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Abstract
For children and youth, the journey to and from school represents a significant opportunity to
increase daily levels of physical activity by using non-motorized modes of travel, such as walking
and biking. Studies of active school travel have demonstrated that the likelihood a child will walk
or bike is significantly influenced by the distance they must travel between home and school,
which in turn, is influenced by built environment characteristics such as the configuration of the
local road network. This study examines how shortcuts can facilitate active school travel by
decreasing the distance children must travel to get to and from school. A geographic
information system was used to compare shortest route distances along road networks with
and without shortcuts in 32 elementary school zones in London, Ontario, Canada and provide
evidence on the effectiveness of shortcuts to facilitate active school travel. This study contributes
two key findings: (1) shortcuts have a greater impact in areas with low street connectivity and low
population density and (2) children living farther from school are more likely to benefit from
shortcuts. The findings suggest that planners should consider the location and maintenance of
shortcuts in school neighbourhoods in order to promote increased physical activity, health and
well-being among students.
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Introduction

Many children in developed countries live sedentary lifestyles and their lack of physical
activity contributes to the growing obesity epidemic (Giles-Corti et al., 2011). In Canada,
for example, 31.5% of children between the ages of 5 and 17 are classified as overweight or
obese (Roberts et al., 2012). To help maintain a healthy weight and reduce risk of associated
health conditions, it is recommended that children participate in at least 60 minutes of
moderate to vigorous physical activity each day (Tremblay et al., 2011). One way for
children to achieve this recommended daily amount of physical activity is by using active
modes of travel to and from school, such as walking or bicycling (Panter et al., 2010).

Despite the importance of active school travel (AST) to children’s health, in recent
decades there has been a steady decline in participation. Buliung et al. (2009) found a
significant decline of AST in the Greater Toronto Area between 1986 and 2006.
Participation fell from 53.0% to 42.5% for students 11–13 years old and from 38.6% to
30.7% for students 14–15 years of age. Similar declines are also found in other developed
countries, such as the United States (Ham et al., 2008; Mcdonald, 2007), Australia (van der
Ploeg et al., 2008) and the UK (Pooley et al., 2005). While current rates of AST has been
linked to many different individual and neighbourhood characteristics (Boone-Heinonen
et al., 2010; Cerin et al., 2009; Chircop, 2011; Evans, 2009; Giles-Corti et al., 2011;
Lipnowski and Leblanc, 2012; McMillan, 2007; van Loon and Frank, 2011; Wen et al.,
2008), an increase of distance between school and home makes AST very difficult for many
children (Giles-Corti et al., 2011; Larsen et al., 2012; van Loon and Frank, 2011).

Longer distances needed to travel between home and school can be directly linked to the
built environment of the school neighbourhood. The built environment is the human-made
part of our physical surroundings, including the buildings, parks, road systems and other
infrastructure that we encounter in our daily lives (Health Canada, 2002). Many features of
the built environment are related to AST, such as: population density, land use mix, aesthetic
appearance, street scale and provision of sidewalks (Frank et al., 2007; Giles-Corti et al.,
2009, 2011; Larsen et al., 2009, 2012; Mitra and Buliung, 2012; Panter et al., 2008, 2010;
Schlossberg et al., 2005; Timperio et al., 2006), but street connectivity can have one of the
biggest impacts because it can be directly linked to the distance between home and school.

Connectivity is defined as the way in which streets are arranged within a transportation
network (e.g. grid network, cul-de-sacs) and highly connected road networks provide vehicular
and pedestrians traffic to travel within a neighbourhood in a direct manner (Handy
et al., 2002). Connectivity is heavily influenced by average block length and straight-line
distance between two locations (Handy et al., 2002). The traditional grid network, found
in the core of many North American cities, can maximize connectivity by maintaining city
blocks of similar size and providing access to nearby streets while minimizing distance and
creating a more walkable neighbourhood (Giles-Corti et al., 2011); although, with this added
connectivity pedestrians are exposed to higher traffic volume and safety concerns. Children
whose homes border those well-connected areas may be subject to high volumes of traffic
(Giles-Corti et al., 2011), which can lead to lower rates of AST (Panter et al., 2010).

