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Abstract

Few studies have evaluated multiple levels of influence simultaneously on whether children walk
to school. A large cohort of 4,338 subjects from ten communities was used to identify the
determinants of walking through (1) a one-level logistic regression model for individual-level
variables and (2) a two-level mixed regression model for individual and school-level variables.
Walking rates were positively associated with home-to-school proximity, greater age, and living in
neighborhoods characterized by lower traffic density. Greater land use mix around the home was,
however, associated with lower rates of walking. Rates of walking to school were also higher
amongst recipients of the Free and Reduced Price Meals Program and attendees of schools with
higher percentage of English language learners. Designing schools in the same neighborhood as
residential districts should be an essential urban planning strategy to reduce walking distance to
school. Policy interventions are needed to encourage children from higher socioeconomic status
families to participate in active travel to school and to develop walking infrastructures and other
measures that protect disadvantaged children.
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Introduction

Overweight and obesity during childhood increase the risk for a number of adverse health
conditions including type 2 diabetes (Al Mamun et al., 2009), high cholesterol levels,
cardiovascular complications (Thompson et al., 2007, Siervo et al., 2012), cancer (Bracci,
2012) and unfavorable musculoskeletal conditions (Haukka et al., 2012). In 2009-2010, 17%
(or 12.5 million) of U.S. children and adolescents aged 2-19 years were obese (CDC, 2010,
Ogden, 2012). Childhood obesity is largely thought to result from an imbalance between
energy intake (i.e., dietary patterns) and expenditure (i.e., physical activity) (Goran et al.,
1998). Energy expenditure has received much attention in recent years, as evidence is
accumulating for the role of physical inactivity and sedentary behavior in the onset and
progression of overweight and obesity among children and adolescents (Ogden, 2012,
Sothern, 2004). Physical inactivity is itself a leading cause of disease and disability (WHO,
2004, Jarrett et al., 2012, Lee et al., 2012).

Active transportation to school, including walking, incorporates physical activity into daily
routines, reduces risk of childhood obesity (Giles-Corti et al., 2003), and alleviates
automobile congestion and traffic-related air and noise pollution (Cavill and Davis, 2007).
Walking and biking provide a reliable and affordable form of transport for most segments of
the population (Lumsdon and Tolley, 2001). Kjartan (2004) estimated that the benefits (e.g.,
improved health, reduced noise and air pollution) of investments in infrastructure for
walking and biking are 4-5 times larger than the associated costs and concluded that such
investments are more beneficial to society than automobile-related transport investments.

Panter et al. (2008) provided a framework on the decision making process around travel
choices for school for children and adolescents. The framework contains four main domains
of influence on active travel behavior: individual factors, those associated with the physical
environment, external factors such as planning and government policies, and main
moderators including age, gender and distance.

Whether children engage in active transportation to school is consistently associated with
child and parent perceptions of the neighborhoods through which children walk to school or
other destinations (Carver et al., 2005). Concerns about traffic volume and risks (Carlin et
al., 1997), air pollution (Binns et al., 2009), harassment (Larkin, 1994), street crossings and
lack of traffic lights (Timperio et al., 2004) are frequently identified as factors that
negatively affect perceptions about walking to school.

Walking to school and other forms of active transportation are also associated with urban
form and land-use planning (Pucher et al., 2010, Frank et al., 2007, VVoorhees et al., 2010).
Because of the prevalence of low density suburban development (Schlossberg et al., 2005)
and associated auto-dependency, the percent of children using active transportation to school
(including walking and bicycling) dropped from 42% in 1969 to about 16% in 2001 (US
CDC, 2008). Policy makers and scientists suggest a variety of land use planning strategies to
encourage walking, including building new sidewalks; adding more road intersections (a
measure of street network connectivity) and increasing traffic signals (Boarnet et al., 2005a,
Boarnet et al., 2005b); promoting more land use mix; and placing schools in areas of high
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population density. Braza et al. (2004), for example, found positive correlations between
higher population density, greater school size, higher number of intersections, and increased
rates of walking or biking to school. Additionally, demographic factors have been identified
as having an influence on walking. Cooper et al. (2003) suggested that gender played an
important role in the likelihood that youth would walk to school, with boys being more
likely to walk to school and also engage in physical activity after school. Evenson et al.
(2003) also explored the prevalence and correlates of walking to school and found rates of
walking were generally higher for older bays (in high school) who were non-white, had a
lower body mass index, and had parents that were infrequently home after school. Previous
studies also found that parents having inadequate income or who were in lower paid
occupational categories were more likely to walk to school (Pabayo et al., 2011).

Neighborhood landscape measures used in past studies manifest basic land use mix (such as
percentage residential or commercial land use) (Frank et al., 2005) but they do not employ
detailed metrics that characterize various dimensions of land use configuration such as shape
and diversity. We conjecture these land use configurations such as convoluted roadways
might indicate disorganized built environment and could thus impact whether a child walks
to school.

While these and other studies have identified several factors impacting rates at which
children walk to school, little analysis has integrated the analysis of such individual-level
factors, land use metrics, school-level variables, and other neighborhood characteristics
simultaneously. The advantage of integrating all these factors into a single study is that
when investigating the effect of one factor, other variables can control for confounding.

Our study incorporated an extensive list of factors, including novel land use configuration
metrics, to develop multi-level models to identify factors that promote or inhibit walking to
school in a large cohort of children.

Materials and methods

Study population

Study participants were children recruited from 13 southern California Children's Health
Study (CHS) communities during the 2002-03 school year. The present study is limited to
10 of these communities that had standardized land use data available in the Los Angeles
Metropolitan area. Students in participating schools were enrolled in kindergarten or first
grade (5-7 years of age). Informed consent was obtained from a parent or guardian who
completed a questionnaire. The study was approved by the University of Southern California
Institutional Review Board. Questionnaires were completed and returned from 65% eligible
children, leaving 4,338 participants in the 10 communities for analysis. More information on
the study design and the spatial distribution of the communities are available from
McConnell et al. (2006). The questionnaires and derived variables used for this analysis
included individual, school and town-level data. Measures included baseline CHS
respondent data, child physical activity, socioeconomic status, land use and built
environment characteristics.
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Food access around schools

We assumed access to food around the school environments might change children's or
accompanying parents' behavior for walking to school (e.g., encouraging walking for buying
groceries after school). We included the number of grocery stores, fast food stores and no
food stores within a 500 m network buffer around schools in the analysis. The food data
were acquired from the InfoUSA (Omaha, NE) dataset and the detailed description of these
variables can be obtained from Jerrett et al. (2010).

