips and trips to different destinations within the entire sample (n=388)
Destination

% (95% CI) who
travelled to
destination using
any mode
100
100
71.9 (67.4, 76.4)
20.6 (16.6, 24.7)
82.5 (78.7, 86.3)
33.0 (28.3, 37.7)
46.4 (41.4, 51.4)
68.3 (63.6, 72.9)
84.3 (80.6, 87.9)
53.1 (48.1, 58.1)
47.4 (42.4, 52.4)
46.6 (41.7, 51.6)

All destinations
Home
Other people’s homes
Bus stop
School to start school day
Other trips to school
Parks or greenspace
Recreation facilities
Retail locations
Food service locations
Community locations
Other
a
Adjusted for sex, age, season.
b
Adjusted for number of siblings.
c
Adjusted for single or dual parent household.

% (95% CI) who
travelled to
destination using
active travel
90.0 (87.2, 93.2)
69.3 (64.7, 73.9)
36.6 (31.8, 41.4)
14.2 (10.7, 17.7)
38.7 (33.8, 43.5)
23.5 (19.2, 27.7)
32.2 (27.5, 36.9)
17.0 (13.3, 20.8)
24.7 (20.4, 29.1)
16.0 (12.3, 19.6)
11.3 (8.2, 14.5)
15.2 (11.6, 18.8)
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% of trips to
destination
made by
walking
31.1
25.2
24.3
42.8
29.2
57.2
11.7
13.1
12.7
22.4
13.8
19.8

% of trips to
destination
made by
bicycle
6.3
6.6
11.0
0.5
7.1
13.5
14.8
3.4
3.0
2.2
3.8
5.4

Mean (95% CI)
minutes/day of
active travel to
destination
11.0 (10.6, 11.5)a,b,c
3.7 (3.6, 3.9)a,b,c
1.1 (1.0, 1.1)a
0.2 (0.2, 0.3)a
2.1 (2.0, 2.2)a,b
0.6 (0.5, 0.6)a
1.0 (0.9, 1.0)a,b
0.5 (0.5, 0.5)a
0.8 (0.7, 0.8)a
0.4 (0.4, 0.4)a
0.3 (0.3, 0.3)a
0.4 (0.3, 0.4)a

Table 3.4 Sex, age, and season difference in minutes/day spent in active travel by travel destination for those destinations where the mean active
travel time was > 1 minute/day
Characteristic
All destinationsh,i,j

Travel destination
Participant’s
Other people’s
own homeh,i,j
homesh

Total (n=388)
Sex
Boys (n=197)
12.4 (11.8, 13.1)
4.4 (4.2, 4.6)
Girls (n=191)
9.5 (9.0, 10.1)a
3.1 (2.9, 3.3)a
Age
10 (n=94)
8.6 (8.0, 9.2)d
2.6 (2.4, 2.8)c,d
11 (n=97)
9.7 (9.0, 10.4)
3.3 (3.1, 3.6)b,d
b
12 (n=101)
10.4 (9.7, 11.1)
4.1 (3.8, 4.4)b,c
b,c,d
13 (n=96)
15.4 (14.4, 16.3)
5.0 (4.6, 5.3)b,c,d
Season
Winter (n=101)
6.7 (6.2, 7.1)f,g
2.6 (2.4, 2.8)f,g
e
Spring (n=99)
12.9 (12.0, 13.7)
4.4 (4.1, 4.8)e,g
Summer (n=90) 13.0 (12.1, 13.9)e
3.7 (3.4, 4.1)e,f
e
Fall (n=98)
11.8 (11.0, 12.7)
4.2 (3.9, 4.6)e
a
significantly different from boys (p<0.05)
b
significantly different from 10 year olds (p<0.05)
c
significantly different from 11 year olds (p<0.05)
d
significantly different from 12 year olds (p<0.05)
e
significantly different from winter (p<0.05)
f
significantly different from spring (p<0.05)
g
significantly different from summer (p<0.05)
h
Adjusted for sex, age, season.
i
Adjusted for number of siblings.
j
Adjusted for single or dual parent household.

School to start
school dayh,i

1.2 (1.1, 1.3)
0.9 (0.9, 1.0)a

2.3 (2.2, 2.4)
1.9 (1.8, 2.1)a

0.9 (0.8, 1.0)d
1.0 (0.9, 1.1)
1.1 (1.0, 1.2)b
1.4 (1.2, 1.5)b,c,d

1.7 (1.6, 1.9)d
1.9 (1.8, 2.1)
2.2 (2.1, 2.4)b
2.5 (2.3, 2.7)b,c

0.4 (0.4, 0.4)f,g
1.4 (1.3, 1.4)e,g
1.5 (1.5, 1.6)e,f
1.1 (1.0, 1.1)e,f,g

1.6 (1.6, 1.7)f
2.5 (2.3, 2.6)e,g
1.4 (1.3, 1.5)f
2.9 (2.7, 3.0)e,f,g
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Chapter 4
Neighbourhood walkability and objectively measured active
transportation among 10-13 year olds
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4.1 Abstract
INTRODUCTION: Current active transportation literature within children is based almost
exclusively on questionnaire measures of the trip to school. This literature suggests that the
walkability of the built environment can influence active transportation to school. The purpose of
this study was to use objective measures to examine the relationship between neighbourhood
walkability and children’s active transportation to school and other destinations.
METHODS: This was a cross-sectional study of 367 children and early adolescents (aged 10-13
years) from Kingston, ON, Canada. Participants wore a Garmin GPS watch during waking hours
for seven consecutive days. Personal Activity Measurement Location System (PALMS) software
used the GPS data to identify trips, and for each trip the time spent in that trip and the trip
modality (walking, bicycle, or vehicle). GIS measures of connectivity, proximity to destinations,
and pedestrian infrastructure and safety were used to create a walkability index.
RESULTS: Those living in the neighbourhoods with the highest walkability quartile spent an
average of 16.2 minutes/day (95% CI: 14.9, 17.5) in active transportation while those in the
lowest walkability quartile spent an average of 6.3 minutes/day (95% CI: 5.7, 6.8) in active
transportation. Consistent patterns between walkability and active transportation were observed
in age, sex, and season of study subgroups. An increase in active transportation minutes was seen
across walkability quartiles for all the most common active travel destinations (i.e., home,
school, other people’s homes).
CONCLUSION: In this study of 10-13 year olds, those living in the most walkable
neighbourhoods accumulated nearly three times more active transportation than those living in
the least walkable neighbourhoods.
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4.2 Introduction
Active transportation is one way that children and adolescents can incorporate moderateto-vigorous physical activity into their daily lives.2 Children and adolescents who walk and
bicycle to school have higher overall physical activity,3–5 better cardiorespiratory fitness6 and
healthier waistlines.7 In Canada, 25% of children and adolescents aged 5-17 report using active
transportation as their main mode of transportation to school.8 This number varies worldwide
from 79% in the Netherlands9 to 13% in the United States.10
Research on active transportation to school suggests that the built environment can
influence this behaviour.11–13 Built environment factors associated with increased active
transportation to school include measures of walkability such as how well the streets connect to
each other,14 having a variety of destinations within walking distance,15 and the presence of
safety features such as traffic calming measures (e.g., speed humps, 4-way-stop intersections)
and pedestrian infrastructure (e.g., crosswalks, sidewalks).13 These walkability features can be
examined individually or summed to create a walkability index.16–19
The active transportation literature within children and adolescents is based almost
exclusively on questionnaire measures of the trip to school.12 The lack of insight into
determinants of travel behaviours outside of school is a recognized gap in the active
transportation literature.8,12 Furthermore, the self- or parental-reported nature of the school travel
mode data are likely subject to measurement bias, a widely recognized issue in the physical
activity field,20,21 resulting in under or over reporting of the observed associations between the
built environment and active transportation.
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The objective of this study was to examine the relationship between neighbourhood
walkability and objectively measured total active transportation and active transportation to
common travel different destinations among 10-13 year olds.