Many newer neighbourhoods have moved away from the traditional grid-like design,
creating developments using traffic calming measures that offer a safe street environment
where children can play, most notably the cul-de-sac (Nelson and Woods, 2007). This
neighbourhood design feature limits through traffic, decreases connectivity and generally
increases distances between origins and destinations, making all forms of active travel less
appealing to residents (Wei and Lovegrove, 2012). Lower traffic flow will increase safety and
provide parents comfort to allow their children to utilize AST, but the limited connectivity of
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the cul-de-sac design often drastically increases the distance children must travel to reach
their school. While the traditional grid and cul-de-sac designs are not the only forms of
neighbourhood road networks they are the predominant forms used in many London
neighbourhoods.

In neighbourhoods where there is low connectivity, planners and developers can shorten
the travel distance between home and school by including shortcuts in their development
plans. Shortcuts are defined in this study as paths, either formal or informal, that increase
connectivity and shorten the travel distance between two locations. These shortcuts can be
formal, which are constructed design features, or informal, which are created by pedestrians
cutting through public or private open space. Past studies have investigated how children’s
AST patterns are related to the connectivity of the road network or distance travelled (Frank
et al., 2007; Mitra and Buliung, 2012; Panter et al., 2008, 2010; Schlossberg et al., 2005, 2006;
Timperio et al., 2004, 2006); however, few, if any, examine how shortcuts affect a child’s
ability to maneuver through their school neighbourhood.

Chin et al. (2008) acknowledged the importance of considering shortcuts alongwith the road
network in order to evaluate how distance and connectivity influence AST. Considering both
shortcuts and road network in analysis can significantly increase the connectivity of a
neighbourhood and lead to shorter travel distances between home and school, especially in
neighbourhoodswith low street connectivity (Giles-Corti et al., 2011; Larsen et al., 2009, 2012).

This study builds upon the current evidence by examining the role that formal and
informal shortcuts play in facilitating AST in the region of Middlesex–London. Two
objectives are addressed to better understand the relationship between shortcuts and AST:
(1) to examine the effect shortcuts have on the distance children travel to school and (2) to
examine how the characteristics of a neighbourhood can change the prevalence of shortcuts
and shorten the distance travelled to school. These objectives will be addressed by conducting
a series of shortest path analyses to compare the road network to the circulation network to
determine the influence shortcuts have on the travel distances between home and school.

The Methods section of this study describes the methods used to collect and analyze the
data. This is followed by results addressing the research objectives. Finally, the discussion
and conclusions examine the relationship between shortcuts and children walking to school
to make recommendations on how to better facilitate AST.

Methods

Data collection

Primary data for this study are a pedestrian circulation network, which is a Geographical
Information System (GIS) layer that is developed by adding shortcuts to the existing
municipal road network. The circulation network is created through a process that
combines Global Positioning System (GPS) tracking, walkabouts and digitizing to
determine accurate locations of formal and informal shortcuts throughout the region.

GPS tracking data, which was collected as part of the Spatial Temporal Environment and
Activity Monitoring (STEAM) project (steamproject.ca; Loebach and Gilliland, 2010),
provided a detailed understanding of the routes that 113 children ages 10 to 13 used to
travel actively to and from school. These children attended one of the six schools across the
region of Middlesex–London in Ontario, Canada between 2010 and 2013. Layering the GPS
tracks on recent orthorectified aerial photographs, or orthophotos, of the region (City of
London Geomatics, 2011, 2012, 2013) within a GIS (Environmental Systems Research
Institute, Inc. (ESRI), 2011) we were also able to identify the physical characteristics of
the route, such as which segments were on formal and informal shortcuts.
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The initial analysis of GPS tracking data provided potential shortcut locations to visit on
the walkabout for each of the six sample schools. The walkabout was developed based on
shortcut locations that were within a 1.6 km ‘walk zone’ around each school. This distance is
the cutoff used locally to determine eligibility for school bus service (Larsen et al., 2012) and
is considered by parents and children to be a reasonable distance for using AST
(Giles-Corti et al., 2011; Hill, 2012; Larsen et al., 2009, 2012). Each walkabout began at
the school, with the researchers recording observations on a paper map. The walkabout
would gradually move outwards to investigate other areas of interest identified from the GPS
data. When shortcuts were identified, photographs were taken and observations recorded
regarding its location (e.g. proximity and directionality relative to the school), built
environment characteristics (e.g. length, width, sinuosity) and appearance (e.g. well-
maintained, cleanliness, visibility from connecting roads).

