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Abstract. Active commuting to school increases children’s daily physical activity. The built environment is associated with
children’s physical activity levels in cross-sectional studies. This study examined the role of the built environment on the outcomes of a “walking school bus” study. Geographical information systems was used to map out and compare the built environments around schools participating in a pilot walking school bus randomised controlled trial, as well as along school
routes. Multi-level modelling was used to determine the built environment attributes associated with the outcomes of active
commuting to school and accelerometer-determined moderate-to-vigorous physical activity (MPVA). There were no differences in the surrounding built environments of control (n = 4) and intervention (n = 4) schools participating in the walking
school bus study. Among school walking routes, park space was inversely associated with active commuting to school
(β = -0.008, SE = 0.004, P = 0.03), while mixed-land use was positively associated with daily MPVA (β = 60.0, SE = 24.3,
P = 0.02). There was effect modification such that high traffic volume and high street connectivity were associated with
greater moderate-to-vigorous physical activity. The results of this study suggest that the built environment may play a role
in active school commuting outcomes and daily physical activity.
Keywords: built environment, children, geographical information systems, active commuting, physical activity, United States
of America.

Introduction
The built environment has been shown to influence
children’s physical activity, and built environments
that promote walking and other forms of physical
activity have been offered as one way to maximise
children’s physical activity (Davison and Lawson,
2006; Saelens and Handy, 2008; Giles-Corti et al.,
2009; Ding et al., 2011). Walking to school represents
a population level activity that could improve physical
activity in youth and help combat obesity (U.S.
Department of Health and Human Services, 2012).
Active commuting (walking or cycling) to school has
been associated with increased overall physical activity
and decreased adiposity in youth (Lee et al., 2008;
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Lubans et al., 2011; Mendoza et al., 2011b). A “walking school bus” is a neighbourhood programme where
children walk to and from school led by (an) adult
chaperone(s). Walking school buses have become
increasingly popular among localities seeking to
increase childhood physical activity and active commuting to school (ACS). When studied empirically,
walking school buses have been shown to increase
children’s ACS and overall daily physical activity levels (Mendoza et al., 2011a). Certain attributes of the
physical environment may play a role in parent’s decisions surrounding ACS, as well as in children’s decisions on whether to walk to school. These built environment factors may influence decisions on active
commuting beyond simple availability of a walking
school bus programme. The goal of this study was to
examine the role of the environment on a walking
school bus pilot randomised controlled trial (RCT).
We used geographical information systems (GIS) to
map and analyse the environments around schools
participating in a walking school bus pilot RCT, as
well as the environments along walking routes, to bet-
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ter contextualise the environments in which the RCT
occurred and determine the importance of environmental context on the study outcomes. We hypothesised that attributes of built environment previously
shown to be associated with ACS and physical activity
in youth in cross-sectional studies would predict
changes to children’s ACS at follow-up. Given the
well-described association between ACS and daily
physical activity, we further aimed to test whether any
built environment attributes along walking routes predicted overall daily moderate-to-vigorous physical
activity (MVPA) levels.
In this current study, we use subject data obtained
from a RCT walking school bus study conducted in
Houston, Texas, United States of America (USA) in
2009 (Mendoza et al., 2011a), along with newly collected geospatial data to test whether surrounding
built environments predict physical activity. Subject
data collected during the original RCT included daily
school commute type (walking versus motorised),
daily physical activity levels, subject height and weight
and a subject’s socioeconomic information. All
geospatial data, including all GIS and built environment data and analyses, were collected as new data for
this study and analysed for the first time in this study.

review board of Baylor College of Medicine and the
Research Department of the Houston Independent
School District.
Walking school bus intervention
In the walking school bus study, schools were
matched according to race/ethnicity and socioeconomic status and randomly assigned to the intervention
(n = 4) or control (n = 4) condition. Intervention
schools had one to three walking routes based on children’s home addresses. The control schools received
the usual information provided by the school district
on school transportation and were free to commute to
school as they wished.
Outcome variables

This study used an observational, cross-sectional
design to examine the role of the built environment on
outcomes of a walking school study conducted in
Houston, USA in 2009. Full details of the original
walking school busy study, including the study population, study design and outcomes, have been previously published (Mendoza et al., 2011a).

The primary outcome variable in the original walking school bus study was the change in percentage of
trips made by ACS over one school week (percent
ACS). This was assessed every school day for each
subject for one week at baseline (prior to randomisation) and at follow-up (during weeks 4 and 5 of the
programme) using a validated instrument (Mendoza et
al., 2009). The secondary outcome in the walking
school bus study was change in MVPA (min per day)
measured by accelerometry (ActiGraph GT1M,
Pensacola, USA), with a valid day defined as ≥10
hours of wear per day and MVPA categorised by agespecified thresholds set at four metabolic equivalents
(Freedson et al., 1997). For this study, both percent
ACS and MVPA at the subject level were retained as
the primary and secondary outcome variables, respectively.

