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Abstract: The health benefits of walking and cycling to and from Article history:
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children in Toronto, using multiple cross-sectional data from 1986,
1996, and 2006 Transportation Tomorrow Surveys. Results from bi-
nomial logit models suggest that school-travel distance and neighbor-
hood built environment indeed explain some variation in the odds of
AST between 1986 and 2006, and that the correlates of AST may have
changed over time. Higher neighborhood block density correlated with
walking/cycling in 1986. In contrast, household automobile owner-
ship was negatively associated with AST in 2006; the effect of the built
environment was relatively weak for that year. In addition, fewer chil-
dren walked/cycled in 2006 compared to 1986, even when distance to
school was short (<0.8 kilometers). Policy and programs should recog-
nize the potentially changing role of travel distance to school and au-
tomobile ownership on a child’s school travel outcome. Interventions

in neighborhoods with high automobile ownership should specifically

focus on education and encouragement to increase AST rates.

1 Introduction

The potential benefits of active school transportation (AST), or walking and cycling to and/or from
school, for children and youth are widely recognized. AST provides an opportunity for accumulating
physical activity regularly during the school year (Active Healthy Kids Canada 2013; Transportation
Research Board 2005; Tudor-Locke, Ainsworth, and Popkin 2001). Those who regularly walk or cycle
to and from school also tend to be more independent travelers, and may demonstrate better social and
cognitive development compared to children who are regularly driven (Active Healthy Kids Canada
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2013; Fusco et al. 2012). However, a systematic decline in AST over the past four decades has been re-
ported across Western nations, and the majority of these lost walking or cycling trips were likely replaced
by driven trips to and from school (Buliung, Mitra, and Faulkner 2009; McDonald et al. 2011; van der
Ploeg et al. 2008; Buliung et al. 2011).

Policymakers, professionals, and grass-roots organizations have taken notice of these low and de-
clining AST rates. Rapid suburbanization and automobile-oriented neighborhood design and decen-
tralization of public schools (i.e., larger and fewer “magnet” schools instead of smaller neighborhood
schools) are frequently hypothesized as potential reasons for the decline in walking and cycling among
children. In response, several programs have been developed across North America to encourage and en-
able AST among children and youth attending elementary and middle schools (Buliung et al. 2011; Na-
tional Center for Safe Routes to School 2007; Green Communities Canada 2013). The neighborhood
environment remains a major focus of current initiatives. For example in the United States, significant
resources have been dedicated through the federally funded Safe Routes to School (SRTS) programs for
improving the built environment near schools (National Center for Safe Routes to School 2007). Cana-
dian School Travel Planning (STP) programs, which are largely community-initiated but publicly fund-
ed, also have a major focus on the neighborhood environment (Green Communities Canada 2013).

2 Current evidence on the correlates of AST

Recent policy and professional interest around school transportation is backed by an emerging literature
that reports important associations between the neighborhood built environment and AST. A detailed
discussion of this literature can be found elsewhere (e.g., Mitra 2013; Stewart 2011). In particular, previ-
ous research that has explored school travel among students attending elementary and/or middle schools
suggests a strong negative association between AST and the distance between home and school locations
(Mitra and Buliung 2014; Schlossberg et al. 2006; Yang, Abbott, and Schlossberg 2012). The neigh-
borhoods that are commonly considered “walkable” and safe (e.g., those with small residential blocks,
land-use mix, local streets, slow and light traffic, street lights/signs) may encourage walking and/or
cycling among children and youth, although empirical findings remain mixed and somewhat inconsis-
tent (Larsen, Gilliland and Hess 2012; McMillan 2007; Mitra and Buliung 2012; Panter et al. 2010a).
Perceptions of the neighborhood environment, particularly those related to traffic and personal safety,
may also influence school travel outcomes (Lee et al. 2013; Panter et al. 2010b; Timperio et al. 2006).

The importance of socio-demographic characteristics of a child/youth and his or her household
on AST uptake is also well documented. Young children (Lee et al. 2013; Mitra, Builiung and Roorda
2010), girls (Larsen et al. 2009; Mitra and Buliung 2012), and those with easy access to private auto-
mobiles (Lee et al. 2013; Mitra and Buliung 2014) may be less likely to walk/cycle to school compared
to older children/youths, boys, and those with less or no access to private automobiles. Findings related
to household/neighborhood income remain mixed (McMillan 2007; Larsen et al. 2009; Mitra and
Buliung 2014; Timperio et al. 2006). However, despite a potentially significant influence on travel
outcomes, these social aspects have rarely been addressed in current AST-related policy and programs.