Traffic density and air pollution exposure estimates

Traffic density variables were based on the California Department of Transportation
Functional Class (FC) data for year 2000. Because the FC data are linked to a road network
with lower positional accuracy, the annual average daily traffic (AADT) volumes were
conflated to the Teleatlas road network. The link-based traffic volume data are available for
freeways, highways, arterials, and some major collectors. We explored point estimates of
traffic density (i,e., AADT) around each child's home using the 150 and 300 m distance
buffers details of which can be found from McConnell et al. (2006) and Jerrett et al. (2010).

Exposure to air pollution was assigned using the CAlifornia LINE source dispersion model
(CALINE4). This model used Gaussian plume dispersion parameters with traffic data,
emissions factors, and local meteorology to estimate exposure to the mixture of near-
roadway pollutants at the homes of the children. It is based on a model for the incremental
increase in nitrogen oxides (NOy) above regional background levels, as previously described
(Shankardass et al., 2011). We assigned exposures for freeway and non-freeway sources to
the baseline address of the children.

Urban form of land use represented by landscape metrics

We adapted ecological analysis tools, used to characterize natural landscapes, for use in
characterizing land use patterns. Specifically, we utilized Fragstats (McGarigal et al., 2002),
a widely-used set of habitat fragmentation metrics, to characterize buffer areas surrounding
children's homes and schools. In landscape ecology, these metrics delineate the spatial
organization of habitat (or vegetation) patches of various types, revealing the complexities
of the landscape. Individual Fragstats metrics can be calculated at different spatial scales and
provide many ways for describing both land use composition and configuration. For our
purposes, we looked at “habitat patches,” which are areas of uniform urban land use of a
particular type (e.g., residential, commercial, institutional, industrial, etc).

The Fragstats program computes a large number of metrics. We considered the following
Fragstats landscape metrics in our characterization of land use configurations around
children's homes and schools: land shape index (LSI); percentage of landscape in a
particular use (PLAND); fractal dimension (FRAC); contiguity (CONTIG); Simpson's
diversity index (SIDI), and contagion and interspersion (CONTAG).

A brief explanation of each metric is described as follows: LSI (>= 1) measures perimeter to
area ratio, or “clumpiness,” of a land use. As values approach 1, the shape of land use
becomes more compact (like a square). Thus, higher values indicate more convoluted
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boundaries and appear less as a symmetric shape, and imply potentially less opportunity for
physical activity. PLAND (>= 0 and <= 100) measures landscape composition by computing
the percentage of each land use “patch” in a specified buffer including percent residential,
agricultural/open, governmental and institutional land uses. Values closer to 100 indicate
more homogeneous land use, i.e., land use is dominated by one particular type, thus less
land use diversity and mix. FRAC (>= 1 and <= 2) estimates shape complexity
(fragmentation) and landscape configuration. FRAC approaches 1 for shapes with very
simple perimeters such as squares, and approaches 2 for shapes with highly convoluted,
plane-filling perimeters. Similar to LSI, a higher value may indicate lower walkability.
CONTIG (>=0 and <= 1) measures land use patch configuration in relation to the city
landscape. Rather than calculating a basic least-cost distance across a landscape (which fails
to account for on-the-ground barriers), contiguity describes the connectedness of individual
land use patches of particular types. SIDI (>= 0 and <= 1) represents the probability that any
2 pixels selected at random would be different patch types. Higher value indicates greater
land use diversity and mix and, in urban design, this typically leads to better walkability.
Lastly, CONTAG (>= 0 and <= 100) indicates measures of contagion and interspersion.
CONTAG approaches 0 when land use patches of different types are maximally
disaggregated and interspersed (equal proportions of all pairwise adjacencies or the greatest
land use mix). CONTAG = 100 when all land use patch types are maximally aggregated;
i.e., when the landscape consists of single land use patch of one type. Lower values would
be expected to predict greater walkability.

Data on land use for the 10 CHS communities were derived from land use data from the
Southern California Association of Governments for 2005, including residential, agricultural
and open, commercial and industrial, governmental and institutional, and transportation and
communication (freeways, major roadways and railways).

Greater land use mix enables a range of land uses to be co-located in an integrated way that
supports sustainable forms of transport such as public transport, walking and biking, and
increases neighborhood amenity. However, for children's walking to school, we presume
that the main goal is to get to school quickly and safely. We hypothesized greater land use
mix represented by higher SIDI and lower CONTAG would discourage children's walking
to school because those two measures indicate children have to traverse commercial,
industrial and other land uses to get to school. Local streets, walking and biking routes, and
services that are linked or connected enhance access within a neighborhood. By contrast,
freeways, major roadways and railroads will impede walking within a neighborhood. Thus
we hypothesize higher contiguity between students' home and school from the second set of
roadways, which were the land use types defined in the transportation and communication
category, would make active travel to school more difficult for children (i.e., less walkable).

Statistical analysis

Our research used individual-level data as the outcome measure, i.e., a binary indicator of
whether a child walked to and from school. Other individual-level variables included age,
sex, race-ethnicity, distance from home to school, asthma status, and parent education.
These individual measures also included Fragstats landscape metrics characterizing a 500 m
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buffer and traffic density in a 300 m buffer around each child's home. We used a buffer
distance of 500 m because typical kindergarten and first grade children will travel up to
10-15 minutes walking distance from home (Dill, 2004, Wolch et al., 2005, Sister et al.,
2009). Traffic density buffers of 300 m were based on findings from previous research that
suggested that this buffer had the largest impact on obesity formation (Jerrett et al., 2010).

We also compiled school-level variables for the Fragstats landscape metrics (500 m buffer).
We deviated the individual-level landscape metrics (i.e,, subtracted) from corresponding
school-level statistics to isolate the impact of school-proximate land use configuration, as
primary schools are typically close to where students live. This was required to assess the
separate effects of the environment around the school versus that of the individual.

Other school variables tested included Title I school status and the percent of children who
were English learners or on the Free and Reduced Price Meals Program (referred as free
lunch program hereafter) (http://www.cde.ca.gov/ds/sh/cw/filesafdc.asp). Title I schools
were identified by the federal government under the No Child Left Behind Act of 2001 to
improve the academic achievement of disadvantaged populations (Shankardass et al., 2011).
The purpose of this title is to ensure that all children have a fair, equal, and significant
opportunity to obtain a high-quality education and reach, at a minimum, proficiency on
challenging state academic achievement standards and state academic assessments. Two
types of funding are available to support academic improvement: schools with >40% of
students living in poverty are eligible to combine funding from Title | with other federal,
state and local funds to implement school-wide programs aiming to improve conditions for
all students, while schools with lower levels of poverty can apply for funding to support
specific students of concern. Therefore, this measure may represent both low academic
performance and deprivation at schools.