4.3 Methods
Study Participants
The study sample consisted of a cross-sectional sample of children who participated in
the Active Play Study. To be included children had to be 10-13 years old and live and attend
school in Kingston, ON, Canada. Children were excluded if they were not ambulatory or English
or French speaking. A sample of 230 boys and 228 girls were recruited from the ~5,000 children
aged 10-13 who live in Kingston (2011 Census).22 A total of 21 children living on agricultural
properties or on highways or county roads in rural areas were excluded for the analyses for this
study because these areas do not reflect the built environment this study intended to
capture. Participants’ data were collected between January 2015 and December 2016. Because
physical activity levels vary by season, enrollment was balanced across the four seasons. To
ensure diversity, participants were recruited within each of the city’s 12 electoral districts in
proportion to the population of 10-14 year olds in each electrical district.22 The economic, social
and physical attributes are similar within each electoral district but vary considerably across the
12 districts. A comprehensive recruitment strategy was used. Participants and a parent/guardian
provided written informed consent prior to participation and children were compensated $40 for
completing the study. The letter of information and consent is provided in Appendix B. The
study was approved by the General Research Ethics Board at Queen’s University. Additional
ethics clearance was obtained by the Queen’s University Health Sciences Research Ethics Board
to perform the analyses included in this thesis (Appendix C).
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Walkability Exposure
City of Kingston and DMTI Spatial Inc. (Richmond Hill, ON) geospatial databases were
used in ArcGIS software version 10.4 (ESRI, Redlands, CA) to obtain all GIS measures in the
home neighbourhoods of all participations, with the exception of the Walk Score® (Walk Score,
Seattle, WA), which was determined using the publicly accessible Walk Score® application
(https://www.walkscore.com/). Initially, ArcGIS was used to create a one kilometre road
network buffer around each participant’s home address to define their home neighbourhood. This
buffer size and type has been identified as the best fit when measuring youth travel
environments.23,24 One kilometer corresponds to a ~10-15 minute walk or ~5 minute bicycle ride.
As described below, within each participant’s home neighbourhood buffer several measures of
connectivity, proximity to destinations, and pedestrian infrastructure and safety were determined.
These measures were chosen based on previous findings showing an association with children
and adolescent’s active transportation.12,13 First, connectivity, proximity to destinations, and
pedestrian infrastructure and safety indexes were calculated. They were determined by creating a
percentile rank of the individual measures discussed in the following paragraphs. The percentile
ranks were then averaged and ranked to give the individual indexes. Finally, an overall
walkability index was created by averaging the connectivity, proximity, and pedestrian safety
and infrastructure indexes.
The measures of connectivity included: length of roads,25 intersection density (i.e.,
number of intersections per km2 of land area),14,26 average block length (i.e., length of
roads/number of true intersections)14,27 and connected node ratio (i.e., ratio of intersections to all
nodes including cul-de-sacs).28
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The measures of proximity to destinations included the Walk Score®,29 distance to
school,13 and population density per square km of land area.30 These measures were chosen as
they reflect both proximity to and a variety of destinations within the neighbourhood. The Walk
Score® has been shown to be a reliable and valid measure of estimating access to walkable
amenities and strongly correlated with residential density (r=0.76, p<0.001)31,32 The Walk Score®
is, in part, determined by proximity to the closest school; however, in our sample the closest
school was often not the school the participants attended. Therefore, we also measured the road
network distance to their school. Distance to school is a strong predictor of a children’s active
transportation to school,13
The measures of pedestrian safety and infrastructure included the total length of
sidewalks and paths,33 estimated traffic volume,17 and the density of traffic calming measures.34
Traffic volume was estimated by multiplying the length of arterial, collector and local roads by
the average traffic volume of these roads types in Kingston, adding them together, and dividing
by the total length of roads. Traffic calming measures included speed humps,35 low speed zones
(i.e., ≤40 km/h) including school zones, crosswalks,34 4-way-stop signs, playground/children
playing signs, and pedestrian walking signs.
Active Transportation Outcome
Participants were provided with verbal and written instructions on how to wear a Garmin
Forerunner 220 Global Positioning System (GPS) watch (Garmin Ltd., Schaffhausen,
Switzerland) and how to charge the watch overnight (Appendix D). They were then asked to
wear the watch for 7 consecutive days. They were instructed to put on the watch shortly after
waking, to turn on the GPS logger function, and to continue wearing the watch until bedtime, at
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which time they charged the watch so it could be used the next day. The watch continuously
recorded their longitude and latitude coordinates during waking hours.
After the GPS data were collected, they were downloaded from the watch using Garmin
Connect software (Garmin Ltd., Schaffhausen, Switzerland). The data were then exported to the
Personal Activity and Location Measurement System (PALMS) software.36 PALMS identified
trips based on sequential GPS points that spanned ≥100 m with a speed ≥1 km/h lasting at least 3
minutes in duration. The software allowed for pauses in travel of up to 3 minutes to account for
traffic lights and other brief stops. After trips were identified, PALMS classified the travel
modality of each trip as vehicle, bicycle, or walking based on travel speed. Trips with a 90th
percentile of speed ≥25 km/h were classified as vehicle trips, trips with a 90th percentile of speed
≥10 km/h and <25 km/h were classified as bicycle trips, and trips with a 90th percentile of speed
≥1 km/h and <10 km/h were classified as walking trips. PALMS has been validated as a method
for processing GPS data to objectively measure time spent in different transportation modes.37 In
comparison with a SenseCam (i.e., a camera worn around the neck that takes multiple images
every minute), PALMS algorithms had a mean accuracy of greater than 85% and Intraclass
Correlation Coefficients of greater than .80 for classifying minutes/day in each trip mode.
After the PALMS software identified the trips and modality of each trip, we used Google
Fusion Tables software (Google, Mountain View, CA) to visually inspect each trip, to remove
“false trips”, and identify the starting point and destination of each trip. The “false trips”
represent false positives (i.e., trips identified by PALMS that reflect other movements such as
outdoor play in the school yard). At the expense of minimizing false negatives, several false
positive trips are identified by the software. A detailed protocol to identify and delete these false
trips was created, which can be found in Appendix E. In brief, Google Fusion Tables allowed the
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research team to view each trip identified by PALMS individually as GPS fixes on a map. Trips
that were identified by PALMS that occurred solely within a specific location (e.g., the school
yard at recess) were considered false trips and were manually deleted during data cleaning; 6,595
trips were deleted in this process.
During the cleaning process, the destination of each trip was determined by examining
the end of each trip using Google satellite view and Google street view (Google, Mountain View,
CA). The destination of each trip was initially categorized based on the extensive list provided at
the end of Appendix E. Due to the infrequent number of trips to many of the destinations on the
extensive list, several of them were grouped together. Trip destinations were ultimately
categorized based on the descriptions provided in Table 4.1. Trips to school were categorized
based on the time of travel. Trips to school in the morning were categorized as trip to the
“school” category. Trips leaving school in the afternoon at the end of the school day were
captured in the “home” destination or wherever the participant travelled immediately after
school. Trips to school during the day (i.e., field trips or leaving the school property at lunch)
and in the evening (i.e., returning for an event) were categorized separately. This was done to be
able to differentiate between the primary journey to school and other school related trips.
Note that trips with the same starting and end destination, such as hikes or walking the
dog, were removed and not considered as active transportation because they were considered
walking or bicycling for leisure rather than active transportation to a specific destination. Trips
that occurred outside of Kingston were also removed.
A comprehensive list of all destinations can be found in Table 4.1. Destinations with
mean daily average active transportation minutes greater than 1.0 were included in the analyses
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looking at specific destinations; this included the participant’s home, their school, and other
people’s homes.
The reliability of the active transportation measures was determined on a subsample of 48
participants (balanced across age, sex and seasons) who underwent the same GPS measurement
protocol on two separate occasions separated by a few days, and who had at least one valid day
(i.e., >10 hours) of GPS data. The reliability of the protocol used to clean and process the GPS
data and identify trip destinations was determined by repeating all data cleaning and processing
steps for the GPS data collected in week 2 for these same 48 participants. The intra-rater
reliability was carried out by having the same individual clean the data twice separated by six
months. The inter-rater reliability was determined by having a second individual clean the data.
Mean daily active transportation times were consistent across all three cleaning scenarios: 14.8
(95% CI: 12.3, 17.3) minutes for the initial cleaning by observer 1, 15.9 (95% CI: 13.5, 18.3) for
the second cleaning by observer 1, and 14.7 (95% CI: 12.7, 16.8) for the clean by the second
observer. Intra-rater percent agreement for destinations was 90% and inter-rater agreement was
88%.
Next, the data were imported into SAS 9.4 statistical software (SAS Institute, Cary NC)
for further processing and to calculate the number of minutes of active transportation. During
this process we deleted data from days with <10 hours of GPS data (e.g., invalid days) and
participants with <4 days with 10 hours of GPS data. This step is consistent with data processing
done with accelerometer measures of physical activity.38,39 Seventy (15%) participants were lost
during this data processing step. The SAS program then determined the total number of trips, the
total duration of each trip (based on the times that the GPS points of the trip start and end points
were recorded), and total daily time spent in trips separately by trip modality and destination.
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Sociodemographic and Covariate Data
Parents/guardians of the child participants completed a 20 minute long questionnaire on a
tablet computer and information from that questionnaire was used to assess sociodemographic
characteristics including age, sex, and race (white or non-white including mixed race) of the
participant, family structure (single or dual parent home, number of siblings in the home), annual
family income (≤$50,000; $50,001-$100,000; >$100,000; or no response), and parent education
(high school or less, 2-year college, or 4-year college/university). Season of participation was
categorized based on equinox and solstice dates. Height and weight were measured, the body
mass index (BMI) was calculated, and the World Health Organization BMI growth references
were used to categorize participants as having non-overweight (thin + normal), overweight, or
obese.40

4.4 Statistical Analysis
Data were analysed using SAS 9.4 statistical software. Multivariate analyses were
conducted to compare average daily minutes of active transportation across walkability index
quartiles. An initial examination of the data revealed that 11% of participants did not having any
active transportation trips and that the active transportation data could not be transformed to
follow a normal distribution. Therefore, a two-part modelling strategy was used to estimate
average minutes of active transportation. This is a strategy commonly used for health-care cost
data which is similarly distributed.41,42 In the first part, logistic regression was used to model the
probability of the presence of any active transportation minutes according to walkability index.
In the second part, a generalized linear model was used to model the relationship between the
walkability index and active transportation minutes. To fit this model the proc genmod procedure
was used with a logarithmic link function and gamma distribution. All models were adjusted for
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age, sex and season. Other covariates were entered in the model using backwards selection
methods and were retained based on a significance level of p<0.05 in either the logistic
regression or general linear model. The mean daily level of active transportation for each quartile
of the walkability index was calculated by multiplying the estimates from the two models
together. Ninety-five percent confidence intervals for the means were calculated. ANOVA and
Bonferroni post hoc comparison tests were used to compare active transportation by age, sex,
season, and destination across walkability quartiles.

4.5 Results
Characteristics of the 367 participants included in the final analyses are in Table 4.2. By
design, half were boys (50%) and participants were evenly distributed across ages and seasons.
The majority were white (86%) and lived in a dual parent household (86%).
The mean time spent in active transportation in the entire sample was 11.0 minutes/day
(95% CI: 10.4, 11.7). Table 4.3 presents the mean active transportation for the different
walkability quartiles after adjusting for covariates. There was a significant linear trend in active
transportation across the walkability index quartiles (ptrend<0.001). Overall, those living in the
neighbourhoods with the highest walkability scores spent an average of 16.2 minutes/day (95%
CI: 14.9, 17.5) in active transportation while those in the lowest walkability index quartile spent
an average of 6.3 minutes/day (95% CI: 5.7, 6.8) in active transportation. Consistent patterns
between walkability and active transportation were observed in age, sex, and season of study
subgroups. Furthermore, the patterns of relationships were consistent when the connectivity,
proximity to destinations, and pedestrian safety and infrastructure indexes were examined on
their own (Table 4.4). This is despite the fact that some of these indexes were only moderately
correlated with each other (Table 4.5).
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Home, school and other people’s homes were the three most common active
transportation destinations. Mean minutes of daily active transportation were 3.9 minutes/day
(95% CI: 3.7, 4.1) for home, 2.2 minutes/day (95% CI: 2.1, 2.3) to school, and 1.0 minutes/day
(95% CI: 1.0, 1.1) to other people’s homes. An increase in active transportation minutes was
seen across walkability indexes for each of these destination (Table 4.6) with significant linear
trends (ptrend<.0001) for each. The average for all other travel destinations was <1 minute/day
and we did not examine the relationship between walkability and time spent travelling to these
uncommon destinations.