The six walkabouts provided examples of various types of shortcuts, and these examples
were used to support the creation of a school neighbourhood circulation network. Using
orthophotos as a base layer in GIS, a ‘shortcut’ file (polyline) was created by digitizing
visible shortcuts, in addition to the shortcuts discovered from the GPS and walkabouts.
The walkabouts provided deeper contextual understanding of shortcuts, and how to
identify them using only orthophotos. Once a shortcut was identified on the ground, it
was then possible to locate them on a map from only an aerial view by identifying features
with similar characteristics (e.g. the line of a dirt pathway worn into an otherwise grassed
area). This provided the evidence necessary to accurately digitize the shortcuts for all 32
schools. The map in Figure 1 shows the distribution of shortcuts that have been added to
the network.

Measures

There are several key measures that are used in this study to better understand how shortcuts
can alter the distance children travel on their way to and from school: (1) shortest network
distance; (2) built environment measures and (3) neighbourhood level measures.

Shortest network distance. Hypothetical home locations were created by placing points on
residential addresses at 500-m and 1000-m distance (Euclidean) from each of the 32
schools. The 32 schools were selected to complement other work being done in these
school neighbourhoods by the research team and are stratified by median household
income of the neighbourhood they reside and urbanicity. The length of the shortest
network path was then calculated between the home locations and associated school using
(1) road network and (2) circulation network. The inset map in Figure 1 provides an example
of how the shortest path for the road and circulation networks can differ by distance
travelled and route taken.

Built environment. Four built environment measures are created for the school ‘walk zones’,
including: (1) urbanicity, a binary measure indicating whether the school neighbourhood has
urban or suburban built environment characteristics; (2) intersection density (City of
London Geomatics, 2011, 2012, 2013), the number of four-way (grid-like) intersections
per square kilometre (City of London Geomatics, 2011, 2012, 2013); (3) land-use mix, the
percentage of the school ‘walk zone’ that is zoned as residential, parks and recreation or
commercial land use (City of London Geomatics, 2011, 2012, 2013) and (4) dwelling density
(Statistics Canada, 2006), the number of dwellings in the ‘walk zone’ as estimated by the
census dissemination areas (DA) inside the zone per square kilometre.
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School neighbourhood. Two school neighbourhood measures are created for the school
‘walk zones’, including: (1) median household income (Statistics Canada, 2006), the
income level of the census tracts (CT) in which the school resides and (2) average era
of homes (Statistics Canada, 2006), the average era of homes by year for all DA’s in the
‘walk zone’.

Figure 1. Comparison of Road and Circulation Networks in London, Canada.
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Data analysis

A description of the type of shortcuts that children use for AST is provided. The GPS data,
field notes from the walkabouts and photographs were combined to describe the
characteristics found in formal and informal shortcuts. This analysis helps to create a list
of generalizable shortcuts that were used to identify similar shortcuts on orthophotos from
other school zones.

A series of quantitative analysis using Statistical Package for the Social Sciences (SPSS)
21 (IBM Corp, 2012) was used to determine if there was a significant difference between the
length of the shortest path calculated using the road network and the circulation network.
A Shapiro–Wilk test of normality (Rogerson, 2010) was run to determine which type of
significance test would be appropriate based on its distribution, either a paired sample t-test
(normally distributed) or a related sample test (non-parametric data). These tests were
completed for three different groupings of data: (1) entire data set; (2) 500m and 1000m
and (3) each of the 32 schools.

A quantitative analysis was conducted in SPSS to examine how the characteristics of a
neighbourhood can change the prevalence of shortcuts and shorten the distance travelled to
school. Analysis of variance (ANOVA) was used to compare the mean difference in length of
the shortest path between difference in median household incomes, dwelling densities,
intersection densities, % of residential land use, % of parks and recreation land use, % of
commercial land use and average era of home. T-Tests were used to compare the mean
difference for urbanicity.