Participants

GIS variables

One hundred and forty-nine low-income children in
the 4th grade who had participated in the walking
school bus RCT and lived within one mile of school
were included in this study. Children in the intervention group attended one of four intervention schools,
with children in the control group from four control
schools. The mean age was 9.7 years, 47.0% were
male, 2.7% non-Hispanic White, 30.9% nonHispanic Black and 62.4% Hispanic/Latino with
58.4% of parent participants being born outside the
USA. There were no statistical differences between any
of the above baseline participant characteristics in the
control and intervention groups (Mendoza et al.
2011a). The study was approved by the institutional

Built environment attributes were considered static
since the original study was evaluated over a brief time
period of 5-6 weeks. ArcGIS version 10.0 (ESRI;
Redlands, USA) was used to map the environments
around the study schools and along walking routes for
intervention and control subjects. Attributes of the
built environment available in GIS, which might plausibly influence a parent’s decision to allow ACS and a
child’s decision to walk to school, were included.
These included the following nine variables: presence
of sidewalks, land-use mix, street connectivity, traffic
volume, traffic signals, police presence, bicycle paths,
major roads and parks (Kerr et al., 2006; Larsen et al.,
2009; Mecredy et al., 2011; Wong et al., 2011; Giles-
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Corti et al., 2011). Sidewalks, presence and width in
meters (m), were obtained from Google Earth
basemaps using aerial photography. For land-use mix,
parcel and zoning data were obtained from the Harris
County Appraisal District and the Neighbourhood
Environment for Active Transport-GIS protocols were
then used to determine land-use mix and to create a
dissimilarity index to measure the degree to which different land-uses exist. Values ranged from 0 (perfect
similarity of all surrounding land use categories) to 1
(complete dissimilarity) as described by Forsyth
(2012). Street connectivity was created with the ESRI
ArcMap software using ArcToolbox and recorded as
the number of intersections based on street centrelines
obtained from the City of Houston GIS. Traffic volume, recorded as counts, were obtained from Houston
TranStar (http://www.houstontranstar.org/). Traffic
signals data, recorded as numerical data, were
obtained from the City of Houston Department of
Public Works and Engineering. Police presence (density of police stations and neighbourhood storefronts)
was obtained from the City of Houston Geographical
Information & Management system (http://www.gims.
houstontx.gov/PortalWS/MainPortal.aspx) as was the
extent and width of bicycle lanes (m), major roads (m)
and parks (m2).
We created buffers around the schools and around
the walking routes to map the surrounding built environments using GIS (Fig. 1). For schools, we first
geocoded the schools based on address and then created buffers using both straight lines and street networks
(Oliver et al., 2007), creating 400-, 800- and 1,600-m
(the latter roughly 1 mile) buffers. Four and 800-m are
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considered proximal neighbourhood environments for
children (Timperio et al., 2004; Colabianchi et al.,
2009), and 1,600-m has been used to validate children’s walking environments using GIS, which led to
all three buffer sizes being used in the analyses
(Duncan et al., 2011). For walking routes, intervention schools’ buffers were created around the routes
children walked along during the RCT. For control
schools, each child’s home address was geocoded, and
the route was the shortest distance from home to
school using street networks. For all walking routes to
school, we created straight-line buffers around the
street centrelines running along the street networks to
determine the presence of built environmental variables. We used 50-m buffers to assess the environments around the walking routes (Duncan et al., 2011)
for all GIS variables except dissimilarity index, which
used 200-m buffers, and traffic counts, which required
2,000-m buffers since these counts were only recorded
in specific, predetermined cross-streets often falling
outside the smaller buffers.
Covariates
Subject covariates which were collected as part of
the original RCT in 2009 and included in this study
were as follows. Height and weight were measured in
duplicate by trained research staff following a standardised protocol. The body mass index (BMI, kg/m2)
was calculated from the mean of the two measured
heights and weights, and Centers for Disease Control
and Prevention (CDC) growth charts were used to calculate BMI z-scores (Kuczmarski et al., 2002). Parents