Few studies have quantitatively examined the correlates of AST over time. McDonald (2007)
found that school-travel distance in the United States has increased considerably between 1969 and
2001, which likely explains a large proportion of the observed decline in AST rates during the same
period. By contrast, Grize et al.’s (2010) study of AST trends in Switzerland indicated that cycling rates
(adjusted for socio-demographic variations) declined between 1994 and 2005 despite a relatively un-
changed school-travel distance over time. In addition, cycling school trips were less likely in “urban” ar-
eas in 2000 and 2005, compared to 1994. On the contrary, the socio-demographic correlates of cycling
and driving remained similar over time.
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3 Research questions

Some exceptions aside, most research into school transportation is cross-sectional. This is a limitation,
because while our understanding of the AST behavior continues to emerge, these cross-sectional investi-
gations do not directly explain temporal variation (i.e., decline during the last decades) in AST rates. In
particular, the potential changes in the relationship between the built environment and AST over time
have yet to be examined empirically. This paper addresses this important gap in current literature par-
ticularly by examining the built environment—AST relationship in Toronto, Canada, using multiple
cross-sectional survey data. Two research questions were examined in relation to school-travel mode-

choice behavior in 1986, 1996, and 2006:

* First, do variations in school travel distance and neighborhood built environment explain tem-
poral difference in the odds of undertaking AST?

* Second, have the socio-demographic and built environment correlates of AST remained similar
over time?

The latter question is particularly novel in the context of the current trend of declining AST rates. Part
of this decline may be explained by a change in parental attitudes toward children’s mobility, potentially
leading to the current parenting model wherein adult supervision and surveillance are often considered
to be essential practices (Fotel and Thomsen 2004; Fyhri et al. 2011; Mitra 2013; Shaw et al. 2013).
However, the neighborhood built environment (or rather, the perception of it) may also have con-
tributed to this decline, and this remains the particular focus of our study. Current theoretical works
on school-travel behavior have identified neighborhood perceptions (e.g., perceived distance, perceived
traffic and personal safety, perceived comfort and attractiveness, perceived opportunity to produce and
maintain social capital) as the intervening causal factors that explain the association between physical
characteristics of a neighborhood and a child’s school travel outcome (McMillan 2005; Mitra 2013).
From this theoretical perspective, and in the absence of empirical evidence, two alternative hypotheses
can be proposed. First, deterioration of neighborhood environmental qualities, which would produce
increased parental concerns about children’s safety and their capability of undertaking AST, for example,
may explain current school-travel behavior. In this hypothetical scenario, the correlates of AST would
remain relatively similar over time. Second, over the past decades, parents may have become more or less
sensitive to certain neighborhood environmental characteristics with regard to their children’s mobility.
A change in these perceptual mediators (i.e., the perceived importance of a built environment metric as
an enabler or barrier to walking) over time may produce a difference in the correlation between a built
environment metric (e.g., distance, land-use mix) and school travel mode.

If the goal of public policy is to reverse the current trend of declining AST rates, it is critical that
the reasons behind this decline are explored, identified, and specifically addressed. This paper advances
current research on this topic by improving our understanding of the temporal differences in the socio-
demographic and built-environment effects. In addition, the paper provides a Canadian comparison to
international case studies (e.g., McDonald 2007; Grize et al. 2010), which is essential for local policy
development. The results will help urban planners, health professionals, and grass-roots organizations in
designing informed interventions, perhaps within the frameworks of SRTS, STD, or similar programs,
to enable walking and cycling among children.
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4 Methods

4.1 Study area and data

School-transportation mode-choice behavior in Toronto, Canada, was examined. Toronto is the largest
city in Canada and the fourth largest in North America, and has a population of 2.6 million (Statistics
Canada 2012). The neighborhoods in Toronto, which have emerged and grown over the past 200 years,
demonstrate large diversity both in terms of the built environment and socio-demographic character-
istics of the residents, and provide an appropriate setting for exploring the built environment-AST
relationship over time. Similar to other urban regions in the developed world, AST rates in Toronto
have declined significantly over the past 25 years. Between 1986 and 20006, for example, the AST rate
among 11-to 13-year-old children declined from 57.4 percent to 48.8 percent (Buliung, Mitra, and
Faulkner 2009).