Before modeling children's walking to school, we normalized all the ranking and continuous
variables using interquartile range increments for each variable. The variables normalized
included age, parental education, distance to school, traffic density, landscape metrics and
school-level socioeconomic position (SEP). Interquartile range normalization makes
prediction coefficients in a model comparable. We then investigated Pearson partial
correlations of various groups of continuous measures and conducted chi-square tests on
categorical variables to identify directions of association and collinearity, including
individual-level Fragstats measures and school-level variables such as percent enrolled in
the free lunch program.

Since the outcome of interest is binary, a multi-level logistic regression approach was used
to model this hierarchical structure. First, we modeled whether a child walked to school,
using individual-level variables of interest (one-level model). In this one-level model, we
used town identifier (c) as a fixed effect and the model structure is shown in eq. (1).

1Oglt( Y(:'/,'ZI):A(:‘FBI Wi 1)
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A is the intercept of town ¢ and Wj; are the individual-level predictors in town c, such as
age, sex, race-ethnicity, distance from home to school, asthma, family SEP, landscape
metrics and traffic density. W makes all the W variables have a within-town c effect.

Then we extended the one-level model to include school-level predictors as a two-level
mixed model. To account for possible non-independence in risk factors for children
attending the same school, we included school identifiers (s) as a random effect. Again, we
used town identifier (c) as a fixed effect. The model is shown in eq. (2).

1Og2t( Y(zsizl):Ac"_/Bl Wrsz+62 Wcs+ €s (2)

W are the school-level predictors, and like individual-level predictors Wegj, both of them
have a within-town c effect. W includes Fragstats land use metrics, distance to grocery and
fast food stores, and percent children enrolled in the free lunch program. e is the school-
level error term. Other variables have the same definition as in eq. (1).

To identify significant predictors of whether children walked to school, we first used
bivariate analysis to identify factors with a significance level of 0.15 (Hosmer et al., 2008).
We then proceeded with an individual-level automatic logistic regression model to identify
the individual factors associated with walking to school. Only individual-level factors
significant at the 0.15 level from bivariate analysis were selected for inclusion in the
automatic stepwise logistic regression model. Variables significant at the 0.05 level in the
multiple regression were included in the final model. Race-ethnicity, age, gender and town
fixed effect were included in every model. Similar to the individual-level model, the two-
level model used only variables significant at the 0.15 level and the variables maintained in
the model were required to be significant at the 0.05 level in the final models. However, the
variables in the two-level model were manually selected by adding one at a time in a manual
forward selection that began with the most significant variable. Research also suggests
potential modifiers of relationship with school transport (Wong et al., 2011). To understand
how individual and environmental correlates interact with each other, we investigated
interactions between race-ethnicity and other individual and school level variables and,
between education and the same variables used for interaction with race-ethnicity. We also
conducted a sensitivity analysis, treating town identifiers as a random effect and compared
coefficients with models using town identifiers as a fixed effect. The models were developed
using SAS 9.2 TS Level 2MO (SAS Institute Inc., Cary, NC) on a Windows XP Professional
platform (Microsoft, Redmond, WA).

Descriptive statistics

Descriptive statistics for individual and school-level variables are listed in Table 1. For the
children surveyed in the 10 communities, 20.2% walked to school. Participants were on
average 6.6 years of age, with more than 90% of the students between 6 and 7. Over half
(52.2%) of the participants were Hispanic, 30.3% were non-Hispanic white, and Asian and
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African-American constituted 3.5% and 4.5% of the study sample, respectively. Mean
home-to-school distance was 1.7 miles and the median distance was 0.9 miles.

At the school level, there were 0.5 grocery stores and 1.5 fast food stores within 500 m of a
school on average, but about half (50.8 %) of all the schools did not have food stores within
the 500 m buffer. Schools tended to be located in residential areas with 73.2% land in school
buffers classified to residential uses. About 41.5 % of schools were Title | schools and 48.6
% of students in the study were enrolled in the free lunch program.

Partial correlations controlling for town of residence between individual-level Fragstats
metrics showed moderate associations, with Pearson's correlation coefficients typically less
than 0.40. There were, however, two exceptions: percent agricultural/open land use
(R=-0.51, p <0.01) and Simpson's diversity index (R=-0.77, p<0.01) had higher correlations
with percent residential land use. Partial correlations between school-level factors revealed
that the share of children eligible for the free lunch program was highly correlated with
percent English learners (R=0.65, p<0.01) and whether a school was a Title I school
(R=0.72, p<0.01). Chi-square tests identifying a relationship between race-ethnicity and
walking to school indicated that both Hispanic and Other race category children (race-
ethnicity other than White, Asian, African American and Hispanic) were significantly
associated with walking to school; while African American and Asian children were not
significantly related to walking to school.

Individual-level logistic regression modeling

In the individual level model, we included all the race-ethnic variables other than non-
Hispanic Whites in a single model. Table 2 lists those individual-level variables significant
(except for race-ethnicity category) in predicting whether a child walked to school. Results
indicated that gender was not a significant factor but age was important: with one
interquartile range increase, the odds of walking increase of by 1.3 times. Children with
more educated parents were, in contrast, less likely to walk (OR = 0.68; 95% CI =
0.56-0.82), as were children with asthma (OR = 0.72; 95% CI = 0.55-0.94). Children living
further away from their school were less likely to walk: with one interquartile range increase
of a distance category, there was a large decrease in walking (OR = 0.17; 95% CI =
0.15-0.20). Greater traffic density was negatively associated with walking to school (for
buffer distance 300m IQR exposure increment; OR = 0.94; 95% CI = 0.89-0.99). Based on
Fragstats landscape metrics, higher contiguity (i.e., connectivity) scores were also associated
with lower odds of walking to school (OR =0.81; 95% CI = 0.71-0.92). Children living in
areas characterized by residential land use (OR = 1.24; 95% CI = 1.09-1.40), and
government or institutional land use (OR = 1.38, 95% CI = 1.27-1.49), were more likely to
walk to school. Decreased land use mix, represented by greater contagion index, was
positively associated with walking to school (OR = 1.31; 95% CI = 1.17-1.46).

The model parameters and statistics are displayed in Table 3 for the individual-level model
selected from the variables identified in Table 2 as likely predictors. Based on the prediction
model, the age, gender and race-ethnicity variables had similar relationships as shown in
bivariate analysis (Table 2). Children whose parents had more education were less likely to
walk to school (OR =0.88; 95% CI = 0.79-0.99). In terms of environmental variables,
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children who lived closer to school (OR = 0.11; 95% CI = 0.09-0.14), in areas of lower
traffic density (OR =0.93; 95% CI = 0.87-0.99), and in neighborhoods with lower land use
contagion (i.e., with less mixed land use) (OR = 1.33; 95% CI = 1.14-1.55), lower contiguity
(i.e., less influence from highways, major roadways or railroads) (OR = 0.82; 95% CI =
0.68-0.98), and more government/institutional land uses (OR = 1.16; 95% CI = 1.03-1.29),
were more likely to walk.