4.6 Discussion
This study examined the relationship between neighbourhood walkability and objectively
measured active transportation to several different destinations (home, school and other people’s
homes) among a sample of 10-13 year olds. The key finding of the study is that children living in
the most walkable neighbourhoods (highest quartile) engaged in almost 3 times more active
transportation than children living in the least walkable neighbourhoods (lowest quartile).
Walkability was associated with active transportation irrespective of age, sex, season, travel
destination, and type of walkability construct.
These results add to the current body of evidence that links both objective26 and
subjective17,33,43 walkability indexes to measures of active transportation. Most notably, Carlson
et al., used objective measures of both the built environment and active transportation in a small
sample (n=126) of 12-16 year old Americans and found that adolescents living in highly
walkable neighbourhoods had almost twice as many minutes of walking and bicycling by
comparison to those living in the least walkable neighbourhoods.26 Studies that have used
subjective reports of active transportation to examine its association with walkability have seen
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both positive33,43 and null17 results. These null results may be due to the fact that the study
considered measures of the school built environment rather than the children’s neighbourhood
built environment and only included two measures of walkability (one measure of connectivity
and one measure of traffic exposure).17 One notable difference between this literature and the
current study is that only one study26 has considered active transportation to destinations other
than school.
The current study found that all 3 components of the walkability index were associated
with active transportation. Although several previous studies have found similar associations for
measures of connectivity,25,26,44 proximity to destinations13,29,45 and safety features17,33,34, there is
not uniformity in the literature. For example, Timperio et al.46 found that street connectivity was
negatively associated with active commuting to school and Larsen et al.45 found the same for
residential density. This may be due to the increased pedestrian safety risk posed by more
densely connected street networks such as increased traffic, higher speeds, and more street
crossings.47
Comprehensive walkability indexes created for studies of adults16,48–50 and children26,33,43
have not typically considered traffic safety. Within the context of walkability, safety refers to
pedestrians and cyclists being protected from automobile traffic. Safety measures are often
excluded from built environment analyses because these variables are not widely available in
existing GIS datasets.16 This is an important limitation because, as shown in our study, these
safety measures are associated with active transportation. It has also been suggested that
changing these safety features represents a simpler and more cost effective way of making
changes to the current infrastructure than would making changes to the some of the other
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walkability constructs, such as connectivity, that would require the physical restructuring of
streets.51
The findings of our study have implications for public health practice and urban planning.
The built environment can influence large proportions of the population and has the potential to
create sustained changes in walking and cycling habits.52 While it is not feasible to change the
connectivity of existing neighbourhoods, the potential to impact active transportation should be
considered in the construction of future neighbourhoods. The current study also indicates that
having an increased number of destinations within walking distance and increasing safety
features of a neighbourhood could positively impact children’s active transportation behaviours.
This could be accomplished by changing zoning policies to allow for retail space to be dispersed
among residential areas and adding more traffic calming features to streets such as speed humps,
low speed zones, and crosswalks. However, the influence of built environment features on active
transportation may be different for children and adults: children and adolescents’ transportation
choices may be more strongly influenced by traffic safety concerns, especially for younger
children.53
There are several limitations of this study. First, this is a cross-sectional study. Reverse
causality is a possibility as parents who want their children to engage in active transportation
could self-select neighbourhoods that encourage this behaviour.54 Next, results may not be
generalizable outside of municipalities that are similar to Kingston, a city with a population of
123,363 and Walk Score® of 49.55 Examples of similar municipalities in Canada include Guelph,
ON (population 121,688, Walk Score® 47), Sherbrooke, QU (population 201,890, Walk Score®
39), and St. John’s, NL (population 106,172, Walk Score® 46).55 Rural areas and Canada’s
largest municipalities such as Toronto (population 2,615,060, Walk Score® 71), Montreal
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(population 1,649,519, Walk Score® 70) and Vancouver (population 603,502, Walk Score® 78)
have different populations densities and Walk Scores. Finally, because active transportation
habits change with age,57 these results may not be applicable to younger children and older
adolescents.

4.7 Conclusion
The use of objective measures to examine the relationship between neighbourhood
walkability and objectively measured active transportation to several different destinations
(home, school and other people’s homes) in young people addresses major gaps in the active
transportation literature that have been identified in literature reviews.8,12 In this study of 10-13
year olds, those living in the most walkable neighbourhoods accumulated nearly three times
more active transportation than those living in the least walkable neighbourhoods. In addition,
street connectivity, proximity to destinations, and traffic safety were each associated with
increased active transportation.
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Table 4.1 Description of trip destinations
Destination
Home

Description
The participant’s home including a secondary home if applicable

Other homes

Homes not identified as the primary residence or a second parent’s home.

School bus stop
School

Locations that participants travelled to be picked up by a school bus. This did not include participants who were
picked up by a school bus at their home address.
Trips to and from the participant’s school immediately prior to the school day.

School day trips and trips to school
for non-curriculum purposes

Trips to and from school during the school day such as for field trips, doctors’ appointments, or leaving school
grounds at lunch and trips to and from the participant’s school in the evenings or on non-school days.

Parks or greenspace

City parks, undeveloped greenspace, or conservation areas.

Recreation facilities

Government and commercial recreation and sport facilities.

Retail locations
Food locations

Big box stores, strip malls, stand-alone stores, downtown shops, shopping malls, convenience stores and gas
stations. This category included grocery stores.
Fast food restaurants, full service restaurants, coffee shops and dessert shops.

Community locations

Entertainment or cultural facilities, church or other places of worship, community centres, libraries.

Other

Health care facilities, other schools (not the school where the participant was enrolled), transit stations, police
station etc.
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Table 4.2 Participant characteristics
Characteristic

N

%

185
182

50.4
49.6

89
89
98
91

24.3
24.3
26.7
24.8

271
57
39

73.8
15.3
10.6

316
51

86.1
13.9

96
92
87
92

26.2
25.1
23.7
25.1

314
50
3

85.6
13.6
0.8

46
190
91
40

12.5
51.8
24.8
10.9

55
108
165
39

15.0
29.4
45.0
10.6

31
108
228

8.5
29.4
62.1

Sex
Boy
Girl
Age
10 years
11 years
12 years
13 years
Body Mass Index
Not overweight
Overweight
Obese
Race
White
Other
Season of Participation
Winter
Spring
Fall
Summer
Number of Parents in Household
Dual Parent
Single Parent
No response
Number of Siblings in Household
0
1
2
3+
Family Income ($ CDN per year)
≤50,000
50,001-100,000
>100,000
No response
Parental Education
High school or less
2-year college
4-year college/university
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Table 4.3 Average minutes/day of active transportation according to walkability index quartile in the total sample and according to age, sex and
season of participation
Characteristic
1
6.3 (5.7, 6.8)

Walkability Quartile
2
3
9.6 (8.7, 10.4)
11.9 (10.8, 13.0)

P trend
4
16.2 (14.9, 17.5)

Total (n=367)
<0.001
Sex
Boys (n=184)
6.9 (5.9, 7.9)
11.0 (9.7, 12.2)
14.0 (12.3, 15.7)
18.2 (16.5, 20.0)
<0.001
Girls (n=182)
5.7 (5.1, 6.4)
8.0 (7.0, 9.0)a
10.1 (9.0, 11.3)a
13.6 (11.9, 15.3)a
<0.001
Age
10 (n=88)
5.1 (4.1, 6.1)
6.8 (5.6, 8.0)
9.4 (7.9, 10.9)
12.5 (10.6, 14.4)d
<0.001
11 (n=89)
6.4 (5.0, 7.7)
8.6 (7.3, 10.0)
9.6 (7.5, 11.7)
13.7 (11.2, 16.3)
<0.001
12 (n=98)
6.8 (5.7, 7.8)
9.4 (7.9, 11.1)
12.7 (10.8, 14.6)
17.2 (14.5, 19.8)b
<0.001
13 (n=91)
7.2 (5.5, 8.8)
12.9 (11.3, 14.5)b,c,d 14.6 (12.5, 16.8)b,c
21.0 (18.6, 23.4)b,c <0.001
Season
Winter (n=96)
3.8 (3.2, 4.4)f
6.3 (5.8, 6.8)f,g
7.6 (6.6, 8.5)f,g
9.3 (7.7, 10.8)f,g
<0.001
e,g
e
e
Spring (n=92)
7.8 (6.7, 8.9)
12.1 (10.4, 13.8)
13.7 (11.3, 16.2)
21.6 (18.4, 24.8)e
<0.001
Summer (n=87) 5.6 (4.6, 6.5)f
9.6 (7.7, 11.4)e
13.3 (11.5, 15.2)e
17.8 (16.1, 19.5)e
<0.001
e,g
e
e
e,f
Fall (n=91)
7.7 (6.6, 8.8)
10.6 (8.9, 12.2)
14.1 (11.8, 16.4)
16.2 (14.1, 18.2)
<0.001
Data presented as mean minutes/day (95% confidence interval). Adjusted for sex, age, season, family structure, and number of siblings when
appropriate.
a
significantly different from boys (p<0.05)
b
significantly different from 10 year olds (p<0.05)
c
significantly different from 11 year olds (p<0.05)
d
significantly different from 12 year olds (p<0.05)
e
significantly different from winter (p<0.05)
f
significantly different from spring (p<0.05)
g
significantly different from summer (p<0.05)
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Table 4.4 Average minutes/day of active transportation according to connectivity, proximity, and safety indices within the total sample
Walkability
Component
Connectivity

1
6.4 (5.7, 7.0)

2
9.2 (8.5, 10.0)

Quartile
3
12.6 (11.6, 13.7)

4
16.1 (14.7, 17.4)

P trend
<0.001

Proximity

8.1 (7.4, 8.9)a

9.8 (8.8, 10.7)

11.3 (10.2, 12.3)

15.2 (13.9, 16.5)

<0.001

7.4 (6.8, 8.1)
10.2 (9.3, 11.1)
11.7 (10.7, 12.7)
14.8 (13.6, 15.9)
<0.001
Safety
Data presented as mean minutes/day (95% confidence interval). Adjusted for sex, age, season, family structure, and number of siblings when
appropriate.
a
significantly different from connectivity index (p<0.05)
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Table 4.5 Spearman correlation coefficients of the walkability, connectivity, proximity and safety indices
Connectivity Index

Walkability Index
0.87

Connectivity Index
-

Proximity Index
-

Proximity Index

0.77

0.52

-

Safety Index

0.78

0.61

0.34

Note: p values for correlations all < .001
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Table 4.6 Average minutes/day (95% confidence interval) of transportation to the three most common travel destinations according to walkability
index
Destination
Homea,b,c
Schoola,c

1
2.1 (1.9, 2.3)e
1.5 (1.4, 1.6)

d

Walkability Quartile
2
3
e
3.3 (3.0, 3.6)
4.3 (3.9, 4.7)e
2.0 (1.8, 2.2)

d

0.7 (0.7, 0.8)d,e
1.0 (0.9, 1.1)d,e
Other homesa
a
Adjusted for sex, age, and season.
b
Adjusted for family structure
c
Adjusted for number of siblings
d
significantly different from home (p<0.05)
e
significantly different from school (p<0.05)

2.3 (2.1, 2.5)

d

1.1 (1.0, 1.2)d,e
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P trend
4
5.9 (5.5, 6.4)e
3.1 (2.8, 3.3)

d

1.4 (1.2, 1.5)d,e

<0.001
<0.001
<0.001

Chapter 5
General Discussion
5.1 Study Summary
The primary purpose of this thesis was to use objective measures to describe total active
transportation and active transportation to common travel destinations by age, sex and season
among a sample of 10-13 year olds from Kingston, ON, Canada. The secondary purpose was to
examine the relationship between neighbourhood walkability and objective measures of total
active transportation and active transportation to common travel destinations. The results were
based on cross-sectional data from 388 pre- and early adolescents who participated in the Active
Play Study in Kingston, ON between January 2015 and December 2016. Active transportation
was measured objectively using a GPS watch and specially designed active transportation
software. The data were analyzed using a two-part modelling strategy due to the nature of the
active transportation outcome data.

5.2 Summary of Major Findings
The first manuscript was a descriptive exploration of active transportation among our
sample. It was found that approximately 1 in every 3 trips was made using active transportation.
Participants spent an average of 11 minutes/day walking or bicycling vs. 40 minutes/day
travelling in a motorized vehicle. Home, school, and other people’s homes were the most
common active transportation destinations. Mean daily minutes of active transportation for boys
was significantly higher than for girls (12.4 vs. 9.5 minutes/day). Time spent in active
transportation increased from a low of 8.6 minutes/day at age 10 to a high of 15.4 minutes/day at
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age 13. Time spent in active transportation was lower in the winter by comparison to the other
seasons.
The second manuscript explored the relationship between neighbourhood walkability and
active transportation. Those living in the most walkable neighbourhoods accumulated nearly 3
times more active transportation than those living in the least walkable neighbourhoods. Street
connectivity, proximity to destinations, and traffic safety – three different components of
walkability – were each associated with increased active transportation. Consistent patterns
between walkability and active transportation were observed in age, sex, and season of study
subgroups as well as for all of the most common travel destinations.