The data used in this study come from the Transportation Tomorrow Survey (TTS), which is a
series of cross-sectional household travel surveys conducted in the Greater Toronto and Hamilton Area
(GTHA) once every five years since 1986 (Data Management Group 2013). For the purpose of this
research, data from 1986, 1996, and 2006 surveys were used. Data from the latest TTS (i.e., the 2011
TTS) could not be used because household level travel data was not available to researchers at the time
of analysis. The TTS collects retrospective travel-behavior data for a single weekday in fall or spring of
each survey year. An adult household member is interviewed over telephone, who proxy-reports for all
household members age 11 and older. The 1986 T'TS included 4.2 percent sample of all households
in the study area. The 1996 and 2006 TTS included 5 percent samples of all households. The survey
method was largely consistent across all survey years (Data Management Group 2009).

This study focuses on 11-year-old children’s (likely attending grades five or six) home-to-school
trips in the morning. Data on younger children were not collected in the TTS. Older children and
youth were excluded because most middle schools and high schools in Toronto are located farther apart
and are not within easy walking or biking distance for many students. In addition, youths are typically
hypothesized as more independent and “mature” travelers compared to children. All school trips that
occurred between 6:30 and 9:30 a.m. were explored. This process excluded some trip records from the
1986 TTS data because of missing start time data (Data Management Group 2009).

TTS does not collect data on travel routes, and as a result, true school travel distance could not
be included in the analysis. Researchers have explored self-reported (McDonald 2008; McMillan et al.
2007), straight-line (Mitra, Buliung, and Roorda 2010; Yarlagadda and Srinivasan 2008), or network
(i.e., minimum path) distance (Mitra and Buliung 2014; Schlossberg et al. 2006; Timperio et al. 2006;
Yang, Abbott, and Schlossberg 2012) in absence of travel route data. While most recent studies estimate
school-travel distance using a network distance approach, some have questioned the conceptual and
empirical validity of this method (Buliung et al. 2013). In this study, straight-line distance between each
child’s home and school locations was analyzed as a proxy variable representing school-travel distance.
Three distance categories were explored: 0 to 0.4 kilometers (i.e., 400 meters is approximately 5 minutes
walking distance for a child of this age), 0.4 to 1.6 kilometers (1.6 kilometer or 1 mile approximately
represents typical catchment areas for Toronto District School Board), and 1.6 to 3.2 kilometers (a
threshold of 3.2 kilometers or 2 miles was assumed to be the maximum feasible walking and cycling
distance for a child). All longer trips were excluded from the analysis.

Built-environment characteristics were explored at the scale of traffic analysis zones (TAZ). The
TTS divides the city of Toronto into 481 TAZs; each represents a maximum of 3000 people (Data Man-
agement Group 2009). Street network characteristics of the TAZs were represented by several variables
that were computed using Toronto’s 2006 street network file (DMTI CanMap© RouteLogistics file,
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version 2007.3); GIS street files for the other survey years were not available.

The study analyzed travel behavior data for students living in only 162 out of a total of 481 TAZs.
A smaller sample space was considered for two reasons. First, TAZs that did not include at least one re-
corded school trip in each of the three survey years were excluded from the analysis. The goal was to keep
the geographical extent of analysis consistent across time. Second, TAZs that showed visually noticeable
changes with regard to street network coverage (i.e., growth or changed layout) during the 1986-2006
time period were excluded to maintain accuracy of the street network related variables, which were mea-
sured using the 20006 street network.

Zonal employment-to-population ratio was calculated using the TTS data on work trip ends and
residential locations and was explored as a categorical variable (<0.5, 0.5 to 1.5, and >1.5) to repre-
sent land-use mix within a TAZ. Population and employment densities were also calculated, but these
variables were excluded from the final analysis due to multi-collinearity problems. Building age data,
obtained from Statistics Canada, was used to identify the maturity of the neighborhoods. This charac-
teristic was explored as a dummy variable that defined a TAZ as new if the majority (>50 percent) of the
buildings were less than 15 years old.

Socio-demographic information of a student and his or her household was obtained from TTS
(Table 1). Household income data was not collected in TTS. As a result, we supplemented it with
zone-based census records of household income and considered the median zonal income to identify
low-income neighborhoods.

After reducing the initial sample to include only TAZs with no significant street change and after
adjusting for missing data and outliers, the final datasets included 198 home-to-school trips for 1986,
410 trips for 1996, and 427 trips for 2006.

Table 1: Summary statistics (unweighted) for 11-year-old children living within 3.2 kilometers of their schools

1986 (n=198) 1996 (n=410) 2006 (n=427)
% Mean (s.d.) % Mean (s.d.) % Mean (s.d.)