We tested whether the age effect was different across genders by including age, gender and
their interaction in the individual-level model. The p-value for the age by gender interaction
was 0.77, demonstrating that the age effect was not modified by gender. We also tested the
individual-level model by removing socioeconomic variables (e.g., parental education) and
found that all the variables remained significant and signs of association were not changed.
This demonstrates that socioeconomic positions did not confound other individual-level
variables, such as race, that were maintained in the model.

Two-level mixed regression model

Similar to the bivariate analysis described at the individual level, the bivariate analysis was
also conducted for the school-level variables before the two-level mixed model was tested
(Table 2). We found that greater ethnic diversity (OR = 0.50; 95% CI = 0.32-0.78) was
negatively associated with the likelihood that children would walk to school. In contrast,
higher percentages of English learners (OR = 2.18; 95% CI = 1.23-3.87) and students
enrolled in free lunch program (OR = 3.66; 95% CI = 1.64-8.21) were positively associated
with walking to school. By contrast, the presence or absence of food stores around the
schools and school level landscape metrics did not have significant impacts on children's
walking to school.

Similar to the individual-level logistic model, in the two-level model individual-level race-
ethnicity, age and gender variables were forced into the model but other variables were
required to have a significance level of 0.05. The final parameters and statistics of the two-
level mixed model are displayed in Table 4.

Like the one-level logistic model, children who were older (OR = 1.38; 95% CI = 1.17-1.64)
or lived a shorter distance (OR = 0.17; 95% CI = 0.09-0.15) from school were more apt to
walk, as were children living in neighborhoods with lower traffic density (OR = 0.91; 95%
Cl =0.85-0.97) and greater proportions of government and institutional land uses (OR =
1.24; 95% CI = 1.09-1.40). Asian children were still less likely to walk to school and rates
for non-Hispanic African American and Hispanic children were statistically
indistinguishable from non-Hispanic Whites (p>0.2); additionally, the Other race-ethnicity
was also not significant (p>0.1). Lower land use mix (represented by greater contagion
index) was positively associated with walking to school (OR = 1.20; 95% CI = 1.04-1.39).
In addition, we found that children in schools with higher shares of students enrolled in the
free lunch program were significantly more likely to walk to school: with one interquartile
range increase of percent students in free lunch programs, there was more than a two-fold
increase in propensity of walking. For all the significant predictors other than race-ethnicity,
distance had the greatest impact on walkability, followed by schools with higher free lunch
ratios and age of students.
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The p-values for race-ethnicity in interaction with education, traffic density, urban land use
metrics, and % English language learners in a school were not significant for all (p>0.05),
demonstrating that the race-ethnicity effect was not modified by other individual and school
level factors. By contrast, the p-values for interaction between parental education and %
English language learners in a school, land use contagion index and % government and
institutional land use were significant (p<0.05). In the models without interaction terms,
children of higher parental education were associated with being less likely to walk to
school. Schools with greater percentages of English language learners were associated with
greater likelihood of children walking to school. The interaction of parental education with
% English language learners had a significant but negative impact on walking to school,
demonstrating parental education had relatively larger impact on walking to school. Parental
education also showed a greater effect compared to % government and institutional land use
in their interaction model. In the main effects model alone, lower land use mix (represented
by high contagion index) was associated with greater potential for walking to school. The
interaction of parental education with the contagion index had a significant positive impact
on walking to school, demonstrating urban forms with lower land use mix had a relatively
larger impact compared to parental education on walking to school.

Discussion

In this study, we modeled the factors that influence whether children walk to school for a
cohort of 4338 children aged 5-7 years from the southern California's Children Health
Study. Urban landscape metrics derived from Fragstats, such as contiguity, contagion and
diversity indices, were used to reflect the influence of the neighborhood land use
configuration on children's propensity to walk to school. By adding levels of analysis and
including additional variables of interest, this study provides the first analysis of children's
active transportation — in this case, walking to school — with multilevel control for
confounding.

Not surprisingly, and consistent with other research, we found that as distance from home to
school increased, the likelihood of walking to school decreased (Wen et al., 2008). Martin
and Carlson (2005) also demonstrated that distance to school was the most important barrier
for walking to school: the same research conclusion was supported in our one and two level
models. Our research, which included an objective measure of traffic density, confirmed that
students in neighborhoods of greater traffic density were associated with lower probability
of walking to school (Cole et al., 2007, Giles-Corti et al., 2011). For example Giles-Corti et
al. (2011), who used road category as proxy for traffic volume, found walking to school was
more frequent among children attending schools in neighborhoods of low traffic volume.

Previous studies found boys were more active and more likely to walk to school than girls
(Marten and Olds, 2004, Johnson et al., 2010). In our study, though the association was
positive for bays, it was not significant (p>0.2). We also found there was no gender specific
age effect, and the age effect was not modified by gender. This may be because the majority
of the children in our study were quite young (>90% were between 6-7 years old). Gender
differences at this age may not yet be large enough to be significant in influencing children's
walking to school rates. Carlin et al. (1997) also found little evidence in overall walking
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levels between boys and girls in their study of 6 and 9 year old children. Our research did,
however, demonstrate that older children had a greater propensity to walk to school,
consistent with other research findings that as children get older, the likelihood of using
active transportation to school increases (Pabayo et al., 2011).

Some research indicated higher street connectivity (measured in our study by the landscape
contiguity index) was associated with greater rates of children walking to school (Giles-
Corti et al., 2011). Though it is true that connected street networks provide more direct
routes to school, these direct routes are only effective for promoting walking if they are local
streets, walking or biking routes. If the connectivity was mainly based on highways, major
roadways or railroads, which is the case in our study, higher connectivity would impede
walking to school. Timperio et al. (2006) also found that street connectivity was negatively
associated with active commuting to school, and this may be because connected street
networks had the potential for more traffic, higher speeds, and more street crossings (Sirard
and Slater, 2008). Each of these factors increases the risk of pedestrian injury. This is
consistent with findings from Martin and Carlson (2005), who found perceived traffic-
related danger was the second greatest barrier for walking to school.