5.3 Strengths
This thesis had several strengths, the first two of which was the use of objective measures
of active transportation and the identification of all travel destinations over the course of the
week-long measurement period. This is important as current active transportation literature
within children and adolescents is based almost exclusively on questionnaire measures of the trip
to school.1,2
Next, great effort was made by researchers to ensure high compliance to the study
protocols such as wearing the GPS watch as much as possible during waking hours. For
example, participants were sent text messages or emails in the morning reminding them to put on
the device and were asked to complete logs detailing where they were when they were not
wearing the device. In addition to strategies to increase GPS watch wear time, considerable time
and effort was spent cleaning missing GPS data based on locations where participants were when
the GPS signal was lost. Additionally, great care was spent removing false trips from the active
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transportation data and coding the end location of each trip, which has not been done in previous
research.3,4
Another major strength of this thesis was the use of statistical modelling to address the zero
inflated and skewed nature of the active transportation data. The use of a two-part model allowed
for the estimation of average active transportation minutes despite fact that 11% of participants
had 0 minutes of active transportation. This is a strategy commonly used for health-care cost
data, which is similarly distributed.5,6 Of the two studies in the active transportation literature
that have used a similar modelling strategy, one used a negative binomial model and was only
able to report median and inter quartile range active transportation minutes rather than a mean3
and the other presented the results of the two parts of the model separately and did not report the
average minutes/day of active transportation.4
The final strength of this study was the inclusion of safety measures in the walkability
index. Walkability indexes have not typically considered traffic safety, which may be because
these variables are not widely available in existing GIS datasets.7 However, as shown in our
study, these safety measures are associated with active transportation in children and are an
important component of walkability.

5.4 Limitations and Potential Limitations
This study was not void of limitations. Because the two manuscripts were based on the
same sample and measures, these limitations are discussed together in the following sections.
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5.4.1 Internal Validity
Internal validity refers to how accurately a study’s results reflect what is truly happening
in the sample population, assuming that the result is not due to chance.8 Common threats to
internal validity include selection bias, information bias, and confounding.
Selection Bias:
Selection bias occurs when there is a systematic difference between those included in the
study and those who are not.8 Selection bias might have occurred if the study participants
differed systematically from the population of 10-13 year olds in Kingston, ON and caused bias
in the study’s results.
A common source of selection bias is volunteer bias. It is well known that those who
volunteer to participate in studies are different from those who do not volunteer. Specifically,
they are often more health conscious and may have a personal interest in the area of study.8
Although the number of participants included in the study was stratified to ensure proportional
representation by age, sex, season of study, and electoral districts in the city of Kingston,
participation was voluntary and therefore children who elected to participate may have differed
from those who did not. In addition, participants knew prior to volunteering that they would be
partaking in a study looking at physical activity. For Manuscript 1, this means that we may have
obtained a sample who do more active transportation than the target population. For Manuscript
2, this could have led to selection bias if participants who did more active transportation were
living in more walkable neighbourhoods, although the proportional sampling by electoral district
makes this unlikely. In efforts to combat this volunteer bias, participants were compensated $40
and the experience of our research team suggests that this compensation was a major driver of
the desire to participate in the study. In addition, total physical activity levels in our sample are
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very similar to what has been observed in the Canadian Health Measures Survey, which is a
nationally representative survey.9
A second potential source of selection bias is the loss of participants due to insufficient
GPS wear time. Approximately 15% of participants did not have adequate GPS data to be
included in the analysis. Although there were no significant differences (p>0.05) in the
descriptive characteristics of those included and those excluded from the analyses, it is possible
that their active transportation differed.
Information Bias:
Information error refers to random errors in the measurement of exposure, covariates or
outcome, leading to misclassification of participants. This may lead to a bias if these errors are
made systematically.8 As discussed above in the Strengths section, the exposure and outcome
measures were both objective; however, there is still the potential for some information error due
to participant reactivity while wearing the GPS watch, the software used handle the data, as well
as the manual steps involved in cleaning the data. For information error to be considered a bias it
must occur systematically by both exposure and outcome.
Exposure measurement. The exposure measure for Manuscript 2 – the neighbourhood
walkability index – was based on the home address given to the research assistant by the parent
at the beginning of the study. If the participant had a secondary home (i.e., other parent’s home,
grandparent’s home) where they spent a large part of their time during the week, the walkability
index may have not have been an accurate representation of their exposure. To combat this error,
upon enrolling in the study participants with a secondary home were asked to choose a week
where they would primarily or solely be residing at a single residence to complete the data
collection. Second, while the most current GIS data sources from the City of Kingston were
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used, there is the possibility the GIS data were not completely up-to-date or 100% accurate,
especially in newly developed neighbourhoods.
Outcome measurement. There are potential sources of information error in the active
transportation outcome.
“Reactivity” is a potential source of bias when measuring objective physical activity in
children, such as with a GPS watch. That is, children are aware that they are wearing a device
and being monitored and may subsequently increase their physical activity.10 Steps were taken in
this study to ensure this was not an issue. First, children were instructed to maintain their normal
physical activity over the course of the 7 days. Next, the GPS watch did not give any feedback
(e.g., step counts) to the participants. Third, the 7 day measurement period began the day after
the visit to the lab, therefore the participants had already been wearing the GPS watch for a day
when the study began – the first day of measurement has been identified as being of greatest
concern for reactivity to devices.11 Finally, in this study participants were informed that their
overall physical activity, not specifically their active transportation, would be measured, which
tends to be a fairly habitual form of physical activity.12,13 While reactivity to GPS watches has
not been specifically studied, overall no evidence of reactivity has been found in other objective
physical activity monitors, such as accelerometers.10,11
Second, active transportation was measured over 7 consecutive days. A basic assumption
is that these 7 days would provide a measure that was reflective of habitual active transportation
levels. A subsample of 48 participants underwent the same GPS measurement protocols on two
occasions and data from the two weeks were compared. While the means of week 1 and week 2
did not differ (11.3 minutes/day [95% CI: 10.0, 12.6] vs 14.7 minutes/day [95% CI: 12.3, 17.2]),
week 1 and week 2 values were only moderately correlated (r=0.45, p=0.002).
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Next, there is the issue of misclassification of active transportation by PALMS software.
Trips <100 metres long and lasting <3 minutes were not captured by PALMS software.
Therefore, short trips, such as to a nearby house or bus stop, were missed. There was also
potential misclassification of trip modality. In a validation study, agreement between PALMS
and visual inspection via SenseCam was 76% for vehicle minutes, 73% for bicycling minutes,
and 65% for walking/running minutes.14 In addition, upon manual inspection of the data, it was
found that 40% of trips identified by PALMS were false trips. This was corrected by researchers
and the reliability is discussed in the following paragraph.
Finally, to assess the degree to which information error arose during the cleaning of the
active transportation GPS data, the data of 48 participants were cleaned by one observer on two
separate occasions and by a second observer. Mean daily active transportation times were
consistent across all three cleaning scenarios: 14.8 (95% CI: 12.3, 17.3) minutes for the initial
cleaning by observer 1, 15.9 (95% CI: 13.5, 18.3) for the second cleaning by observer 1, and
14.7 (95% CI: 12.7, 16.8) for the clean by the second observer. Intra-rater percent agreement for
destinations was 90% and inter-rater agreement was 88%.
Confounding:
Confounding results from the distortion of a relationship of interest due to a third factor
related to both the exposure and outcome that is not found along the causal pathway.8 Analyses
in both manuscripts controlled for several potential confounders identified in previous studies
including age and sex of the participant, family socioeconomic status, and season of study. It is
possible, however, that the results were observed due to residual confounding caused by the
imprecise measurement of any of the confounders.
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5.4.2 External validity
External validity reflects whether a study’s results can be generalized to populations
outside of the sample.8 This study attempted to recruit a representative sample of children aged
10-13 in Kingston, ON. Kingston is a city with a population of 123,363 and Walk Score® of 49.15
The results may not be generalizable outside of municipalities that are similar to Kingston. For
example, some of Canada’s largest municipalities such as Toronto (population 2,615,060, Walk
Score® 71), Montreal (population 1,649,519, Walk Score® 70) and Vancouver (population
603,502, Walk Score® 78) have different populations densities and Walk Scores. In addition,
these results may not be generalizable to more rural areas as differences in active transportation
habits have been identified between urban and rural youth.16 Finally, because active
transportation habits change with age,17 these results may not be applicable to younger children
and older adolescents.

5.5 Causation (Manuscript 2)
The ultimate aim of Manuscript 2 was to determine if a walkable built environment
causes increased active transportation among children and early adolescents. The Bradford-Hill
Criteria are guidelines used the field of epidemiology to help assess the causality of an exposure
outcome relationship.6 The following sections apply the 5 main criteria to the results of
Manuscript 2.
5.5.1 Temporality
Temporality refers to whether an exposure precedes the outcome of interest and is
considered the only essential criteria for causality.6 While it can be difficult to confirm
temporality in cross-sectional studies, exposure information was determined based on objective
data from City of Kingston databases based on the home address provided by the participants
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and did not change throughout the duration of the study and therefore could not be influenced by
participants’ active transportation. However, reverse causality is still a possibility as parents who
want their children to engage in active transportation could self-select neighbourhoods that
encourage this behaviour.18
5.5.2 Plausibility
This criteria states that a causal relationship should be viewed in terms of its plausibility.8
The proposed relationship between neighbourhood walkability and active transportation is
reasonable: it makes sense that more direct, shorter and safer routes would result in more active
transportation. This is supported by the current literature – the built environment has been found
to influence active transportation in both adults7,19–21 and children.2,22
5.5.3 Strength of Association
This criteria states that the stronger an association is, the less likely it is to be due solely
to either bias or confounding.6 This study found large differences in active transportation across
walkability groups, with almost 3 times more daily minutes of active transportation in those
living in the highest walkability quartile versus those in the lowest.
5.5.4 Dose-Response Relationship
If a dose-response relationship is seen between the exposure and outcome of interest, this
is further evidence for causation.8 A consistent dose-response (or gradient) relationship was seen
across walkability quartiles in the entire sample and when broken down by age, sex and season,
as well as each travel destination. This supports the causal relationship between the walkability
of the built environment and active transportation.
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5.5.5 Consistency
Consistency of effects across a range of study types and in different populations provides
reassurance that the relationship is not an artefact.8 The results in this study were consistent
across different age groups, boys and girls, and children studied in different seasons. As outlined
in Chapter 4, there are many studies that have found similar results; however, there is not
uniform agreement in the literature. Studies examining the relationship between the walkability
of the built environment and active transportation in children and adolescents have, for the most
part, seen both positive23,24 results.