Sex

Female 51.5 53.2 54.1

Male 48.5 46.8 45.9
Number of children in household 1.95(0.78) 2.13(0.89) 2.06 (0.91)
Single-adult household 6.6 12.9 15.5
All adults in household work full time | 46.0 26.8 29.5
Access to personal vehicles

No vehicle 7.6 17.6 17.6

One vehicle 47.5 47.5 52.4

Two or more vehicles 44.9 34.9 30.0
School travel distance (km) * 0.75 (0.62) 0.79 (0.67) 0.84 (0.66)

< 0.4 km 31.25 33.41 29.04

0.4 to 1.6 km 58.59 54.15 59.25

1.6 km to 3.2 km 10.16 12.44 11.71
Travel mode (trip to school)

Walk (active) 73.3 61.2 56.9

Cycle (active) 1.0 0.3 0.5

Transit (non-active) 7.5 7.8 6.6

School bus (non-active) 10.6 10.7 10.3

Car (non-active) 7.6 20.0 25.5

Other 0.0 0.0 0.2

Note: * Mean school travel distance between 1986 and 2006 were not significantly different (t= 1.66; p= 0.10).
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4.2 Analysis

School travel modes were categorized into active and non-active modes. Active modes include walking
or cycling to school, a definition that is consistent with some of the current school transportation litera-
ture (e.g., Mitra and Builung 2012a; Panter et al. 2010a; Yang, Abbott, and Schlossberg 2012). Binary
logit models were estimated to explore the correlates of active travel to school (versus non-active travel)
during the morning period.

Two types of logit models were estimated in this study:

* Models estimated using pooled data from all three survey years. Similar to the method used by
Grize et al. (2010), the year of data collection (i.e., 1986, 1996, and 2006) was included in these
models as a categorical independent variable. The purpose here was to identify if variations in
travel distance and the neighborhood built environment could explain difference in the odds of
AST across different temporal points (i.e., the correlation between the year of survey and AST).

* Models estimated using independent datasets for each survey year, and with the same set of
independent variables for each year. These models were estimated to explore whether the nature
of the relationship between socio-demographic characteristics, the built environment, and AST
has remained similar over time.

5 Results

Among 11-year-old children in Toronto, the proportion of female students ranged between 51.5 per-
cent in 1986 to 54.1 percent in 2006; the difference across the three samples was not statistically signifi-
cant (x* = 0.14, df = 2, p = 0.93) (Table 1). The 1986 sample included a lower proportion of single-adult
households (although not statistically different from other years) and a higher proportion of households
in which all adults worked full time (x* = 9.62, df = 2, p = 0.018). The household automobile owner-
ship rate was somewhat different across survey years (x* = 8.15, df = 4, p = 0.086). For example in 1986,
45 percent of households had access to two or more privately owned vehicles, compared to only 30
percent of households in 2006. Only TAZs with consistent (over time) street coverage were included in
this study. Population density, employment density, and employment-to-population ratio were largely
similar across the three survey years. Not surprisingly, however, a lower proportion of neighborhoods in
1986 were “older” neighborhoods (most buildings >15 years old), which became more mature by 2006
(¢ = 1691, df = 2, p <0.001).

With regard to travel modes to school, 74.3 percent of all children who lived within 3.2 kilometers
(2 miles) from school walked or cycled to school in 1986 (Table 1). The rate of using these active modes
of travel declined to 57.4 percent by 2006 (x* = 6.69, df = 2, p = 0.035). By contrast, the rate of using
non-active modes (i.e., transit, school bus, private automobile, other) for traveling to school increased
from 25.8 percent in 1986 to 42.6 percent by 2006.

5.1 Variations in the built environment and AST

Table 2 summarizes the results of three binomial logit models of AST; estimated using a pooled sample
from all survey years. The difference in the odds of AST between 1986, 1996, and 2006 was examined
by first controlling for variations in the socio-demographic characteristics and then by adjusting for
variations in travel distance and the neighborhood built environment. The adjusted correlation between
survey year and the odds of AST uptake is plotted in Figure 1. Results show that regardless of the
variations in socio-demographic characteristics among the three samples, a child was less likely to walk
or cycle to school in 1996 and 2006, compared to 1986 (Model 2 in Table 2). In other words, socio-
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demographic variations did not fully explain the trend of a declining likelihood of AST among 11-year-
old children (Figure 1). However, when school-travel distance and neighborhood built-environment
variables were added to the model, the correlation between survey years and AST was not statistically
significant (model 3 in Table 2 and Figure 1), indicating the importance of distance and the neigh-
borhood built environment in understanding quasi-longitudinal variations in AST. However, when
school-travel distance and neighborhood built-environment variables were added to the model, the cor-
relation between survey years and AST was not statistically significant (model 3 in Table 2 and Figure
1), indicating the importance of distance and the neighborhood built environment in understanding
quasi-longitudinal variations in AST.
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Table 2: Binomial logit model of AST using pooled sample (1986, 1996, and 2006)