Results

Description of shortcuts

The walkabouts helped identify six different types of shortcuts, categorized into informal
and formal shortcuts. Definitions of the different types of shortcuts and discussion regarding
their impact on ATS can be found in Table 1 and photographs of examples of these different
shortcuts can be found in Figure 2. Informal shortcuts are defined as pathways created by
pedestrians who cross through an open space (public or private) in order to take a more
direct route and shorten their distance travelled. Two types of informal shortcuts that were
identified during the walkabouts include ‘desire lines’ and ‘desired shortcuts’. The creation of
these informal shortcuts shows the ingenuity and desire of pedestrians to take the shortest
possible route.

Formal shortcuts are defined as built paths that have been created (with the approval of
the municipality) by private developers, institutions or the municipality with the intention of
increasing connectivity for pedestrians and supporting active travel. There were four types
of formal shortcuts identified during the walkabouts: school shortcuts, neighbourhood
shortcuts, inconvenient shortcuts and misplaced shortcuts (see Table 1). While the design
of both formal and informal shortcuts may not always be the safest way to travel to school,
children (and other pedestrians) apparently strive to always take the shortest route to school,
and methods used to measure the shortest path needs to consider shortcuts.

Shortcuts influence the distance to school

The difference between the shortest path distances calculated for the road network (without
shortcut) and circulation network (with shortcuts) was compared using a series of paired
statistical tests (parametric or non-parametric as applicable), and the findings show that all
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of the comparisons are significant. On average, students residing in the homes located 500m
from the school would be required to travel 766 m to school when only the road network is
used, or 71m farther than if they used the shortest path along the circulation network of
695m (t value¼ 10.6; df¼ 748; p< 0.001). Similarly, the children whose homes are located
1000m from school would be required to travel an average of 1481m, or 74m farther than if
they took the circulation network shortest path of 1408 metres (t value¼ 13.224; df¼ 1243;
p< 0.001). The findings show that there is a higher significant difference when evaluating the
homes located 1000m from the school.

Table 1. Descriptions of formal and informal shortcuts found in London, Canada during walkabouts.

Type of shortcut Definition Influence on Active School Travel

Informal shortcuts
Desire lines (Figure 1,

Image 1)
Dirt paths (or trampled snow) that

cross parks and open fields that are
created from repeated use. They
show locations where paths should
be located for children and other
active travelers to use while
navigating the neighbourhood

These provide direct routes for
children to travel to school, but
the distance to cross these fields
can be significant and there are
rarely surrounding buildings or
lighting to provide a sense of
safety

Desired shortcuts
(Figure 1, Image 2)

Pathways within the built environment
created through the deliberate
modification of the physical
environment. These paths are a
result of fencing being removed or
altered in order to create a new
pathway

Creating and using these paths can
involve negative behaviours, such
as trespassing and property
damage. They are also frequently
located in areas of low visibility
like the back of malls and
apartment buildings

Formal shortcuts
Schoolyard shortcuts

(Figure 1, Image 3)
Built paths that cut directly into a

schoolyard from the surrounding
neighbourhood help to improve
children’s access to the school yard
through secondary entrances

Without these shortcuts, children
would only be able to access the
school and the surrounding yard
through the main entrance

Neighbourhood
shortcuts (Figure 1,
Image 4)

Built paths that connect a
neighbourhood to an adjacent
neighbourhood or main road that
would be difficult to access by using
the road network (includes ‘cul-de-
sac connectors’)

These shortcuts provide children
with a direct way to move
between different parts of a
neighbourhood that are
disconnected due to cul-de-sac
designs

Inconvenient shortcuts
(Figure 1, Image 5)

Built path that provide access to
schools and other neighbourhood
locations but are unable to be used
year round due to no winter
maintenance

If a child decides to use these
shortcuts despite the warning
from the city, they may be at risk
of injury, but taking an alternative
route may significantly increase
the length of the trip

Misplaced shortcuts
(Figure 1, Image 6)

Built path constructed in a location that
is unused and/or does not facilitate
active travel to school and other
neighbourhood locations

These shortcuts do not provide any
help to children in their travel to/
from school
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School by school comparison. The next analysis determines the schools that have significantly
shorter distances to AST due to the existence of shortcuts. Since each school is influenced
differently by shortcuts, this analysis will determine how distance (500- and 1000-m home
locations) and the school environments can influence the distance saved. Tables 2 and 3 show
the results of a paired t-test analysis for each individual school.