Our one-level logistic regression model also found that greater residential land uses and
higher governmental and institutional compositions were associated with a greater
probability of walking. Residential areas with some government and/or institutional land
uses (for example, police and fire stations, other schools, recreation centers, etc.) might be
associated with greater perceived safety and more developed pedestrian infrastructure, such
as sidewalks and street crossings, which promote walking to school.

Urban form relates to travel patterns primarily by impacting proximity between origins and
destinations and among destinations, and directness of travel (i.e., connectivity). Smart
growth planning approaches emphasize higher density urban development with a high level
of land use mix (Sallis et al., 2004, Frank and Engelke, 2001). High density urban design
reduces travel distances, making active transport more convenient. Although our analysis
linked shorter distance to school and higher population density with higher propensity to
walk to school, we also found that greater land use mix, represented by greater landscape
diversity and lower contagion/interspersion, was negatively associated with children's
walking to school. This may be because walking to school is the only goal for these young
children, and more complex landscape diversity may be a barrier for direct walking. For
example, greater landscape diversity could reflect more people on the streets or a more
disorganized built environment, leading parents to steer their children away from walking to
school. Increasing land use mix could thus form barriers that impede children's active
transport to school. The non-significant association of food stores also suggests that
accompanying parents were not impacted by the food stores on the routes. In contrast, for
adults whose destinations include work, grocery shopping, visiting friends or other
activities, greater land use mix could mean that daily activities are within convenient
distances for walking.

When the analysis was extended to two levels with school-level variables factored in, we
found schools with greater percentage of enrollees in the Free and Reduced Price Meals
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Program had greater probability of children walking to school. In California, children from a
family of four with an annual income less than 185% (i.e., $42,643) of the federal poverty
levels qualify for reduced price meals and those with an annual income less than 130%
federal poverty level (i.e., $29,965) qualify for free lunch programs (USDA, 2012). This is
consistent with our finding that lower parental socioeconomic status was linked to higher
walking rates. Pabayo et al. (2011) also found that students whose parents had inadequate
income or were in lower paid occupational categories were more likely to walk to school.

Some research found no difference from children in overall physical activity for active and
non-active commuting to school (Ford et al., 2007, Metcalf et al., 2004, Sleap and
Warburton, 1993). However, there is also new evidence of increased overall physical
activity with active travel to school (Cooper et al., 2012, Murtagh and Murphy, 2011, Roth
etal., 2012, Sahlqvist et al., 2012, van Sluijs et al., 2009). Like most walk to school studies,
we do not have the physical activity data to assess this directly; however, based on the new
evidence, increasing participation in active travel to school or improving environment for
such activity might be a useful strategy to increase overall physical activity.

Although the study area is confined to the Los Angeles Metropolitan region, as we have
documented elsewhere (Wolch et al., 2011), the study communities vary considerably in
size, social characteristics, urban form, and environmental characteristics. Substantial
variations are also evident in racial composition, household income, crime, poverty, and
unemployment rates. The communities range from low-density suburbs to high density,
older cities. In terms of climate, the inland areas tend to experience extreme heat, while
those near the coast have a more temperate Mediterranean climate. While the focus on Los
Angeles limits generalizability, the types of communities represent the broad range observed
in many places, and the racial-ethnic variation is also observed in many other American
cities, particularly in California.

Conclusion

Understanding the factors that influence active transportation may support interventions that
increase rates of walking to school, and in turn might promote children's physical activity.
Among the large cohort of students who participated in our research, 20.2% walked to
school, a number higher than reported in most studies.

Distance to school is a significant barrier to walking, as is landscape diversity. The
interaction of education with land use mix showed that land use mix had even greater effect
modification than parental education on children's walking to school. Thus the availability
of neighborhood schools located in residential districts and balanced land use mix may be an
essential urban planning strategy if the goal is to promote active travel to school and
subsequent possible increase of overall physical activity among children. More research is
needed to understand precisely what type of land use diversity is a barrier to walking to
school, as this could facilitate the development of strategies for dealing with this issue. We
also found that socioeconomic status matters: children from higher income families were
less likely to walk to school. The interaction models also showed parental education had a
larger effect modification than school student composition with respect to English language
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learners and also by presence of governmental and institutional land use. Schools and
communities may therefore choose to develop active travel strategies designed to increase
rates of walking to school among children in higher socioeconomic status families.

Although children from low-income communities faced greater environmental and safety
concerns yet were more apt to walk to school. Among the 10 communities we surveyed,
with schools having less than 20% of students enrolled in the free lunch program, the
walking rate was 13.3%; however, in schools with more than 80% of students enrolled in the
free lunch program, the walking rate was 54.9%. Since the less advantaged communities had
higher rates of children walking to school, attention to safety is particularly important so
those children are not injured on their way to school. These safety measures include
arranging for road crossing guards, designing under- or over-passes at high traffic
intersections, constructing pedestrian routes such as redesigned back alley networks,
creating or widening sidewalks and narrowing streets, and introducing traffic calming
infrastructure. Overall, placing schools in residential areas and developing safe routes and
social marketing strategies will shorten distances traveled and reduce safety concerns, and in
the end encourage children from both high and low income families to be active in walking
to school.

Acknowledgments

This study was supported by National Cancer Institute Centers for Transdisciplinary Research on Energetics and
Cancer (TREC) (U54 CA 116848), the Robert Wood Johnson Foundation Grant (57279), the Eunice Kennedy
Shriver National Institute of Child Health and Human Development (U01 HD061968), Institute of Environmental
Health Sciences (5P30 ES007048, 5P01ES011627, R01 ES016535), the National Institute of Health Grant
(5R01CA123243-03), the US Environmental Protection Agency (R831845), and the Hastings Foundation. We are
thankful to Claudia Lam for data preparation, and to Frederick Lurmann and Bryan Penfold of Sonoma
Technology, Inc. for the traffic density mapping.

References

Al Mamun A, Cramb SM, O'callaghan MJ, Williams GM, Najman JM. Childhood Overweight Status
Predicts Diabetes at Age 21 Years: A Follow-up Study. Obesity. 2009; 17:1255-1261. [PubMed:
19214172]

Binns HJ, Forman JA, Karr CJ, Osterhoudt K, Paulson JA, Roberts JR, Sandel MT, Seltzer JM, Wright
RO, HIth CE. The Built Environment: Designing Communities to Promote Physical Activity in
Children. Pediatrics. 2009; 123:1591-1598. [PubMed: 19482771]

Boarnet MG, Anderson CL, Day K, Mcmillan T, Alfonzo M. Evaluation of the California Safe Routes
to School legislation - Urban form changes and children's active transportation to school. American
Journal of Preventive Medicine. 2005a; 28:134-140. [PubMed: 15694521]

Boarnet MG, Day K, Anderson C, Mcmillan T, Alfonzo M. California's safe routes to school program
- Impacts on walking, bicycling, and pedestrian safety. Journal of the American Planning
Association. 2005b; 71:301-317.