Model 2 (Adjusted for
Model 1 (Constant Model 3 (Full
socio-demographic
only) adjusted)
variaions)

Coef. (S. E.) p Coef. (S. E.) p Coef. (S. E.) p

Survey Year
1986 Ref. - Ref. - Ref. -
1996 -0.59 (0.19) 0.00 -0.71 (0.20) 0.00 -1.53 (1.80) 0.40
2006 -0.76 (0.19) 0.00 -0.91 (0.20 0.00 -1.67 (1.80) 0.35
Sex
Female Ref. - Ref. -
Male 0.01 (0.13) 0.93 -0.02 (0.15) 0.91
Number of children in household 0.03 (0.08) 0.68 -0.06 (0.09) 0.50
Household adults
Multiple adults in household Ref. - Ref. -
Single-adult household -0.12 (0.22) 0.59 -0.09 (0.26) 0.72
Work force engagement
At least one part-time worker or homemaker Ref. - Ref. -
All adults in household work full time -0.19 (0.13) 0.41 -0.26 (0.17) 0.13
Access to personal vehicles
No vehicles 0.22 (0.21) 0.30 0.17 (0.24) 0.49
One vehicle Ref. - Ref. -
Two or more vehicles -0.56 (0.15) 0.00 -0.66 (0.18) 0.00
Neighborhood income
High-income neighborhood (> Median) Ref. - Ref. -
Low-income neighborhood (< Median) 0.11 (0.13) 0.41 0.19 (0.16) 0.24
School-travel distance
<0.4 km Ref. -
0.4 km to0 1.6 km -2.36 (0.23) | 0.00
1.6 km t0 3.2 km -4.43 (0.35) 0.00
Employment/population ratio
Low (<0.5) Ref. -
Medium (0.5 to 1.5) -0.29 (0.30) 0.34
High (>1.5) -0.30 (0.90) 0.74
Neighborhood maturity
Older (most buildings >15 years old) Ref. -
New (most buildings <15 years old) 0.16 (0.39) 0.67
Density of residential blocks (sq km) 0.03 (0.02) 0.05
Density of four-way intersections (sq km) -0.02 (0.02) 0.48
Density of dead ends and cul-de-sacs (sq km) 0.02 (0.02) 0.20
(Intercept) 1.05 (0.16) 0.00 1.29 (0.27) 0.00 4.03 (2.76) 0.14
N 1035 1035 1035
Null deviance: -2L[0] 1372.3 1372.3 1372.3
Residual deviance: -2L[B] 1355.2 1329.9 1025.6
-2(L[0]-L[B]) 17.1 424 346.7
McFadden p? (adjusted) 0.02 0.05 0.28

Note: Coefficients in bold are significant at a=0.05; coefficients in bold italics are significant at a=0.10.
All neighborhood level variables were measured for the TAZs.
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5.2 Distance to school and AST

The potential effect of travel distance on AST was further explored in Figure 2, which plots the propor-
tion of active versus non-active school trips by distance. For short travel distances, more children were
walking or cycling in 1986 compared to 1996 or 2006. For example, 87 percent of all children who lived
within 800 meters (0.5 miles) of school actively traveled to school in 1986. By 2006, this proportion
had dropped to only 65 percent. In addition in 1986, the rate of walking or cycling to school was higher
than the non-active modes up to a distance of 1.2 kilometers. By 1996, more children were traveling by
non-active modes (compared to those who walking or cycled to school) at a distance of 1.2 kilometers;
the trend remained similar in 2006.

53 Correlates of AST across three survey years

To further examine the nature of the relationship between travel distance, the built environment and
AST;, and potential changes in this relationship over time, separate models of AST were estimated using
data from each of the three survey years. Results presented in Table 3 confirm the aggregated analysis
shown above by indicating that travel distance consistently correlated with school travel mode choice in
1986, 1996, and 2006. However, these results also indicate that associations between various socio-de-
mographic and built-environment characteristics and AST were different across the three survey years.
In 1986, children living in neighborhoods with smaller residential blocks were more likely to walk or
cycle to school, and children living in neighborhoods with a higher density of four-way intersections
were less likely to travel actively (p = 0.08). None of the socio-demographic characteristics were associ-
ated with school travel mode choice in 1986. By contrast, in 1996 and 2006, household automobile
ownership was negatively associated with AST (Table 3). Among the built environment characteris-
tics explored in this 2006 model, only one (population-to-employment ratio) showed a weak associa-
tion (p = 0.09) with AST; the other built-environment variables were not correlated with the odds of
walking/cycling.
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Table 3: Binomial logit model of AST, for 1986, 1996, and 2006
1986 1996 2006
Cocf. (S. E.) p Coef. (S. E.) p Coef. S.E) | p