The results in Table 2 show that the influence of shortcuts on children whose homes are
located 500m from their school can vary greatly between schools. In four schools, the
shortcuts did not change the distance between home and school. Another 15 schools
showed insignificant change between the road and circulation network and despite many
of these school neighbourhoods having many shortcuts, they are not located within 500m of
the schools. The remaining 13 schools were found to have a significant difference in the
distance travelled between home and school when accounting for shortcuts.

The results in Table 3 show all but six schools exhibit significant changes in travel
distances when examining the difference between the shortest path of the road and
circulation networks. These findings show that the farther a home is away from a school,
the more impact shortcuts can have on a child’s AST.

While the majority of schools do have shortcuts to help facilitate AST, there are two
schools (schools N and Y) where the shortcuts do not change the distance between home and
school. Both schools have unique characteristics that make shortcuts irrelevant for AST.
School N, is located in a new neighbourhood that is still under construction. While there
may eventually be shortcuts for children to use, there are high safety fences separating the
school yard from the surrounding construction. School Y, is a catholic school with a special
arts program, which draws the majority of their students from far outside the 1.6-km
walking zone, making shortcuts unnecessary.

Figure 2. Examples of shortcuts found during walkabouts in London, Canada.
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Socio-demographics, built environment and shortcuts

While the majority of school neighbourhoods have shortcuts present in the 1.6-km walk
zones surrounding the school, they do not all benefit equally by the presence of shortcuts.
Table 4 shows the results of an ANOVA (or difference in means test where applicable)
comparing the distance travelled when accounting for different characteristics of the built
environment. The results show that urbanicity, dwelling density and intersection density are
significantly related to a lower distance travelled due to shortcuts.

The significance of dwelling density and intersection density is directly linked to the fact
that urbanicity is significant, as an urban neighbourhood is defined as a neighbourhood with
high dwelling and intersection densities. The results complement each other, with children in
suburban neighbourhoods with low dwelling density and low intersection density benefitting
the most from the presence of shortcuts. Urban neighbourhoods already have high

Table 2. Difference in means t-test of homes 500 m from school.

School
Number
of homes

Road Circulation Difference

T-value P valueM SD M SD M SD

School A 16 985.7 359.9 737.0 104.8 248.8 274.3 3.6280 P< 0.010
School B 54 665.9 133.6 633.1 83.7 32.8 84.8 2.8420 P< 0.010
School C 19 969.9 215.3 697.8 80.6 272.1 189.5 6.2600 P< 0.001
School D 35 658.5 122.8 639.9 121.3 18.6 38.7 2.8490 P< 0.010
School E 10 1248.5 291.1 968.5 266.8 280.1 206.6 4.2870 P< 0.010
School F 21 733.0 105.3 709.4 82.4 23.6 59.2 1.8260 0.083
School G 24 716.4 168.8 673.1 88.6 43.3 139.3 1.5250 0.141
School H 20 735.5 198.7 674.4 121.7 61.2 131.7 2.0780 0.052
School I 22 713.2 135.1 669.8 72.8 43.5 120.4 1.6930 0.105
School J 26 712.3 161.0 703.8 146.0 8.4 20.1 2.1320 P< 0.050
School K 22 677.6 145.3 656.0 100.7 21.5 61.2 1.6490 0.114
School L 25 684.1 87.3 684.1 87.3 0.0 0.0 0.0000 1.000
School M 19 732.7 140.3 707.0 124.3 25.7 56.5 1.9810 0.063
School N 15 874.5 398.9 874.5 398.9 0.0 0.0 0.0000 1.000
School O 31 686.2 128.0 686.2 128.0 0.0 0.0 0.0000 1.000
School P 23 786.1 27.9 726.8 107.4 59.3 79.7 3.5680 P< 0.010
School Q 28 647.7 76.3 645.2 77.0 2.5 9.2 1.4490 0.159
School R 18 671.9 153.0 667.5 143.9 4.4 18.8 1.0000 0.331
School S 23 702.0 138.7 666.5 72.6 35.5 95.8 1.7780 0.089
School T 18 676.6 112.8 656.8 106.8 19.8 57.6 1.4580 0.163
School U 22 1052.6 445.2 685.7 113.5 366.9 383.8 4.4840 P< 0.001
School V 19 662.1 156.7 662.1 156.7 0.0 0.0 0.0000 1.000
School W 26 821.3 223.1 765.1 160.4 56.2 108.5 2.6420 P< 0.050
School X 15 699.3 180.8 664.3 97.0 34.9 135.3 1.0000 0.334
School Y 20 675.4 115.9 675.4 115.9 0.0 0.0 0.0000 1.000
School Z 20 858.8 192.4 798.4 205.3 60.4 134.6 2.0070 0.059
School AA 49 785.4 178.3 738.4 108.7 47.0 91.9 3.5810 P< 0.010
School BB 32 817.7 428.9 686.7 139.3 131.0 413.9 1.7910 0.083
School CC 17 713.3 127.2 662.8 107.8 50.4 47.7 4.3570 P< 0.001
School DD 13 1028.1 322.2 743.1 156.2 285.0 308.2 3.3310 P< 0.010
School EE 13 679.0 258.2 676.0 260.9 3.1 11.1 1.0000 0.337
School FF 34 944.9 312.5 682.0 93.4 262.9 296.7 5.1670 P< 0.001
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connectivity, with short blocks and grid-like street design, making shortcuts unnecessary and
cost prohibitive to build. In contrast, the ‘loop and lollipop’ design of suburban
neighbourhoods provides ample opportunities to increase connectivity in a neighbourhood
by building shortcuts (Southworth and Owens, 1993).