Bracci PM. Obesity and pancreatic cancer: Overview of epidemiologic evidence and biologic
mechanisms. Molecular Carcinogenesis. 2012; 51:53-63. [PubMed: 22162231]

Braza M, Shoemaker W, Seeley A. Neighborhood design and rates of walking and biking to
elementary school in 34 California communities. American Journal of Health Promotion. 2004;
19:128-136. [PubMed: 15559713]

Carlin JB, Stevenson MR, Roberts I, Bennett CM, Gelman A, Nolan T. Walking to school and traffic
exposure in Australian children. Australian and New Zealand Journal of Public Health. 1997;
21:286-292. [PubMed: 9270155]

Health Place. Author manuscript; available in PMC 2015 March 17.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Suetal.

Page 14

Carver A, Salmon J, Campbell K, Baur L, Garnett S, Crawford D. How do perceptions of local
neighborhood relate to adolescents' walking and cycling? American Journal of Health Promotion.
2005; 20:139-147. [PubMed: 16295706]

Cavill N, Davis A. Cycling and Health: what's the evidence. Cycling England. 2007

CDC. [Accessed March 21, 2012 2012] Center for Disease Control and Prevention. U.S. Obesity
Trends. 2010. OnlineAvailable: http://www.cdc.gov/obesity/data/trends.html

Cole R, Leslie E, Donald M, Cerin E, Owen N. Residential proximity to school and the active travel
choices of parents. Health Promot J Austr. 2007; 18:127-34. [PubMed: 17663648]

Cooper AR, Jago R, Southward EF, Page AS. Active Travel and Physical Activity across the School
Transition: The PEACH Project. Medicine and Science in Sports and Exercise. 2012; 44:1890-
1897. [PubMed: 22525779]

Cooper AR, Page AS, Foster LJ, Qahwaji D. Commuting to school - Are children who walk more
physically active? American Journal of Preventive Medicine. 2003; 25:273-276. [PubMed:
14580626]

Dill, J. Transportation Research Board Annual Meeting. Washington, D.C.; 2004. Measuring network
connectivity for bicycling and walking.

Evenson KR, Huston SL, Mcmillen BJ, Bors P, Ward DS. Statewide prevalence and correlates of
walking and bicycling to school. Archives of Pediatrics & Adolescent Medicine. 2003; 157:887—
892. [PubMed: 12963594]

Ford P, Bailey R, Coleman D, Woolf-May K, Swaine I. Activity levels, dietary energy intake, and
body composition in children who walk to school. Pediatric Exercise Science. 2007; 19:393-407.
[PubMed: 18089907]

Frank L, Kerr J, Chapman J, Sallis J. Urban form relationships with walk trip frequency and distance
among youth. American Journal of Health Promotion. 2007; 21:305-311. [PubMed: 17465175]

Frank LD, Engelke PO. The built environment and human activity patterns: Exploring the impacts of
urban form on public health. Journal of Planning Literature. 2001; 16:202-218.

Frank LD, Schmid TL, Sallis JF, Chapman J, Saelens BE. Linking objectively measured physical
activity with objectively measured urban form - Findings from SMARTRAQ. American Journal of
Preventive Medicine. 2005; 28:117-125. [PubMed: 15694519]

Giles-Corti B, Macintyre S, Clarkson JP, Pikora T, Donovan RJ. Environmental and lifestyle factors
associated with overweight and obesity in Perth, Australia. American Journal of Health Promotion.
2003; 18:93-102. [PubMed: 13677967]

Giles-Corti B, Wood G, Pikora T, Learnihan V, Bulsara M, Van Niel K, Timperio A, Mccormack G,
Villanueva K. School site and the potential to walk to school: The impact of street connectivity
and traffic exposure in school neighborhoods. Health & Place. 2011; 17:545-550. [PubMed:
21237697]

Goran MI, Gover BA, Nagy TR, Johnson RK. Developmental changes in energy expenditure and
physical activity in children: Evidence for a decline in physical activity in girls before puberty.
Pediatrics. 1998; 101:887-891. [PubMed: 9565420]

Haukka E, Ojajarvi A, Takala EP, Viikari-Juntura E, Leino-Arjas P. Physical workload, leisure-time
physical activity, obesity and smoking as predictors of multisite musculoskeletal pain. A 2-year
prospective study of kitchen workers. Occupational and Environmental Medicine. 2012; 69:485—
492. [PubMed: 22539656]

Hosmer, DW.; Lemeshow, S.; May, S. Applied Survival Analysis: Regression Modeling of Time-to-
Event, Second Edition. Hoboken, NJ, USA: John Wiley & Sons, Inc; 2008.

Jarrett J, Woodcock J, Griffiths UK, Chalabi Z, Edwards P, Roberts I, Haines A. Effect of increasing
active travel in urban England and Wales on costs to the National Health Service. Lancet. 2012;
379:2198-2205. [PubMed: 22682466]

Jerrett M, Mcconnell R, Chang CCR, Wolch J, Reynolds K, Lurmann F, Gilliland F, Berhane K.
Automobile traffic around the home and attained body mass index: A longitudinal cohort study of
children aged 10-18 years. Preventive Medicine. 2010; 50:S50-S58. [PubMed: 19850068]

Johnson TG, Brusseau TA, Darst PW, Kulinna PH, White-Taylor J. Step Counts of Non-White
Minority Children and Youth by Gender, Grade Level, Race/Ethnicity, and Mode of School
Transportation. Journal of Physical Activity & Health. 2010; 7:730-736. [PubMed: 21088303]

Health Place. Author manuscript; available in PMC 2015 March 17.


http://www.cdc.gov/obesity/data/trends.html

1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Suetal.

Page 15

Kjartan S. Cost—benefit analyses of walking and cycling track networks taking into account insecurity,
health effects and external costs of motorized traffic. Transportation Research Part A: Policy and
Practice. 2004; 38:593-606.

Larkin J. Walking through walls: The sexual harassment of high school girls. Gender & Education.
1994; 6:263.

Lee IM, Shiroma EJ, Lobelo F, Puska P, Blair SN, Katzmarzyk PT. Effect of physical inactivity on
major non-communicable diseases worldwide: an analysis of burden of disease and life
expectancy. Lancet. 2012; 380:219-29. [PubMed: 22818936]

Lumsdon L, Tolley R. The National Cycle Strategy in the UK: to what extent have local authorities
adopted its model strategy approach? Journal of Transport Geography. 2001; 9:293-301.