5.6 Public Health Implications
The findings of this thesis have implications for public health practice. The fact that 90% of
participants engaged in active transportation at least once over the course of the week is
promising; however, the average of 11 minutes/day was quite low when considering that public
health guidelines call for 60 minutes/day of moderate-to-vigorous physical activity.25 Other data
from the study sample, which is not shown in this thesis, indicates that the average time spent in
moderate-to-vigorous physical activity was 54 minutes/day and that active travel was three times
lower than the average time spent in organized sports and outdoor active play. Thus, active travel
is a type of physical activity that appears to warrant increased public health efforts to push
children to reach optimal physical activity thresholds. The majority of past and current public
health interventions focus on the trip to school,26 which was only found to make up
approximately 20% of active transportation minutes in the present study. Thus, active
transportation interventions should consider active transportation to destinations other than
school. These interventions should also take into consideration gender and age differences and
the influence of Canadian seasons on active transportation.
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Results from Manuscript 2 have implications for future neighbourhood development as
well as potential active transportation interventions in current neighbourhoods. The built
environment can influence large proportions of the population and have the potential to create
sustained changes in walking and cycling habits.27 While it would be extremely difficult to
change the connectivity or the population density of an existing neighbourhood, this thesis
indicates that having an increased number of destinations within walking distance and increasing
safety features of a neighbourhood could positively impact children’s active transportation
behaviours. This represents a more feasible and cost effective way of making changes to the
current infrastructure. This could be accomplished by changing zoning policies to allow for retail
space to be dispersed among residential areas and adding more traffic calming features to
existing streets such as speed humps, low speed zones, and crosswalks.

5.7 Future Research Directions
This research contributes to the growing body of literature examining the relationship
between objective measures of the built environment and children and adolescents’ active
transportation. Future research should to continue to use objective measures but consider a
greater age range as well as greater geographic diversity. In addition, it will be important to
consider how these aspects of the built environment may impact other physical activity or
lifestyle behaviours. Furthermore, it would be of interest to determine whether interventions that
change the built environment, such as interspersed retail and residential areas and increased
safety features, result in the desired changes in behaviour.
In addition, these findings have implications for the measurement of active transportation
in research settings. Approximately 40% of trips originally identified by the PALMS software
were false trips (i.e., false positives). For example, play in the school yard during recess was
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often identified as a trip. While PALMS has been validated for measuring adult active
transportation,14 additional work may need to be done among children and adolescents as they
engage in more unstructured activity.

5.8 Summary of MSc Research Experience
My experience as an MSc epidemiology student has allowed me to broaden my
knowledge in the field of epidemiology and public health. Throughout my first year of
coursework, I had the opportunity to gain an understanding of the study of epidemiology,
biostatistics, and physical activity. In my second year, I reinforced this knowledge as a teaching
assistant for the graduate level Introduction to Epidemiology course. Outside of the classroom,
my role as a research assistant for the Active Play Study provided me with invaluable experience
with primary data collection as well as data processing. In this position, which lasted the duration
of my MSc degree, I worked with children and parents who participated in the study to collect
anthropometric, GPS and survey data as well as cleaning this data in all subsequent stages of the
study.
Finally, in my second year, I developed and executed my thesis using data from the
Active Play Study. In this process, I designed a detailed protocol to clean the active
transportation data required for my study and trained undergraduate and graduate students
involved in the data cleaning process in its use. Next, I completed the literature review, statistical
analyses and interpretation of results in this thesis as well as prepared the written document for
this thesis as well as publication in peer reviewed journals. Lastly, I presented Manuscript 1 at an
international conference in June of 2017 (Annual Meeting of the International Society of
Behavioral Nutrition and Physical Activity) which allowed me to develop my presentation skills
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as well as disseminate my research. Throughout these experiences as a Master’s student, I have
gained the skills required to work in the field of epidemiology and public health.

5.9 Conclusion
In summary, the use of objective measures to capture active transportation to a variety of
destinations among children fills major calls for research in the active transportation field.1 Boys
engaged in more active transportation than girls, active transportation increased with age, and
winter was the season with the least active transportation. Home, school, and other people’s
homes were the destinations with the most active transportation minutes. Those living in the
most walkable neighbourhoods accumulated nearly three times more active transportation than
those living in the least walkable neighbourhoods. In addition, street connectivity, proximity to
destinations, and traffic safety were each associated with increased active transportation. Future
interventions to increase active transportation in this population should consider targeting these
areas of the built environment as well as active transportation to destinations other than school.
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LETTER OF INFORMATION / CONSENT FOR PARENTS/GUARDIANS

Physical Activity Levels in Kingston Children
Principal Investigator:

Dr. Ian Janssen
School of Kinesiology & Health Studies, Queen’s University
Kingston, Ontario
Phone: (613)533-6000 ext. 78631
E-mail: ian.janssen@queensu.ca

Co-Investigator:

Dr. Michael McIsaac
Department of Public Health Sciences, Queen’s University
Kingston, Ontario
Phone: (613)533-6000 ext. 77460
E-mail: mcisaacm@queensu.ca

Research sponsor:

Heart and Stroke Foundation of Canada

Purpose of the study
You and your child are invited to take part in this study on children’s physical activity.
Children’s physical activity levels have declined in recent years and we hope to better
understand children’s physical activity so that we can better work to increase their
physical activity levels.
The purposes of this study are:
1. To determine the amount of different types of physical activities children do such
as outdoor active play, organized sport, and active transportation (walking and
biking).
2. To determine where children are when they engage in outdoor active play,
organized sport, and active transportation. Several locations will be considered
including the child’s home, the homes of relatives and friends, streets,
playgrounds, wooded areas, school grounds, sports facilities, etc.
3. To determine what factors of the family, home, and neighbourhood environment
predict how much outdoor active play, organized sport, and active transportation
children get.
4. To determine whether active play, organized sport, or active transportation
predict predicts children’s physical and mental health.
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What will happen during the study?
You and your child will be asked to come to the Physical Activity Epidemiology lab at
Queen’s University (Room 501, 28 Division St) for two visits about 8-11 days apart.
Each visit will last approximately 45 minutes. Your child’s physical activity will be
measured over a 7 day period between the two visits.
During the first visit to the lab, details of the study will be explained to you and your
child. The research team will answer any questions that you or your child have. We will
then measure your child’s standing height, sitting height, weight, and waist
circumference. We will also measure your child’s heart rate and blood pressure using
an automated machine. These physical measurements are non-invasive and should not
cause any pain or discomfort to your child.
At the end of the first visit, your child will receive two small electronic devices that they
will wear for the next 7 days to measure their physical activity. The first electronic device
is a physical activity monitor. It will measure how much physical activity your child gets.
The physical activity monitor is worn around the hip on an elastic belt. It is waterproof
and very small (ie, smaller than a book of matches). Your child will be asked to wear
the physical activity monitor for 24/hours day for 7 days.
The second electronic device is a GPS logger. The GPS logger looks like a sports
watch and is worn around the wrist. This device will record your child’s geographic
location about every 30 seconds. After the data has been collected the research team
will determine where your child was when they were being active. Your child will be
asked to wear the GPS logger for 7 days. They will take the GPS logger off at night so
that its battery can be charged. Please note that the research team cannot track where
child is while they are wearing this GPS logger.
During the 7 days your child’s physical activity is being measured, they will be asked to
write down the times they remove their physical activity monitor. They will also be
asked to write down times they go to bed and wake up. We will give them a diary to
write down this information. Also, the research team will contact you by phone, e-mail,
or text message (whichever is your preference) every 2nd morning. This will let us
remind your child to wear the physical activity monitor and GPS logger. This will also
allow you or your child to ask us any questions that may arise.
Following the 7 days of physical activity data collection, you and your child will be asked
to return to the physical activity epidemiology lab for the 2nd and final visit. At this time,
your child will be asked to return the physical activity monitor and GPS logger. Your
child will also be asked to complete a ~25 minute questionnaire on the computer. This
questionnaire will ask them about different types of physical activity that they do, their
feelings about these physical activities, other ways that they spend their time (e.g.,
watching TV, doing homework), their mental health, and some of their eating
behaviours. You will also be asked to complete a ~25 minute questionnaire on the
computer. This questionnaire will ask for information about your family, your child’s
physical activity, as well as some home and neighbourhood factors that may influence
the ability of your child to be physical active.
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Are there any risks to participating in the study?
It is unlikely that participating in this study will be associated with any harms or
discomforts beyond those experienced in everyday life. The physical measures that we
will obtain (eg, height, blood pressure) are routinely used in children and are not
associated with any known risk or adverse effect. The devices that your child will wear
to measure their physical activity are similar to a belt and watch. These devices present
no additional risk beyond those encountered in daily life while wearing these
accessories. Finally, some of the items on the questionnaires might be deemed
personal or sensitive by some people. You and your child do not need to answer
questions that you do not want to answer or that make you feel uncomfortable.
Are there any benefits to participating in the study?
The research will not benefit you or your child directly. However, by participating in this
study we hope to learn more about the types of physical activity that children do.
Ultimately, we hope that this research will help to increase physical activity levels in
children.
Payment for study participation
Compensation will be provided to you for parking ($3 for each visit to the lab). Children
will be compensated for their time with up to $40 in cash. $10 will be given to your child
at the end of the first visit to the lab. $20 will be given to your child at the beginning of
the 2nd visit to the lab if they return the physical activity monitor and GPS logger in good
condition. Finally, your child will receive $10 at the end of the 2 nd visit after they
complete their questionnaire. If you or your child withdraw from the study before it is
completed, your child will get to keep the money they have already received.
Confidentiality and privacy
Every effort will be made to protect (guarantee) your confidentiality and privacy. When
we present the research findings we will not include names or any information that can
be used to identify you or your child. No one other than the research team will know that
you and your child participated in the study unless you tell them. The information we
obtain will be de-identified, such that you and your child will receive a unique
identification number and will be known by this number, not by name. All of the study
data will be entered into password- and firewall- protected computers in the physical
activity epidemiology lab, and will be only be available to the research team. We will
keep the data here securely for several years, but will never allow anyone other than the
research team to have access to the data.
Legally Required Disclosure
Although we will protect your privacy, if legal authorities request information we may be
required to reveal it to them (e.g. cases of child abuse).
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What if I change my mind about being in the study?
It is important to remember that all aspects of a research study are voluntary. Even
after providing consent you and/or your child can withdraw from the study at any time
prior to when you submit your final questionnaire responses. In cases of withdrawal,
there will be no negative consequences any data you have provided will be destroyed if
you want the research team to do so.
How do I find out what was learned in this study?
We expect to have this study completed by the spring of 2017. If you would like a brief
summary of the results, please let us know in the consent form below how you would
like it sent to you.
Questions about the study
Any questions about study participation may be directed to Dr. Ian Janssen with the
contact information listed at the top of this letter. Any ethical concerns about the study
may be directed to the Chair of the General Research Ethics Board at
chair.GREB@queensu.ca or 613-533-6081.

This study has been granted clearance according to the recommended principles of
Canadian ethics guidelines, and Queen's policies.
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Physical Activity Levels in Kingston Children
CONSENT FORM FOR PARENT/GUARDIAN – Participant’s copy

I have read the information presented in the information letter about “The Physical
Activity and Active Play” study being conducted by Drs. Ian Janssen and Michael
McIsaac of Queen’s University. I have had the opportunity to ask questions about my
involvement, as well as my child’s involvement, and to receive additional details that I
requested. I have been adequately informed of the confidentiality and privacy measures
that will be undertaken by the research team to protect my identity and my child’s
identity. I understand that if I agree to participate, and provide consent for my child to
participate, that we may withdraw from the study at any time. I have been given a copy
of this form. I agree to participate in the study and I provide consent for my child to
participate in the study.