Discussion and conclusions

This study has sought to better understand how formal and informal shortcuts can impact
the distance a child needs to travel between home and school. Only a minority of AST
researchers have incorporated sidewalks or formal shortcuts into a circulation network to
predict routes and measure connectivity (Giles-Corti et al., 2011; Larsen et al., 2009, 2012).
The results of this study provides three key contributions to the literature: (1) provides an
example of how researchers and planners can use GPS data and walkabouts to identify
shortcuts from orthophotos; (2) reveals how shortcuts can significantly shorten the
distance between home and school and (3) suggests that shortcuts can be used in planning
practice to help facilitate AST.

Table 3. Difference in means T-Test of homes 1000 m from school.

School A 25 2239.3 827.2 1666.6 507.8 572.7 590.7 4.847 P< 0.001
School B 94 1443.9 340.6 1411.1 336.8 32.8 97.2 3.3790 P< 0.010
School C 37 1788.4 671.6 1614.9 645.5 173.5 188.3 5.6070 P< 0.001
School D 76 1517.6 527.2 1396.9 221.8 120.7 363.9 2.8920 P< 0.010
School E 12 1866.8 249.4 1541.5 272.6 325.4 215.2 5.2390 P< 0.001
School F 6 1770.8 609.6 1724.3 562.4 46.4 53.4 2.1310 0.086
School G 47 1281.5 147.8 1267.2 142.2 14.3 31.3 3.1200 P< 0.010
School H 31 1413.5 187.2 1329.8 169.2 83.7 101.9 4.5750 P< 0.001
School I 44 1436.5 190.4 1400.5 180.1 36.0 44.6 5.3450 P< 0.001
School J 38 1370.4 266.5 1355.5 253.3 14.9 24.2 3.7960 P< 0.010
School K 45 1306.0 150.3 1297.4 143.5 8.5 28.4 2.0140 0.050
School L 43 1395.3 186.3 1394.0 186.0 1.4 3.1 2.8480 P< 0.010
School M 35 1597.5 353.6 1470.5 236.9 127.0 251.7 2.9860 P< 0.010
School N 13 1384.7 196.8 1384.7 196.8 0.0 0.0 0.0000 1.000
School O 58 1355.7 135.8 1343.6 133.9 12.1 35.9 2.5650 P< 0.050
School P 33 1481.6 302.8 1440.9 301.6 40.7 68.7 3.4080 P< 0.010
School Q 33 1290.9 125.2 1283.1 124.6 7.8 14.2 3.1520 P< 0.010
School R 28 1874.5 1478.1 1854.7 1457.7 19.8 34.8 3.0150 P< 0.010
School S 30 1365.2 150.4 1351.7 138.5 13.6 33.3 2.2330 P< 0.050
School T 38 1314.8 147.7 1290.0 134.3 24.8 58.4 2.6200 P< 0.050
School U 20 1493.7 335.8 1265.6 118.3 228.1 295.9 3.4480 P< 0.010
School V 52 1404.5 225.0 1403.2 224.8 1.3 5.2 1.7670 0.083
School W 29 1483.9 288.5 1387.1 183.1 96.8 177.9 2.9300 P< 0.010
School X 31 1309.5 148.6 1294.4 136.1 15.1 47.9 1.7520 0.090
School Y 47 1313.5 110.5 1313.5 110.5 0.0 0.0 0.0000 1.000
School Z 27 1358.7 213.0 1318.8 184.8 39.9 82.3 2.5220 P< 0.050
School AA 78 1528.8 352.5 1450.5 246.4 78.3 136.3 5.0730 P< 0.001
School BB 68 1592.3 595.6 1475.0 454.2 117.3 212.0 4.5620 P< 0.001
School CC 36 1589.6 355.6 1502.5 327.2 87.1 111.8 4.6740 P< 0.001
School DD 27 1763.2 501.7 1550.7 401.9 212.5 194.5 5.6770 P< 0.001
School EE 39 1423.5 345.1 1418.7 347.7 4.7 11.3 2.6290 P< 0.050
School FF 24 1580.8 259.8 1318.8 83.6 262.0 260.2 4.9340 P< 0.001
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GPS data and walkabouts