Sex

Female Ref. - Ref. - Ref. -

Male 0.65 (0.40) | 0.11 -0.38 (0.26) 0.15 | 0.02(0.24) | 0.94
Number of children in household 0.04 (0.26) | 0.89 -0.25 (0.15) 0.09 | 0.13(0.14) | 0.35
Household adults

Multiple adults in household Ref. - Ref. - Ref. -

Single-adult household -0.12(0.98) | 0.90 -0.49 (0.42) 0.25 | -0.02(0.39) | 0.97
Work force engagement

At least on part-time worker or homemaker Ref. - Ref. - Ref. -

All adults in household work full time -0.02 (0.41) | 0.96 -0.38 (0.29) 0.20 | -0.43(0.27) | 0.16
Access to personal vehicles

No vehicles 0.13(0.82) | 0.87 0.35(0.39) 0.38 | -0.01(0.37) | 0.98

One vehicle Ref. - Ref. - Ref. -

Two or more vehicles -0.50 (0.42) | 0.24 -0.58 (0.31) 0.06 | -0.75(0.28) | 0.01
Neighborhood income

High-income neighborhood (> Median) Ref. - Ref. - Ref. -

Low-income neighborhood (< Median) -0.00 (0.00) | 0.96 -0.00 (0.00) 0.30 | 0.41(0.25) | 0.10
School-travel distance

<0.4 km Ref. - Ref. - Ref. -

0.4 km to 1.6 km -2.56 (0.77) | 0.00 -2.49 (0.37) 0.00 | -2.22(0.28) | 0.00

1.6 km 0 3.2 km 4.43(0.92) | 0.00 | -5.02(0.61) | 0.00 | -3.92(0.51) | 0.00
Employment/population ratio

Low (<0.5) Ref. - Ref. - Ref. -

Medium (0.5 to 1.5) -0.48 (0.65) | 0.46 0.07 (0.66) 0.28 | -0.93(0.49) | 0.09

High (>1.5) na na 0.72 (1.27) 0.57 | -0.84(1.40) | 0.55
Neighborhood maturity

Older (most buildings >15 years old) Ref. - Ref. - Ref. -

New (most buildings <15 years old) 0.18 (0.57) | 0.75 | -15.20(590.10) | 0.98 1.15(0.92) | 0.21
Density of residential blocks (sq km) 0.07 (0.03) | 0.04 0.01 (0.02) 0.81 | 0.03(0.02) | 0.23
Density of four-way intersections (sq km) -0.10 (0.05) | 0.08 0.04 (0.04) 0.27 | -0.02(0.04) | 0.54
Density of dead ends and cul-de-sacs (sq km) | 0.00 (0.04) | 0.94 0.01 (0.03) 0.65 | 0.04(0.03) | 0.17
(Intercept) 2.70(1.44) | 0.06 3.46 (0.83) 0.00 | 1.19(0.58) | 0.04
N 198 410 427
Null deviance: -2L[0] 225.92 546.64 582.62
Residual deviance: -2L[B] 172.86 376.19 430.82
-2(L[0]-L[B]) 39.86 170.45 151.80
McFadden p? (adjusted) 0.30 0.34 0.28

Note: Coefficients in bold are significant at #=0.05; coeflicients in bold italics are significant at «=0.10.
All neighborhood level variables were measured for the TAZs.
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6 Discussion

In the context of a limited understanding of how school-travel behavior might have changed over the past
decades (Grize et al. 2010; McDonald 2007), this paper examined walking/cycling for trips to school in
Toronto using data from three large cross-sectional surveys conducted in 1986, 1996, and 2006. This
paper makes an important contribution by exploring the potential effects of the neighborhood built
environment over this 20-year period, a topic that remains understudied in the current literature.

A comparison between the three samples suggests that AST has declined by 22.7 percent between
1986 and 2006 (Table 1). During the same period, the use of other non-active modes of travel, includ-
ing transit, school bus, and private automobiles, has increased by 65.8 percent. This observation is not
unexpected, because a similar trend was reported in previous research conducted in Toronto and in oth-
er parts of the Western World (Buliung, Mitra, and Faulkner 2009; Grize et al. 2010; McDonald 2007).