Signature: ______________________________________

Name of adult participant (Printed) ___________________________________

Name of child participant (Printed) ___________________________________

Date: __________________________________________________
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Participant ID:


Physical Activity Levels in Kingston Children

CONSENT FORM FOR PARENT/GUARDIAN – Research Team’s Copy
I have read the information presented in the information letter about “The Physical Activity and
Active Play” study being conducted by Drs. Ian Janssen and Michael McIsaac of Queen’s
University. I have had the opportunity to ask questions about my involvement, as well as my
child’s involvement, and to receive additional details that I requested. I have been adequately
informed of the confidentiality and privacy measures that will be undertaken by the research
team to protect my identity and my child’s identity. I understand that if I agree to participate, and
provide consent for my child to participate, that we may withdraw from the study at any time. I
have been given a copy of this form. I agree to participate in the study and I provide consent for
my child to participate in the study.
Signature: ______________________________________
Name of adult participant (Printed) ___________________________________
Name of child participant (Printed) ___________________________________
Date: __________________________________________________
Would you like to receive a summary of the study’s results?
Yes, I would like to receive a summary of the study’s results. Please send them to this Email address: _____________________________________________ or to this mailing
address:
_________________________________________
_________________________________________
No, I do not want to receive a summary of the study’s results.
Would you be willing to be contacted about a potential follow-up study, understanding that you
can always decline the request?
Yes. Please contact me by:
Phone: ________________________________________________
or E-mail: ______________________________________________
or Mail: ________________________________________________
No
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Appendix C:
Ethics Letter of Approval for this Thesis
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Appendix D:
GPS Watch Instructions
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Instructions for Activity Monitor, Location Monitor, and Sleep & Activity Log
This study will measure your physical activity patterns over one week. In order to do this, we want you to
wear an Activity Monitor and a Location Monitor for the next 7 days. We are interested in measuring your
normal activity level. Please do not change your normal physical activity levels during the study.
Picture of the Activity Monitor

Picture of the Location Monitor

Information and Instructions for the Activity Monitor and Sleep & Activity Log
An Activity Monitor is a small electronic device that records all daily activities as electronic signals. It does
not need to be turned on or off. You do not need to change the batteries or recharge this device. Please
start wearing the Activity Monitor as soon as your visit to the laboratory is over. We want you to keep
wearing it for the 7 days and nights following your visit.
The Activity Monitor should be worn as shown in the picture to the right. You should
wear it around your waist using the elastic belt we give you. It should be worn above
your right hip. The Active Monitor should be positioned so that “RESPIRONICS” is at
the top and “Actical” is at the bottom. It should be located half way between your
stomach and back. You can wear it underneath or above your clothes.
It is very important that you wear the Activity Monitor as much as possible. You
should take it off when you are having a bath or shower or when swimming since the
Activity Monitor is not waterproof. If there are times that you need to take the
Activity Monitor off, other than when having a bath or shower, we would like you to
record this on the Sleep & Activity Diary. This should be recorded in the PINK
columns of the diary.
We would also like you to keep the Activity Monitor on at night when you go to bed.
The Activity Monitor will measure how much you move when you are sleeping. We would like you to record
what time you wake up in the morning and what time you go to bed at night on the Sleep & Activity Diary.
This should be recorded in the YELLOW columns of the diary.
If you participate in organized sports or programs during the study (eg, hockey, soccer, karate, dance class),
we would like you to record these sports and the times you participated in the Sleep & Activity Diary. This
should be done in the GREEN columns of the diary. Finally, if you do any chores or work outdoors during the
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study (eg, shovel snow, farming, cut grass), we would like you to record what time you did this work in the
Sleep & Activity Diary. This should be done in the BLUE columns of the diary.
Information and Instructions for the Location Monitor
The Location Monitor is an electronic device that connects to satellites and records your location every few
seconds. We will use the Location Monitor to determine where you are when you are being active. While you
are using the Location Monitor during the study we will not know where you are. However, after the study is
over the Location Monitor will tell us where you were throughout the week.
You will wear the Location Monitor on your wrist like a watch. You can wear it on your left or right wrist. You can
wear the Location Monitor under long sleeved clothes such as a sweatshirt or coat.
The Location Monitor runs on a rechargeable battery that lasts for
about 10 hours. We ask that you charge the Location Monitor
tonight before you go to bed. You will need to do this again every
night for the following 7 nights. Follow these 4 steps to charge the
Location Monitor:
1) Plug the USB end of the charger into the USB adapter.
2) Plug the USB adapter in a regular outlet.
3) Look at the picture to the right. Align the charge posts on the charger with the contacts on the back of the
Location Monitor.
Then press the charger until it clicks.
4) Leave it plugged in overnight to charge.
You should start wearing the Location Monitor in the morning before you leave your house. On school days, put
the Location Monitor on a few minutes before you leave for school. On weekends and holidays, try to put the
Location Monitor on at around the same time you would do on school days. Alternatively, if you are leaving your
house earlier in the day, put the Location Monitor on before you go.
When you start wearing the Location Monitor each morning, you will need to turn its recording function “on”.
Follow these 4 steps:
1) Press the top right button on the Location Monitor. This is button  in the
picture to the right.
2) Continue pressing this button until the display on the Location Monitor looks
like the picture on the bottom right.
3) Press this button once more and the recording function will turn “on”. A
large green triangle will appear on the display for 2 seconds immediately
after the recording function is turned “on”. Also, the numbers under
“Timer” will start to count up. Numbers may also start to appear at the top
and bottom of the display once you start to walk around.









0:00
Timer

4) After the recording function is turned on, you can turn on the watch function
by pressing the middle button on the left hand side of the display. This is
button  shown in the picture above.
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0:0000
Pace
__:__

Once the recording function is “on”, do not press the top right button of the Location Monitor again. If you do,
the recording function will turn “off”. If this happens, press the top right button again to turn it back “on”. You
will know the recording function is “on” when the timer in the display is counting up.
Let the recording function of the Location Monitor run continuously each day. The battery on the Location
Monitor will usually run out of charge after about 10 hours. Therefore, please try to re-charge the battery for
about 15 minutes in the late afternoon or early evening (eg, right after school, at supper time). After you recharge the battery for a few minutes, please put the Location Monitor back on and turn “on” the recording
function again. Right before you go to bed at night, you should take the Location Monitor off and charge it again
for the next day.
It is important that you wear the Location Monitor as much as possible when it is turned on. Since the Location
Monitor is waterproof, you can wear it when showering, bathing, or swimming. You should not wear the
Location Monitor to bed at night as you should be charging it’s battery at that time. If you need to take the
Location Monitor off when playing organized sports, please bring it with you to where you are playing. For
example, if you need to take it off to play in a basketball game, take it off at the gym and put it back on after the
game is over.
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Appendix E:
Trips Cleaning Protocol
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In Town Trips Protocol – Active Play Study

This protocol is to be completed after the “PALMS protocol – active play study,” the “CSV GPS cleaning
protocol – Active play study” and the “CSV GPS cleaning – Out of Town data.” Before beginning, check the
tracking sheet on the bulletin board in room 501G to ensure the “CSV GPS cleaning – Out of Town data”
protocol has been completed for the participant in question. Enter your name on the tracking sheet pinned on
the bulletin board in Room 501G for the “In Town Trips Protocol” each time you start a new participant. The
purpose of this protocol is to:




Remove false trips that were incorrectly identified by PALMS
Determine the starting location and final destination of each trip, and
Confirm the mode of travel for imputed trips (e.g., pedestrian, bicycle, vehicle)

1. Open the Access file entitled “Database” with the participant’s Visit #1 date from the following
location: \\192.168.1.100\EPI Lab\Database\Main Study\Database.accdb
a. Determine the Day 1 date. It will be the day after Visit #1
b. Determine which season in which the data was collected and whether the participant was in
school at that time
2. Obtain the participant’s log
a. Determine which day of the week corresponds with Day 1
3. Open the Access file entitled “Participant home + School Coordinates” with the participant’s home
address and school address from the following location: \\192.168.1.100\EPI Lab\GIS\
a. Enter the coordinates of the home and school location into Google Maps’ directions feature
with a comma between latitude, longitude to become familiar with those locations
b. If the walking directions between home and school take less than 3 minutes, PALMS may not
identify these trips. In this case, follow the instructions in Appendix C after completing this
protocol.
4. Open the CSV file of interest from the following location: \\192.168.1.100\EPI Lab\PALMS exports\CSV.
Note that the CSV file names correspond to the participant ID numbers.
a. Select the view tab in excel, and select freeze panes, “freeze top row”.
b. Highlight and copy column “tripNumber,” right click beside the “tripNumber” column and select
“insert copied cells.” Rename the old column “tripNumber_old.” All subsequent work in this
protocol will be done on the new “tripNumber” column and the data in the “tripNumber_old”
column should not be changed.
c. Highlight and copy column “tripMOT,” right click beside the new “tripNumber” column and
select “insert copied cells.” Rename the old column “tripMOT_old.” All subsequent work in this
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protocol will be done on the new “trip_MOT” column and the data in the “tripMOT_old”
column should not be changed. “Trip_MOT” refers to the modality of the trip:
1.
2.
3.
4.
5.

-1 – unknown (i.e., No GPS data)
0 – stationary
1 – pedestrian
2 – bicycle
3 – vehicle

d. Create three more columns to the right of the “tripMOT” column. Label these columns
“tripStart,” “tripEnd” and “Imputed.” Insert 0’s for each row in these columns from the start of
the file to the end of the file.
5. Open the corresponding Fusion Table for the participant from the activeplayfusiontables@gmail.com
google drive (password: Epidemiology). It will labelled “0ID_imputed.” For instance, for participant ID
123 this table would be labelled “0123_imputed”. These are the colours and their corresponding
activity levels:
a. Blue – sedentary (activity intensity = 0)
b. Yellow – light physical activity (activity intensity = 1)
c. Green – moderate physical activity (activity intensity = 2)
d. Red – vigorous physical activity (activity intensity = 3)
6. On the Google Fusion table, go to the “Map” tab. On the top left of the Google fusion table, click
“Filter” and select by “tripNumber”
7. In the Google fusion table, Enter “1” in both boxes of the tripNumber filter. In the Excel spreadsheet,
select the “tripNumber_old” column and hit “Ctrl + F” on the keyboard. Enter 1 into the box and press
“Find Next”. You may have to click on “options” and select “match entire cell contents”.
a. First, look at the Google fusion table evaluate whether this is a valid trip. A trip is valid if it is
from one location to another either via vehicle or by active transportation (see Appendix D
Figures 1 and 2). An example of a trip that is not valid would be activity that occurs solely within
a location such as the school yard or a building (see Appendix D Figure 3). If the trip is invalid,
replace the number in the “tripNumber” column with “-2” and skip steps b-d.
b. Next, make sure the trip has not been cut short or extended or PALMS did not miss a
destination. A trip consists of linear motion from one location to another. If a trip does not
appear to have a rational starting point and end point (ie. a road) or there appears to be
clustering of points at the beginning or end of the trip (see Appendix D Figure 4), identify the
time of each trip and filter the fusion table by “datetime” using the format dd/mm/yyyy h:mm
am/pm (e.g., 22/01/2016 5:03 PM) to show an additional 10 minutes before and after each trip.
The trip we want to identify is the duration of linear movement from one location to another.
You can also look at the “activity” counts in the CSV file to determine when a consistent pattern
of movement starts or ends. Ensure that the trip number is the same for the duration of this
time, extending or shortening a trip as necessary.
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A trip may begin and end at the same location. Some of these trips have no destination, such as
a walk around the neighbourhood. This is a valid trip.
However, some of these trips have a destination, such as a trip to a fast food drive thru or
dropping another person off, that would not be identified by PALMS if there was a very short
pause at the destination. These trips need to be split into 2 trips.
When participants take the bus to school, PALMS may split the walking and bussing portions up
or only count them as 1 trip (see Appendix D Figure 5). These trips need to be split into 2 trips.
In cases where there is a pause point in a trip to another destination (e.g., dropping someone
off at the movie theatre or going through the Tim Hortons drive thru on the way to hockey
practice), the trip does NOT need to be modified to reflect that pause point.
Do NOT combine trips. If you are unsure, ask.
To extend or shorten a trip:


filter by “datetime” using the format dd/mm/yyyy h:mm am/pm (e.g., 22/01/2016 5:03
PM).