The GPS data from the STEAM project and walkabouts in the six school neighbourhoods
were essential to identifying the types of shortcuts that children use during AST. Using the
GPS tracks identified many of the shortcuts that children use on their AST routes, while the
walkabouts provided evidence as to where exact shortcuts exist in school neighbourhoods.
This two-tiered approach provided the greatest benefit for unusual shortcuts, such as some
that were discovered behind plazas and across parking lots, which may not have been easily
identified from orthophotos. We were then able to see what these ground trothed locations
looked like on an orthophoto and find similar locations in other areas of the region.
Additionally, the walkabouts and GPS data were helpful in determining potential routes
to school for the 26 schools for which walkabouts were not conducted.

Table 4. Results of T-Test and ANOVA comparing built environment and Socio-Economic Status with
change in distance between circulation and road network for homes located 500 m from school.

Variables N M SD

Urbanicity (T¼ 17.330, p< 0.010)
Urban 9 15.693 17.406
Suburban 23 102.516 116.545

Dwelling density (F¼ 3.769, p< 0.050)
Low 15 127.0899 122.3210
Medium 14 42.3402 72.4985
High 3 0.0000 0.0000

Median household income (F¼ 1.831, p¼ 0.178)
Low 6 12.1596 14.1395
Medium 19 83.2663 113.8436
High 7 120.5954 112.9024

Intersection density (F¼ 4.668, p< 0.050)
Low 10 148.1130 136.6184
Medium 11 71.4352 96.1403
High 11 21.1086 20.8760

% of Residential land use (F¼ 0.4650, p¼ 0.633)
Low 11 99.6903 133.9116
Medium 10 79.4448 101.3038
High 11 55.2791 82.1246

% of Parks and recreation land use (F¼ 1.473, p¼ 0.246)
Low 11 121.7234 141.8354
Medium 10 59.6395 76.8740
High 11 51.2509 79.6080

% of Commercial land use (F¼ 3.207, p¼ 0.055)
Low 12 132.1680 143.0320
Medium 8 68.9969 88.5522
High 12 30.0934 24.6340

Average era of home (F¼ 2.917, p¼ 0.052)
Before 1946 3 0.0000 0.0000
1946–1970 8 26.7922 22.4948
1971–1990 18 94.9441 113.9127
1991–2006 3 191.9271 145.8300

Note: ANOVA: analysis of variance.
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Without the GPS data and the data collected from walkabouts, the circulation network
would have been limited to only the most highly visible shortcuts and pedestrian pathways.
These two data sets allowed for a higher degree of accuracy in identifying shortcuts that
children take to school than would have been possible otherwise. Other researchers who wish
to create a circulation network should conduct ground-truthing exercises to ensure the most
accurate network possible.