Fig. 1. GIS maps showing examples of a school buffer and a walking route buffer.
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completed a socio-demographic survey, which provided age (years), gender, race/ethnicity (non-Hispanic
White, non-Hispanic Black, Hispanic, other), highest
level of household education, annual household
income and home address. Acculturation, i.e. the
process of adopting the cultural traits or social patterns of another group, previously shown to be associated with Latino children’s mode of transport to
school in cross-sectional studies, was obtained from
several proxies (parent and child’s country of birth,
parent and child’s length of residence in the USA)
which were summed to provide a global measure
(Martinez, et al., 2008; Mendoza et al., 2010). Safety
was assessed using a subscale from the
Neighbourhood Environment for Children Rating
Scales (Coulton et al., 1996). Children’s self-efficacy
for ACS, and parent’s self efficacy for allowing their
children to do ACS, along with parents’ outcome
expectations were assessed using self-reported questionnaires according to Cronbach’s α = 0.75, 0.88 and
0.78, respectively (Mendoza et al., 2010, 2011a).
These constructs were associated with children’s ACS
in previous studies (Mendoza et al., 2010, 2011a).
Statistical analysis
We first conducted school-level analyses using
descriptive statistics to report the presence of built
environment variables in the buffers surrounding the
eight intervention and control schools. Analyses of
variance (ANOVA) was used to compare the mean
presence of environmental factors in intervention and
control schools within the straight-line and street network buffers.
To determine the importance of the built environment on ACS, we then conducted student-level analyses using multi-level mixed models accounting for
repeated measures with school, route and individual
child included as random effects to test for the presence of significant built environment variables along
walking routes. Two separate models were run: one
with percent ACS (the primary outcome of the RCT)
and one with min per day of MVPA (the secondary
outcome) as the dependent variable. Independent variables included the nine built environment variables
mapped in GIS, study subject, school route and study
status (control versus intervention). An interaction
term between street connectivity and traffic volume
was included in the models. Covariates included age,
gender, race/ethnicity, parental education, family
income, neighbourhood safety, acculturation and distance from home. Mediating variables (child self-effi-

cacy and parent self-efficacy) were included in the
model for percent ACS only. Stepwise procedures with
backward elimination of non-significant (P >0.1)
covariates identified significant predictors. A Markov
chain Monte Carlo algorithm was used to impute
missing data for non-GIS data only (Yuan, 2000). The
continuous variables street connectivity and traffic
volume were then further categorised as binary variables based on median values to allow for testing of
the estimated marginal means to better describe the
interactions between street connectivity and traffic
volume.
Results
Comparing the surrounding environments of control with intervention schools, using both straight-line
and street-network buffers, we found no statistically
significant differences in the presence of the nine built
environment features at 400-m or 800-m (data not
shown). For 1,600-m buffers, only the amount of park
space approached significance, with intervention
schools having more surrounding park space
(146,121 m2 versus 551,344 m2, P = 0.09), as measured by straight-line buffers (Table 1). No differences
were present using 1,600-meter street-network
buffers.
Looking at the built environments along school
routes, we found several different attributes of the
built environment to be significant predictors for the
primary outcome (ACS) as well as for the secondary
outcome (MVPA) (Table 2). For ACS, we found that
the amount of park space (P = 0.03) along school
routes was inversely associated with ACS. No other
built environment features present along school routes
predicted the ACS outcomes. After adjusting for these
possible built environment features, we also did not
find any personal or family characteristics to be predictive of whether a child did ACS. For predicting longitudinal physical activity, younger age (P = 0.01) and
being male (P = 0.002) were associated with greater
daily MVPA, as were walking along school routes
with increased mixed-land use (P = 0.02), less street
connectivity (P = 0.04), and lower traffic volume
(P = 0.04). In addition, there was evidence of effect
modification between street connectivity and traffic
volume (P = 0.02). Along school routes with low traffic volume, there was no difference in MVPA between
routes with high or low street connectivity. Along
school routes with high traffic volume, high street connectivity was associated with greater MVPA (53 min)
than low street connectivity (35 min) (Fig. 2). No asso-
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Table 1. School-level analyses comparing presence of environmental factors within school buffers.
1,600 m radial buffer (mean)
Built environmental
variable

1,600 m street-network buffer (mean)

Control
schools (n = 4)

Intervention
schools (n = 4)

P-value

Control
schools (n = 4)

Intervention
schools (n = 4)

P-value

Sidewalk (m)

29,178

36,957

0.47

63,318

66,566

0.83

Land-use mix

0.37

0.34

0.43

0.35

0.36

0.83

Street connectivity

459

352

0.15

252

209

0.41

Traffic volume

168,987

224,769

0.51

80,173

123,886

0.30

Traffic signals

18.8

13.3

0.26

10.5

8.8

0.59

Police

0.5

0.5

1.00

0

0.5

0.13

Bicycle paths (m)

9,472

7,773

0.56

4,209

3,445

0.65

Major roads (m)

16,120

13,735

0.45

8,628

8,069

0.78

Parks (m2)

146,121

551,344

0.09

73,059

122,924

0.24

Highly significant results in bold.