Marten N, Olds T. Physical Activity: Patterns of active transport in 11-12 year old Australian children.
Auwustralian and New Zealand Journal of Public Health. 2004; 28:167-172. [PubMed: 15233357]

Martin S, Carlson S. Barriers to children walking to or from school - United States, 2004. Jama-
Journal of the American Medical Association. 2005; 294:2160—+. Reprinted from MMWR, vol 54,
pg 949-952, 2005.

Mcconnell R, Berhane K, Yao L, Jerrett M, Lurmann F, Gilliland F, Kunzli N, Gauderman J, Avol E,
Thomas D, Peters J. Traffic, susceptibility, and childhood asthma. Environmental Health
Perspectives. 2006; 114:766-772. [PubMed: 16675435]

Mcgarigal, K.; Cushman, S.; Neel, M.; Ene, E. FRAGSTATS: Spatial Pattern Analysis Program for
Categorical Maps Computer software program produced by the authors at the University of
Massachusetts Amherst. 2002. Available at the following web site:http://www.umass.edu/landeco/
research/fragstats/fragstats.html [Online]

Metcalf B, Voss L, Jeffery A, Perkins J, Wilkin T. Physical activity cost of the school run: impact on
schoolchildren of being driven to school (EarlyBird 22). British Medical Journal. 2004; 329:832—
833. [PubMed: 15317729]

Murtagh EM, Murphy MH. Active Travel to School and Physical Activity Levels of Irish Primary
Schoolchildren. Pediatric Exercise Science. 2011; 23:230-236. [PubMed: 21633135]

Ogden, CL.; Carroll, MD.; Kit, BK.; Flegal, KM. NCHS data brief. Hyattsville, MD: National Center
for Health Statistics; 2012. Prevalence of obesity in the United States, 2009-2010.

Pabayo R, Gauvin L, Barnett TA. Longitudinal Changes in Active Transportation to School in
Canadian Youth Aged 6 Through 16 Years. Pediatrics. 2011; 128:E404—E413. [PubMed:
21727104]

Panter JR, Jones AP, Van Sluijs EMF. Environmental determinants of active travel in youth: A review
and framework for future research. International Journal of Behavioral Nutrition and Physical
Activity. 2008; 5

Pucher J, Dill J, Handy S. Infrastructure, programs, and policies to increase bicycling: An international
review. Preventive Medicine. 2010; 50:S106-S125. [PubMed: 19765610]

Roth MA, Millett CJ, Mindell JS. The contribution of active travel (walking and cycling) in children to
overall physical activity levels: a national cross sectional study. Preventive Medicine. 2012;
54:134-139. [PubMed: 22182478]

Sahlqvist S, Song YN, Ogilvie D. Is active travel associated with greater physical activity? The
contribution of commuting and non-commuting active travel to total physical activity in adults.
Preventive Medicine. 2012; 55:206-211. [PubMed: 22796629]

Sallis JF, Frank LD, Saelens BE, Kraft MK. Active transportation and physical activity: opportunities
for collaboration on transportation and public opportunities health research. Transportation
Research Part a-Policy and Practice. 2004; 38:249-268.

Schlossberg M, Phillips PP, Johnson B, Parker B. How do they get there? A spatial analysis of a
‘sprawl school” in Oregon. Planning Practice and Research. 2005; 20:147-162.

Shankardass K, Jerrett M, Milam J, Richardson J, Berhane K, Mcconnell R. Social environment and
asthma: associations with crime and No Child Left Behind programmes. Journal of Epidemiology
and Community Health. 2011; 65:859-865. [PubMed: 21071562]

Siervo M, Ruggiero D, Sorice R, Nutile T, Aversano M, lafusco M, Vetrano F, Wells JC, Stephan BC,
Ciullo M. Body mass index is directly associated with biomarkers of angiogenesis and
inflammation in children and adolescents. Nutrition. 2012; 28:262-266. [PubMed: 22113066]

Health Place. Author manuscript; available in PMC 2015 March 17.


http://www.umass.edu/landeco/research/fragstats/fragstats.html
http://www.umass.edu/landeco/research/fragstats/fragstats.html

1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Suetal.

Page 16

Sirard JR, Slater ME. Walking and bicycling to school: A review. American Journal of Lifestyle
Medicine. 2008; 2:372.

Sister C, Wolch J, Wilson J. Got green? addressing environmental justice in park provision.
GeoJournal. 2009; 75:229-249.

Sleap M, Warburton P. Are Primary-School Children Gaining Heart Health Benefits from Their
Journeys to School. Child Care Health and Development. 1993; 19:99-108.

Sothern MS. Obesity prevention in children: physical activity and nutrition. Nutrition. 2004; 20:704—
708. [PubMed: 15212754]

Thompson DR, Obarzanek E, Franko DL, Barton BA, Morrison J, Biro FM, Daniels SR, Striegel-
Moore RH. Childhood overweight and cardiovascular disease risk factors: the National Heart,
Lung, and Blood Institute Growth and Health Study. J Pediatr. 2007; 150:18-25. [PubMed:
17188606]

Timperio A, Ball K, Salmon J, Roberts R, Giles-Corti B, Simmons D, Baur LA, Crawford D. Personal,
Family, Social, and Environmental Correlates of Active Commuting to School. American Journal
of Preventive Medicine. 2006; 30:45-51. [PubMed: 16414423]

Timperio A, Crawford D, Telford A, Salmon J. Perceptions about the local neighborhood and walking
and cycling among children. Preventive Medicine. 2004; 38:39-47. [PubMed: 14672640]

US CDC. [Accessed 12/16/2011] Then and now: Barriers and solutions for active transportation to/
from school. 2008. @ http://www.cdc.gov/nccdphp/dnpa/kidswalk/then_and_now.htm

USDA. [Access 07/30/2012] United States Department of Agriculture, Food and Nutrition Service
Income Eligibility Guidelines for School Years 2012-2013. 2012. at http://www.fns.usda.gov/cnd/
governance/notices/iegs/iegs.htm

Van Sluijs EMF, Fearne VA, Mattocks C, Riddoch C, Griffin SJ, Ness A. The contribution of active
travel to children's physical activity levels: Cross-sectional results from the ALSPAC study.
Preventive Medicine. 2009; 48:519-524. [PubMed: 19272404]

Voorhees CC, Ashwood S, Evenson KR, Sirard JR, Rung AL, Dowda M, Mckenzie TL.
Neighborhood Design and Perceptions: Relationship with Active Commuting. Medicine and
Science in Sports and Exercise. 2010; 42:1253-1260. [PubMed: 20019628]

Wen LM, Fry D, Rissel C, Dirkis H, Balafas A, Merom D. Factors associated with children being
driven to school: implications for walk to school programs. Health Education Research. 2008;
23:325-334. [PubMed: 17884835]

WHO. Chapter 26: Mortality and burden of disease attributable to individual risk factors. In: Ezzati,
M.; Lopez, AD.; Rodgers, A.; Murray, CJL., editors. Comparative Quantification of Health Risks.
Geneva: World Health Organization; 2004.