Shortcuts and Active School Travel

The comparison between the circulation network and road network has shown that
the distance children need to travel to and from school decreases significantly when
shortcuts are taken into consideration. The inclusion of shortcuts increases connectivity
that would be overlooked if only the road network was used in analysis. This finding is
most important for communities that are more dispersed and suburban in design. Older
neighbourhoods tend to have traditional grid pattern road networks that offer more
direct routes through higher connectivity (Giles-Corti et al., 2011; Southworth and
Owens, 1993). Density in the downtown core is much higher and in turn attracts more
shops and services (Saelens and Handy, 2008), which are easily accessible because of high
connectivity levels. Suburban neighbourhoods have much lower densities and typically
feature winding roads and often cul-de-sacs. These design features can reduce vehicular
traffic by reducing through roads, but this also decreases street access to pedestrians
(Wei and Lovegrove, 2012).

Although suburban neighbourhoods might not appear to be well connected or have a
variety of land use mixes in one area, these communities often have the greatest amount of
shortcuts, especially at distances of 1000m from the school. For example, schools with the
greatest significance differences in distance travelled are schools A, C and H, all of which are
in the suburban fringe of the region where there is very low connectivity. Without the
presence of shortcuts, these neighbourhoods would be disconnected and discourage active
travel; however, these areas offer many options for shortcuts that encourage children’s AST
by decreasing distance and increasing connectivity. Shortcuts can also increase perceptions
of safety by changing the shortest route between home and school, which has the ability to
avoid a dangerous area in a neighbourhood caused by traffic congestion, crime and other
safety concerns. These neighbourhoods could serve as examples for planners as future
policies around neighbourhood development are created.

The results of this study illustrate the importance of including shortcuts (both formal
and informal) when evaluating AST and other types of active travel. This is especially
important to consider when evaluating suburban school neighbourhoods and students
who live farther away from the school. By not considering shortcuts, researchers may
actually be overestimating distance and misrepresenting the relationship between the built
environment (BE) and AST.

Policy implications

Since shortcuts have been proven to significantly affect a child’s route to school, it would be
prudent of planners and policy makers to consider implementing formal shortcuts into new
development projects. This would help alleviate traffic congestion around the schools as
parents would feel more comfortable allowing their children to walk. Although this type
of infrastructure is not always found in sprawling, suburban communities, these areas could
be possible candidates for shortcuts. Typically, suburbs encourage travel by vehicle since
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amenities are not located near homes, but implementing shortcuts in these neighbourhoods
would decrease the need to drive as often.

Another way to decrease the distance between home and school would be to use the
school as a ‘community anchor’ (Committee on Environmental Health, 2009). In the past,
schools were built in central areas and were used to facilitate after school programs and
community events along with providing education (Committee on Environmental Health,
2009). This would create a school facility as a place that the community can congregate and
find it worthy of having as a central location.

Identifying areas where shortcuts are most needed is a challenge for policy makers. Often,
this can be done by identifying desire lines (as was done in this study) and creating a formal
shortcut in their place; however, as future communities are planned, predictions can be made
about where shortcuts are to be located. Planners need to consult research to more
accurately predict where a shortcut would be helpful and use the design of successful
neighbourhoods as a model. It could be to the benefit of planners to take note of areas
that have had misplaced shortcuts and to consider the consequences of implementing formal
shortcuts before knowing how that community will develop in the future.

Future research

While this study is an important methodological step in understanding how shortcuts
influence the relationship between AST and the BE, much research remains to be done.
Researchers need to integrate the idea of a circulation network into the other BE
characteristics, including intersection density and street connectivity, to better understand
the true infrastructure available to active travelers. Furthermore, researchers need to
examine if including shortcuts into a network increases the ability to predict routes
children take to and from school, especially since we know distance plays a key role. If
we can better predict routes children take without having to directly observe and measure
them, it will become easier to develop population-based simulation models to estimate child
exposure to traffic and safety hazards while travelling to school.
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