Ensure that for the duration of the trip identified on the Google Fusion table, the trip
number is the same.
If shortening a trip, replace the trip number for the removed epochs with “-2”. Trips
should be shortened if:
o There is walking at the end of a vehicle trip (i.e., walking from the car to the
store through the parking lot)
o There is clustering of movement at either end of the trip (i.e., playing in the
school yard after arriving to school)
If lengthening a trip, replace the value of “0” or “-1” with the number assigned to that
trip and extend the “tripMOT” value to match the rest of the trip. Trips should be
lengthened if :
o PALMS cut the trip short, identified by filtering by date time around trips that do
not have rational start and end points

To create a return trip or split a trip into 2 parts: (RECALL this is ONLY done when it is a round
trip with a pause point such as a restaurant or store that was not captured by PALMS, OR when
breaking up walking to the bus stop and taking the bus to school)






Identify the epoch that corresponds to the start of the second portion of the trip
For this and subsequent epochs involved in that trip you will need change the trip
number to “1 + the highest trip number so far”.
For instance, if the highest trip identified to date was 53, the return portion of this
trip would be identified as trip 54. The highest trip number can be identified by the
number under the tripNumber filter in the Google Fusion table or by searching for
the MAX value in the “tripNumber” column.
In the case of participants taking the bus to school, ensure the walking trip has a
“tripMOT” of 1 (pedestrian) and the vehicle trip has a “tripMOT” of 3 (vehicle).
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c. Finally, identify where the trip starts and finishes. In the Google Fusion table, click on the first
and last point in the trip to see at what time the trip occurred and determine the direction of
the trip.
d. The trip start and end locations should fall under one of the categories listed immediately
below this paragraph. A more complete explanation of these destinations is provided in
Appendix A after the list. In the “tripStart” column, replace the 0’s that correspond to the time
of trip number 1 with the number that corresponds to the starting location. In the “tripEnd”
column, replace all of the 0’s that correspond to the time of trip number 1 with the number
that corresponds to the ending location. You may need to look at a participant’s log or examine
the 10 minutes before or after the trip to help identify locations (i.e., especially to differentiate
between park use for recreation vs. organized sport purposes, or identifying trips for chores or
work purposes). Use Google satellite view and Google street view frequently when
determining locations! If the trip happens to occur over water, change the “tripMOT” to 4
(active boating) for trips identified as pedestrian or 5 (passive boating) for trips identified as
vehicle. Drag down the “tripMOT” column to ensure that the tripMOT is consistent for the
duration of the trip (i.e., no stationary time within a pedestrian trip).
Location numbers are as follows (see Appendix A for more details):
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

12.

13.

Participant’s home (or the homes that they typically sleep at if they live at multiple homes)
Another home
Bus stop (i.e., where the participant is picked up by the school bus)
Participant’s school to go to class at school (i.e., to/from school at the beginning/end of the
school day)
Participant’s school for other trips occurring during school day (e.g., field trip, going home for
lunch, doctor’s appointment, gym class at location off school grounds)
Participant’s school for trips occurring outside of school hours for non-class purposes (e.g., to
play in school playground on weekend, to go to school activity in evening)
Another school, including the building and school grounds
Developed park/greenspace (e.g., park or greenspace area developed and maintained by the
city)
Undeveloped greenspace (e.g., field, wooded area)
Conservation area or Provincial Park (e.g., Lemoine Point Conservation Area, Cataraqui Creek
Conservation area, Grass Creek Park)
Government or school owned recreation facility for physical activity participation. Use the
participant’s log, Google satellite view and look at “activity” to identify if they are
participating in organized sport at this time (e.g., going to arena, soccer field operated by
Kingston, or Queen's ARC to play sport)
Government or school owned recreation facility for other purposes. Use the participant’s log,
Google satellite view and look at “activity” counts to identify if they are participating in
organized sport at this time (e.g., going to arena to watch a hockey game)
Commercial recreation facility for physical activity participation. Use the participant’s log,
Google satellite view and look at “activity” counts to identify if they are participating in
organized sport at this time (e.g., Dance studio, gymnastics club, YMCA, golf course)
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14. Commercial recreation facility for other purposes. Use the participant’s log, Google satellite
view and look at “activity” counts to identify if they are participating in organized sport at this
time
15. Retail: big box stores (e.g., Walmart, Loblaws, Canadian Tire)
16. Retail: downtown shops (e.g., The Gap, Lululemon)
17. Retail: strip mall or stand-alone store not meeting big box store criteria (e.g., strip mall at
Division/Concession, Shoppers Drug Mart at 1875 Bath Rd.)
18. Retail: shopping mall (Cataraqui Town Centre, Frontenac Mall)
19. Restaurant: fast food (e.g., McDonald’s, A&W, Wendy’s, Harvey’s, Pizza Pizza, Subway)
20. Restaurant: full service (e.g., The Keg, Milestones, Lone Star)
21. Restaurant: coffee/donut focus (e.g., Tim Horton’s, Starbucks)
22. Restaurant: other, desserts but no meals available (e.g., Menchies, Mio Gelato)
23. Convenience stores and gas stations
24. Entertainment or cultural facility (e.g., Movie theatre, museum, art gallery)
25. Church or other place of worship
26. Community centre
27. Library
28. Health care facility (e.g. doctor’s office, dentist, hospital, optometrist)
29. Round trip (e.g. leisure walk or drive that starts and ends in the same location with no particular
destination)
30. Work/chores related destination (e.g., paper route)
31. Transport within the context of outdoor play (e.g., >1 relatively short pedestrian and/or
bicycling trips identified within a few minutes of each other with clusters of outdoor movement
before, in between, and typically after the trips)
32. Boating or water sports
33. Other
34. Unknown
35. Transit stop (e.g., city bus stop, subway station, ferry terminal)

8. Next complete step 7 for each trip with valid GPS data. Proceed to step 9 when working with imputed
trips. Imputed trips will appear as a single point on the road. The highest trip number can be identified
under the tripNumber filter in the Google Fusion table.
9. This step is to clean trips that have been imputed, this means the values in the “lat_old” and “lon_old”
columns will be -180. These trips will show up as a single point on the Google Fusion table. In the
“Imputed” column please change the “0” to “1” for all imputed trips, even trips that have been
partially imputed (i.e., the watch died along the route).
a. For the first imputed trip, identify where the trip starts and finishes. To do this you will need to
examine time before and after the trip. Locations before and after the trip may also be single
points. Click on these points to determine which is the beginning and the end of the trip.
Looking at the participant’s log may also be useful in determining start and end locations.
Change the values of the “tripStart” and “tripEnd” columns for the duration of the trip as per
the location codes in Step 10. In the “Imputed” column please change the “0” to “1” for all
imputed trips.
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b. Then, look at the “tripMOT” variable. Trip mode may or may not have been imputed when
adding the trip. The following numbers correspond to the following modes of transportation:








-1 – unknown (i.e., No GPS data)
0 – stationary
1 – pedestrian
2 – bicycle
3 – vehicle
4 – active boating
5 – passive boating

i. Ensure that the tripMOT corresponds with the appropriate method of transportation
based on intensity, duration and season (i.e., there is not likely to be a lot of cycling
during the winter). It may also be useful to look up directions between the two points in
Google Maps and at the duration of the trip in the CSV file and determine if that time is
approximately an appropriate travel time for that mode of transport.
1. A “tripMOT” of 1 (pedestrian) should correspond with speeds of 1-10km/h in any
season and a consistent activity pattern greater than 375 counts. Some counts
between 100 and 375 may occasionally be present and some stops may occur
(i.e., at a red light). Generally, walking will consist of several consecutive minutes
of moderate intensity.
2. A “tripMOT” of 2 (bicycle) should correspond with speeds of 10-24.9km/h in the
spring, summer and fall seasons and a more variable activity count profile.
Activity counts may range from of approximately 25 - 1000, with a sporadic
pattern. Cycling typically does not contain counts in the vigorous range (i.e., >
1625 per 15s epoch), but will fluctuate between sedentary, light, and moderate.
3. A “tripMOT” of 3 (vehicle) should correspond with speeds greater than 25km/h
in any season, most activity counts being <25 per 15s epoch, with some light
activity counts. Occasionally trips on school buses will contain more counts in the
light range and some in the moderate range, but the speed will still be high
enough to denote this trip as being in a vehicle. It is highly unlikely that counts in
the vigorous range would occur while using passive transportation.
4. A “tripMOT” of 4 (active boating) refers to any trips over water that have been
identified as pedestrian or bicycle. This would correspond with water activities
such as kayaking, canoeing or paddle boarding.
5. A “tripMOT” of 3 (passive boating) refers to any trips over water that have been
identified as vehicle. This would correspond with travelling over water in a motor
boat.
ii. If the “tripMOT” appears to be incorrect, replace those values with the appropriate
number.
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10. In the Google fusion table, Enter “-1” in the both boxes of the tripNumber filter. This will give all the
remaining imputed locations. If there are any imputed points on a road insert a new trip number for
this participant in the “tripNumber column” for the duration of the trip (the highest value so far can be
found in the Excel spreadsheet or in the Google fusion table under the trip number filter boxes – add
one to this number). Complete step 9a. and 9b. for these trips.
11. As a final check, highlight all columns, select the “data” tab in excel and select “filter”. Use the
dropdown arrow to filter the “tripNumber” column to show all trips >0 (i.e., de-select -2, -1 and 0).
Using the dropdown filters for the tripNumber, tripMOT, tripStart, tripEnd columns, ensure that these
other columns contain logical values – for instance, that tripMOT does not equal -1 (all trips must have
a mode), that both tripStart and tripEnd do not equal 0, and that the imputed trips are indicated with a
1.
12. Once you have completed all of the steps, check off that the participant has been completed on the “In
Town Trips Protocol” pinned to the bulletin board in Room 501G.
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Appendix A: Trip locations, examples, further descriptions and potential complications
#
1

Location name
Participant’s home

Examples

2

Another home

Friend’s house,
grandparent’s
house, hotel

3

Bus stop

Where the participant is picked up by the school bus.