Wolch J, Jerrett M, Reynolds K, Mcconnell R, Chang R, Dahmann N, Brady K, Gilliland F, Su JG,
Berhane K. Childhood obesity and proximity to urban parks and recreational resources: A
longitudinal cohort study. Health & Place. 2011; 17:207-214. [PubMed: 21075670]

Wolch J, Wilson JP, Fehrenbach J. Parks and park funding in Los Angeles: An equity-mapping
analysis. Urban Geography. 2005; 26:4-35.

Wong BYM, Faulkner G, Buliung R. GIS measured environmental correlates of active school
transport: A systematic review of 14 studies. International Journal of Behavioral Nutrition and
Physical Activity. 2011; 8

Health Place. Author manuscript; available in PMC 2015 March 17.


http://www.cdc.gov/nccdphp/dnpa/kidswalk/then_and_now.htm
http://www.fns.usda.gov/cnd/governance/notices/iegs/iegs.htm
http://www.fns.usda.gov/cnd/governance/notices/iegs/iegs.htm

1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Suetal.
Table 1
Descriptive statistics of individual and school-level variables for walking to school
analysis

Variable Name Percent Mean Std Dev
Individual Level $
Rate of walking to school (%) 20.2
Male (1=male, O=other) 51.8
Age 6.6 0.7
Asthma status (1= asthma, O=other) 15.1
Parent education (category)’ Category 1-5
Distance to school (mile) 17 33
Distance to school (mile) 1.7 33
Total population within 200 m buffer 289 266
Total population within 500 m buffer 1728 1485
Total population within 2000 m buffer 6452 5339
NOy freeway and non-freeway (ppb) 229 204
NOy freeway (ppb) 15.2 174
NOx non-freeway (ppb) 7.7 6.5
Traffic density in 150 m buffer (AADT) 485 108.5
Traffic density in 300 m buffer (AADT) 56.7 105.4
# days of sports in a week 4.2 23
# days of team sports in a week 0.6 0.9
Contagion index (500 m buffer) 58.9 154
Contiguity index (500 m buffer) 0.2 0.08
Fractal dimension index (500 m buffer) 1.2 0.07
Land shape index (500 m buffer) 2.2 0.9
Percent residential (500 m buffer) 68.0 18.0
Percent agriculture & open (500 m buffer) 12.9 155
Percent government & institutional (500 m buffer) 45 5.6
Percent other land use (500 m buffer) 145 14.3
Simpson's diversity index (500 m buffer) 0.4 0.2

School Level
# grocery stores around school (500 m buffer) 0.5 0.9
# fast food stores around school (500 m buffer) 15 2.0
No food stores around school (%) (500m buffer) 50.8 50.0
Contagion index (500 m buffer) 64.7 7.4
Contiguity index (500 m buffer) 0.2 0.07
Fractal dimension index (500 m buffer) 1.2 0.03
Land shape index (500 m buffer) 2.1 0.7
Percent residential (500 m buffer) 73.2 15.3
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Variable Name Percent Mean Std Dev
Percent agriculture & open (500 m buffer) 8.5 10.8
Percent government & institutional (500 m buffer) 8.7 5.1
Percent other land use (500 m buffer) 9.7 10.6
Simpson's diversity index (500 m buffer) 0.4 0.2
Title one school (1=title one, 2=not title one) 415 49.3
Percent English learners 21.6 214
Percent Free and Reduced Price Meals Program 48.6 29.9
Ethnicity diversity index 36.1 12.7

CFor minority composition, this study includes 52.2% Hispanic, 4.5% Black, 3.5% Asian and others other than non-Hispanic White 9.5%.

Page 18

TFor parent education, 1=less than 12th grade with 21.9% of the study subjects; 2=12th grade with 20.3%; 3=some college with 37.9%; 4=4-yr

college with 10.9%; 5=post-grade school with 8.9%.
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Table 3

Multiplelogistic regression modeling results of whether children walk to school using

individual-level variablesfrom Table 2
Parameter OddsRatio 95% Confidence Interval Sig.
Constant 1.08 0.33 3.58 0.90
Asian 0.46 0.24 0.90 0.02
Black 0.96 0.54 1.72 0.90
Hispanic 0.97 0.73 1.29 0.85
Others 1.41 0.87 2.27 0.17
Male 1.18 0.95 1.47 0.14
Age 1.34 1.13 1.60 <0.01
Parent education 0.88 0.79 0.99 0.03
Distance to school (category) 0.11 0.09 0.14 <0.01
Traffic density (300m buffer) (AADT) 0.93 0.87 0.99 0.03
Contagion index ¥ 133 114 155 <0.01
Contiguity index ¥ 0.82 0.68 0.98 0.03
Percent government & institutional® 116 1.03 129 0.01

TThe model used town indicator as a fixed effect, and the age, gender and race variables were always included; however, other variables were

required to have a significance level of 0.05 for inclusion. All the variables other than race-ethnicity and gender were normalized using

corresponding interquartile range.

iVariable had a buffer distance of 500 m and was deviated from corresponding school level statistics.
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Table 4

Two-level mixed multiple regression model on whether children walk to school™.

Parameter OddsRatio 95% Confidencelnterval  Sig.
Constant 0.79 0.17 3.68 0.77
Asian 0.43 0.22 0.83 0.01
Black 0.75 0.43 1.32 0.32
Hispanic 0.94 0.71 1.24 0.64
Others 1.44 0.91 2.27 0.12
Male 1.13 0.91 1.39 0.27
Age 1.38 117 1.64 <0.01
Distance to school (category) 0.12 0.09 0.15 <0.01
Traffic density (300m buffer) (AADT) 0.91 0.85 0.97 <0.01
Contagion index (500m buffer) ¢ 120 1.04 139 0.02
Percent government & institutional (500m buffer) ¢ 124 109 140 <.01
Percent Free and Reduced Price Meals Programi 2.06 1.06 4.03 0.05
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*

School identifier was used as a random effect while town identifier was used as a fixed effect. Individual-level age, gender and race variables
were maintained in the model but other variables were required to have a significance level of 0.05 for inclusion. All the variables other than race-
ethnicity and gender were normalized using corresponding interquartile range.

éVlndividuatl—level variable with values deviated from school-level statistics.

¢School—level variable.
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