Our paper examined two research questions related to this declining trend in AST. With regard to
the first research question, the model results suggest that variations in travel distance and the neighbor-
hood built environment may partially explain declining AST rates. Our second question was informed
by current conceptual frameworks of children’s school-travel behavior (McMillan 2005; Mitra 2013);
we expected to find a difference in the association between the built environment and AST particularly
between 1986 and 2006, which might relate to a change in the perception of the built environment as
an enabler or barrier to walking or cycling. The model results suggest that the correlates of AST may
have changed over the past 20 years. In other words, the association between various socio-demographic
and built-environment characteristics and AST was different between the time periods studied (1986,
1996, and 20006).

To elaborate, results from this study suggest that distance to school (or the perception of it) was an
important barrier to AST in Toronto for all survey years (Table 3) and had the largest contribution to
model fit across all survey years. This observation is similar to what has been reported for school trips
in the United States (McDonald 2007). McDonald concluded that half of the decline in the walking
rate between 1977 and 2001 in the United States can be explained by increased travel distance to school
during this period. The Toronto context is different from that in the United States; most children attend
public elementary schools that are located within their neighborhoods of residence and a short distance
from their homes (Mitra and Buliung (2014). Not surprisingly, then, the mean school travel distance
for 11-year-old children in Toronto did not change during the 1986-2006 period (Table 1). However,
unlike Grize et al.’s (2010) work that explored school-travel behavior of Swiss children ages 6 to14 and
reported that school travel distance did not change over time and did not explain a declining trend in
AST rates, our findings indicate an important relationship between travel distance and walking/cycling
to school (Table 3 and Figure 2). Particularly important is the finding that more children in Toronto
were using non-active modes for short trips to school (i.e. <0.8 kilometers or 0.5 miles) in 2006 com-
pared to 1986 (Figure 2). Speculatively, a child’s capability (or rather, the perception of it) of undertak-
ing AST may diminish with increased travel distance. Findings from this study may suggest that child or
caregiver perceptions regarding a “walkable” travel distance to school have changed, producing a much
shorter acceptable distance threshold today than two decades ago.

The neighborhood built environment had an important association with AST uptake in 1986.
Smaller residential blocks, the neighborhood design feature that is typical of an inner-city “walkable”
neighborhood in Toronto, was correlated with higher odds of walking or cycling to school (odds ratio,
OR = 1.07; p = 0.04) (Table 3). With regard to children’s mobility, a neighborhood with smaller blocks
may enable walking and cycling by bringing more “eyes on street” and thus producing a sense of pedes-
trian safety (McMillan 2007; Mitra 2013). Similarly, a high density of four-way intersections in the TAZ
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of residence, which is typically representative of a higher concentration of busy roads with faster traffic,
reduced the odds of AST in 1986 (OR = 0.90; p = 0.08) (Giles Corti et al. 2011; Mitra and Buliung
2012; Schlossberg et al. 20006). In contrast, the correlation between neighborhood built environment
and AST was rather weak in 2006. Our data does not allow us to make conclusive comments about the
behavioral difference between 1986 and 2006. However, drawing on the conceptual models of school-
travel behavior (McMillan 2005; Mitra 2013), our speculation is that perceived role of the neighbor-
hood in enhancing or reducing travel safety of a child, may have weakened over time.

An interesting finding also emerged in terms of the socio-demographic correlates of AST. Previ-
ous research that has explored the historical trends in travel behavior in the GTHA reported a modest
increase in automobile dependence for non-work and school travel in this region over the past decades
(Miller and Shalaby 2003; Miller and Soberman 2003). Evidence from our study suggests the same.
While in 1986, automobile ownership was uncorrelated with the odds of walking and cycling to school
among 11-year-old children, by 2006, access to private automobiles likely played an important role in
school travel mode choice. Children living in households with two or more cars were significantly less
likely to undertake AST (OR = 0.47; p = 0.01) (Table 3). Unlike in 1986, children were more likely to
be captive users of active modes of travel (i.e., would walk/cycle only when access to private automobiles
was limited) in 2006. No other socio-demographic variable, including a child’s sex and median house-
hold income of a neighborhood, was statistically associated with AST in any of the three survey years.

This study has some strengths and limitations. First, we did not explore longitudinal data of school-
travel behavior, and the results do not directly explain any “change” in mode-choice behavior. Instead,
multiple large cross-sections of data, obtained from comparable population-based surveys undertaken
between 1986 and 2006, were examined. The geographic extent of analysis was kept consistent across
time (i.e., the sample came from the same TAZs). However, there were some differences in socio-de-
mographic characteristics across the three samples, which might affect comparability. That said, large
historical datasets of travel behavior, similar to the ones used in this study, are not available for most
urban regions. The results from this study then provide valuable and much-needed insight into the dif-
ference in the correlates of AST in Toronto across the three survey years and over a period of 20 years.
Our findings may help explain a declining trend in AST during this time.