4

Participant’s school to go to
class at school

5

Participant’s school for trips Field trip, doctor’s
during the school day
appointment, gym
class off school
property
Participant’s school for trips Playing in the
outside of school hours for playground on
non-class purposes
weekends, going to
a school activity in
the evening

Trips to/from school at the beginning/end of the
school day. This includes going to school early/late
for athletic or other extra-curricular reasons.
Trips to/from school during the school day that
are not the participant’s first or last trip to/from
school.

6

7

Another school

Description
Participant’s home or the homes they typically
sleep at if they live at multiple homes. There is a
list of dual parent homes in the Database.
A home the participant does not typically sleep at.

Varsity sport trip,
playing on
playground on
weekend

8

Developed
park/greenspace

City Park, Victoria
Park, Confederation
Park, splash pad

9

Undeveloped greenspace

Field, wooded area

10 Conservation area or
Provincial Park

Lemoine Point
Conservation Area,
Cataraqui Creek
Conservation area,
Crass Creek Park
(beach)

11 Government/school owned
recreation facility for
physical activity
participation

Queen’s ARC, CFB
Kingston Facilities,
Artillery Park,
Invista Centre,
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Trips to/from school outside of school hours and
for non-school purposes.
Note that all trips to school on weekends,
holidays, summer vacation should fall into this
category.
Another school, including the building and school
grounds.
Note that all trips to schools by home schooled
children would fall into this category.
This refers to a part of greenspace developed and
maintained by the city. Grass is typically cut and
there are often play structures, park benches, etc.
The participant is NOT there to play or watch
organized sport.
This refers to an outdoor natural area that is
undeveloped and not maintained.

This refers to trips to recreation facilities to
participate in organized sport. Use the
participant’s log and look at “activity” counts to
identify if they are participating in organized sport

12 Government/school owned
recreation facility for other
purposes

13 Commercial recreation
facility for physical activity
participation

14 Commercial recreation
facility for other purposes

15 Retail: big box stores

16 Retail: downtown shops

17 Retail: strip mall or standalone store

18 Retail: shopping mall

soccer fields,
baseball diamonds
Queen’s ARC, CFB
Kingston Facilities,
Artillery Park,
Invista Centre,
soccer fields,
baseball diamonds,
Tomlinson Aqua
Park
YMCA, Kingston
Gymnastics Club,
Kingston School of
Dance, Patenaude
Martial Arts, K-Rock
Centre, Boiler Room
YMCA, Kingston
Gymnastics Club,
Kingston School of
Dance, Patenaude
Martial Arts, K-Rock
Centre
Walmart, Loblaws,
Canadian Tire,
RioCan Centre,
King’s Crossing
Fashion Outlet, Toys
R Us, Lowe’s, Rona,
Fresh Co
The Gap, Lululemon

Strip mall at
Division/Concession,
Shoppers Drug Mart
at 1875 Bath Rd.
Cataraqui Town
Centre, Frontenac
Mall
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at this time. Please check Appendix B for a list of
athletics fields in Kingston.
This refers to trips to recreation facilities to
observe sport but not participate. Please check
Appendix B for a list of athletics fields in Kingston.
Use the participant’s log and look at “activity”
counts to identify if they are participating in
organized sport at this time.

This refers to trips to commercial recreation
facilities to participate in organized sport. Use the
participant’s log and look at “activity” counts to
identify if they are participating in organized sport
at this time.
This refers to trips to commercial recreation
facilities to observe. Use the participant’s log and
look at “activity” counts to identify if they are
participating in organized sport at this time.

Downton shops include locations on Brock Street,
Princess Street and Queen Street from Division St
to the water; locations on Johnson Street,
Clarence Street, and Barrack Street from Bagot
Street to the water; locations on Armes Square,
Ordinance Street and Bay from Rideau Street to
the water; and locations on William Street from
King Street to the water. See this map for
reference.

19 Restaurant: fast food

20 Restaurant: full service

21 Restaurant: coffee/donut
22 Restaurant: other, desserts
but no meals available
23 Convenience store / gas
station
24 Entertainment or cultural
facility

25 Church or other place of
worship

26 Community centre

McDonald’s, A&W,
Wendy’s, Harvey’s,
Pizza Pizza, Subway
The Keg,
Milestones, Lone
Star
Tim Horton’s,
Starbucks
Menchies, Mio
Gelato, Spin Dessert
Cafe
Esso, 7/11, Macs,
OnRoute
Movie theatre,
museum, art gallery,
parliament
buildings, Springer
Market Square, Fort
Henry
Church (including
Salvation Army
churches),
synagogue, mosque
Kingston
Community Health
Centres, Wally
Elmer Youth Centre,
Kingston Family
Resource Centre
(CFB Kingston),
Portsmouth Olympic
Harbour, air cadets,
Girls and boys
Centre in Frontenac
Mall

27 Library

28 Health care facility

29 Round trip

Please find a list of all KFPL branches here
http://www.kfpl.ca/hours-and-locations/allbranches
Doctor’s office,
dentist, hospital,
optometrist
Walk around the
neighbourhood,
walk the dog, leisure
drive, hike, walk to
the mailbox, walk
within a park
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This refers to a trip that starts and ends in the
same location with no particular destination. This
could be a leisure walk or drive. If there is a fast
food drive-through in the trip, it should be split
into 2 trips.

30 Work/chores

Paper route

31 Transport within the
context of outdoor play

Loops around the
neighbourhood,
sporadic movement
with no clear
destination

32 Boating or watersports
33 Other

Police station

34 Unknown
35 Transit stop

City bus stop,
subway station,
ferry terminal
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Outside work or chores should be identified in the
participant’s log.
This category represents children’s active play
that PALMS may have captured as a trip. In this
kind of trip, travel mode will be pedestrian or
bicycle, there will likely be no obvious start or end
point, there may be multiple loops and there may
be multiple trips in a row.
This refers to any trip that takes place over water.
If the location does not fall into any other
category.
This will typically occur if the GPS watch has died
before reaching the final location.
For non-school bus travel.

Appendix B: City/Queen’s Recreation Facilities in Kingston (#9, 10)
Arenas






Cataraqui Arena
Centre 70
INVISTA Centre
Memorial Centre
Constantine Arena (CFB Kingston)

Aquatics Facilities





Queen’s ARC
Artillery Park
Tomlinson Aqua Park (Memorial Centre)
Kingston Military Community Sports Centre (CFB Kingston)

Soccer fields


















Caraco Home Field
Bayridge Park
Cloverdale Park
Jim Beattie Park
John Brewer Park
John Machin Park
LaSalle Park
McCullough Park
Meadowcrest Park
Pierson Park
Shannon Park
Woodbine Park
Tindall Field (Queen’s)
Nixon Field (Queen’s)
Miklas-McCarney Field (Queen’s)
CFB Kingston Sports Dome (CFB Kingston)
CFB Kingston soccer fields (including Hospital and McNaughton fields)

Baseball diamonds








Bayridge Park
City Park
Cloverdale Park
Jim Beattie Park
John Brewer Park
LaSalle Park
McCullough Park
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Meadowcrest Park
Pierson Park
Rotary Park
Shannon Park
Victoria Park
Woodbine Park
CFB Kingston baseball diamond
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Appendix C: School and home less than 3 minutes apart
If all trips to and from school were identified while completing the protocol, disregard this appendix.
1. Identify the start and end time of the participant’s school day. This information can be found online.
2. In the Google fusion table, select “Filter” by “dow” (day of week). We are interested in Monday (1)
through Friday (5).
3. Start with dow=1
a. Identify when the participant travelled to and from school. This will appear as green or yellow
points leading to and from school.
b. Determine the time of these trips by:
i. Clicking on the points on the google fusion table and identifying approximately what
time these trips occurred.
ii. Filtering by “datetime” around these identified trips to determine the exact times
iii. Look at the “activity” counts to confirm consistent movement within this time.
c. Change the “0” in the “tripNumber” column to “1+the current highest trip number” for each
trip to and from school
d. Identify the appropriate “tripStart” and “tripEnd” locations as per Appendix A and replace the
“0”s in those columns for the duration of the trip
e. Change the “tripMOT” column to reflect the appropriate modality. In this case it will likely be
pedestrian (1) or bicycle (2).
f. Complete steps a-d for each trip to and from school for that day
4. Complete step 7 for each remaining weekday (i.e., dow=2, dow=3, dow=4 and dow=5)
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Appendix D: Examples

Figure 1: This is an example of a valid vehicle trip from a shopping centre to the participant’s home.

Figure 2: This is an example of a valid pedestrian trip from home to school.
153

Figure 3: Example of an invalid trip that takes place solely within the school yard.
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Figure 4: Example of a valid walk to school. This trip will need to be shortened as there is a clustering of points
once the participant arrived at school.
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Figure 5: Example of a valid trip home on the bus. As there is vehicle travel and walking, this trip will need to
be split into 2 trips.
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Appendix F:
A priori Power Calculation
The a priori power calculation was based on the descriptive analyses in Manuscript 1.
Power estimates were based on having a 95% confidence interval width that was within 20% of
the mean for the entire sample and within 30% of the mean for two subgroups (e.g., boys and
girls), and the assumption that active transportation is normally distributed and has a coefficient
of variation of 1. We anticipated having incomplete and invalid accelerometer and/or GPS data
from ~10% of those completing the study and therefore anticipated having valid measures for
414 participants. A sample of 414 with a 95% confidence interval width that is within 20% of the
mean of the entire sample would have power 85%. A sample of 103 in four subgroups (e.g., the
four seasons) with a 95% confidence interval width that is within 40% of the mean would have
power of 64%.
For Manuscript 2, power estimates were based on Cohen’s approach, which aims to
detect small, medium, or large effect sizes based on standardized quantities.1 A linear regression
approach was used as this is the closest to the two-part model being used in this study. A sample
of 414 would identify a medium effect size (f2=0.15, R2=0.13) with >99% power if 10 potential
covariates remain in the model.

157

References
1.

Cohen J. A Power Primer. Psychol Bull. 1992;112(1):155-159.

158

Appendix G:
Supplementary Results

Table G.1 is supplementary to the results in Chapter 4 and provides effect estimates obtained for
the walkability index and covariates for the association with active transportation in the total sample.

Table G.1 Effect Estimates for active transportation minutes in the total sample (n=367)
Parameter
Intercept
Walkability index
Age
Sex
Boys (ref)
Girls
Season
Winter (ref)
Spring
Summer
Fall
Family Structure
Dual parent (ref)
Single parent
Prefer not to say
Number of siblings

Effect
Estimate
-19.711
0.145
2.058

Standard
Error
0.963
0.004
0.081

P Value

0
-3.33

0.179

<.0001

0
7.410
5.782
5.843

0.249
0.257
0.251

<.0001
<.0001
<.0001

0
-4.132
4.655
-1.922

0.269
1.000
0.096

<.0001
<.0001
<.0001
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<.0001
<.0001
<.0001