Second, the scope of analysis was limited to several socio-demographic and neighborhood environ-
mental characteristics. However, a modest model fit (Table 3) indicates the presence of other important
influences on travel-mode-choice behavior that remain unobserved in this study. One particularly im-
portant unobservable effect is the caregiver/student’s attitude toward parental escorting and school travel
modes. This potential effect is difficult to explore empirically because of the absence of historical data on
travel attitudes and was not addressed in this study.

Lastly, existing research on school transportation has measured built-environment variables at dif-
ferent geographical scales and using different zoning schemes. Studies using census boundaries typically
report a weaker association between the built environment and school-travel outcomes (e.g., Ewing,
Schroeer, and Greene 2004; Mitra and Buliung 2012; Yarlagadda and Srinivasan 2008). It is possible
that the modifiable areal unit problem (Fotheringham and Wond 1991; Mitra and Buliung 2012)
could partly explain the weaker built-environmental associations observed in this study. As a result,
some caution should be exercised when comparing our results (particularly, those related to the built
environment) to findings from other recent studies. However, for each of the three datasets examined in
this study, the built-environment characteristics were measured at the TAZ level. In addition, the TAZ
boundaries remained consistent during the 1986-2006 period, and we only analyzed data from a TAZ
when there was at least one trip record available from that TAZ for each of the three survey years. The
results across the three periods, then, are comparable within the context of our study area.
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7 Implications and conclusions

Findings from this research have important policy implications. Between 1999 and the first decade of
the 2000s, more than 200 schools were closed in the province of Ontario, Canada, as part of a province-
wide education restructuring policy (Basu 2007). More recently in 2015, the Toronto District School
Board (TDSB, the largest public school board in Canada, and fourth largest in North America) an-
nounced a list of 48 neighbourhood elementary schools with lower enrollment rates for potential closure
within the next 10 years (Toronto District School Board, 2015). A similar trend in the US has been
observed in the past several decades, where smaller neighbourhood schools are being closed in favor of
large “magnet schools” (Schlossberg et al. 2006; Yang, Abbott and Schlossberg 2012). The school trans-
portation literature has consistently pointed out that such a policy may discourage walking and cycling,
because larger schools will draw students from larger areas, increasing the average school travel distance
(McDonald 2007; Yang, Abbott and Schlossberg 2012). Our findings are similar to what has been re-
ported previously, and implies that this type of economic rationalization of school locations (leading to
closing the doors of neighborhood schools) may have negative implications on the health and well being
of the elementary schoolchildren.

Recent years have seen a significant increase in public funding being committed to programs and
initiatives focused on both structural (e.g., street design, sidewalks) and non-structural (e.g., walk to
school day, walking school bus) interventions that might enable AST. For example, in the United States,
$862 million in federal government funding has been allocated since 2005 for the implementation of
SRTS programs (National Center for Safe Routes to School 2007; Stewart 2011). In Canada, the Public
Health Agency of Canada and Transport Canada have supported the implementation of STP initiatives
since 2007 (Buliung et al. 2011; Green Communities Canada 2013; Metrolinx 2011). While no lon-
ger-term revenue stream has been identified, Metrolinx, the provincial transportation authority for the
GTHA, continues to support community mobilization as a way to enable walking, cycling, and transit
use for school transportation. However, when designing interventions, urban planners, public health
professionals, and community-based organizations need to recognize the potentially changing role of the
neighborhood environment in encouraging or restricting walking and cycling among children. Educa-
tional interventions, on the contrary, appear to offer some promise in the current context. For example,
caregivers and children could be made more aware of the benefits of walking. Parents should be encour-
aged to allow children to walk or cycle to school particularly when the distance between home and
school is reasonably short. Our data suggests that 70 percent of 11-year-old children in Toronto lived
within 1.6 kilometers (1 mile; straight-line distance) of their schools. When distance is short, travel time
for a walking/cycling trip to school may not be considerably different compared to a car trip (Black,
Collins, and Snell 2001), and AST can be a healthy and environmentally sustainable choice for such
trips. Programs and interventions should particularly focus on parents and children who live in neigh-
borhoods with high levels of automobile ownership. Such interventions warrant greater policy attention
in addressing and perhaps reversing the current trend of decline in AST, and more broadly, in building
more sustainable and healthy communities for children and youth.
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