ciations were found between sidewalks, traffic signals,
police presence, bicycle paths or major roads and ACS
or physical activity.
Discussion
This study is the first to contextualise the surrounding built environments of schools participating in a
walking school bus RCT and to identify potential
environmental attributes using GIS which may play a
role in walking school bus outcomes. We found that
despite schools having similar surrounding built environments, differences in the built environment along
school routes were significantly associated with frequency of active commuting to school and overall
daily MVPA. Presence of park space predicted lower

ACS, while greater mixed land-use was associated
with higher daily MVPA. Street connectivity and traffic volume were associated with daily MVPA such that
school routes with higher traffic volume and higher
street connectivity were associated with achieving on
average 18 more min of daily MVPA than routes with
high street volume but low connectivity. There was no
difference in MVPA along school routes with lower
traffic volume, regardless of street connectivity.
There are several important findings and the study
begins to provide much needed experimental data on
the importance of the built environment on changes
with respect to physical activity behaviour. These findings have the potential to offer important guidance to
planners and designers, who have the ability to influence physical activity levels in society through the

Table 2. Student-level multivariable analyses of environmental factors along school routes predicting active commuting and physical
activity.
Active commuting to schoola
Built environmental
variable

MVPAb

Regression
coefficient

Standard
error (SE)

P-value

Regression
coefficient

Standard
error (SE)

P-value

Sidewalk

0.003

0.007

0.64

0.002

0.005

0.66

Land-use mix

17.8

34.8

0.61

60.0

24.3

0.02

Street connectivity

-3.84

4.02

0.34

-5.57

2.62

0.04

Traffic volume

0.001

0.003

0.62

-0.003

0.002

0.04

-0.00005

0.0002

0.84

0.0004

0.0002

0.02

1.85

9.66

0.85

0.68

5.68

0.91

-

-

-

-

-

-

0.005

0.020

0.98

-0.03

0.02

0.07

0.02

0.02

0.39

0.02

0.01

0.23

-0.008

0.004

0.03

-0.0009

0.002

0.73

Street connectivity x traffic volume
Traffic signals
Police
Bicycle paths
Major roads
Parks

Model adjusted for distance, parent acculturation, parent outcome expectations, study group, study period and the interaction
between study group and study period; bmoderate-to-vigorous physical activity; highly significant results in bold.

a
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Fig. 2. The influence of street connectivity on children’s daily
physical activity, stratified by traffic volume.

spaces they design. Built environment variables were
selected based on prior empiric work showing associations with physical activity and this study’s findings
complement a long history of planning and design theory on features purported to influence pedestrian
behaviour and activity (Handy et al., 2002).
In contrast to previous cross-sectional studies
reporting increased green space to be associated with
physical activity (Potwarka et al., 2008; Jones et al.,
2009; Lachowycz et al., 2012), this study found that
having less park space along walking routes predicted
higher ACS rates. Less park space may be an indication of a built environment with greater street coverage and a more developed urban infrastructure and
higher population density (Fuller and Gaston, 2009),
which may facilitate or encourage ACS. It is worth
noting that distance to school did not significantly predict ACS, nor did traffic volume or traffic signals, suggesting parks are not simply a proxy for degree of
“urbanicity”. Moreover, the walking school bus programme may help overcome distance to school as a
barrier to ACS. Many attributes of the built environment may influence travel patterns through related or
convergent pathways. For example, the presence of a
high degree of street intersections and a paucity of
green space may be conceptually related to increased
traffic counts. To distinguish between these potentially
related concepts, we included and tested each specific
environmental attribute, including street connectivity,
parks and traffic volume, as separate predictor variables of longitudinal travel patterns, to determine any
discrete pathways of action on commuting patterns.
One other possible mechanism through which these
related built environment concepts may impact commuting mode is through individual perceptions.
Parental perception is known to play a role in children’s school commute mode (Oreskovic et al., 2009),

and parents may perceive less park space to indicate a
more established urban infrastructure with fewer
major roads and thereby a lower risk of traffic-related
danger, which in turn may influence their decisions for
allowing their child to do ACS.
No association was present between street connectivity and continued participation in a walking
school bus programme, in contrast to prior cross-sectional studies (Timperio et al., 2006; Giles-Corti et
al., 2011). Prior work has also found street connectivity to be inversely related to physical activity in
children (Mecredy et al., 2011). The present study
found evidence that traffic modifies the effect of
street connectivity on MVPA, providing further
insight into the complex relationship between the
built environment and physical activity. One theory
has been that increased street connectivity may correspond with higher traffic volumes, and thereby discourage physical activity. A study among Australian
schoolchildren found that in neighbourhoods with
high street connectivity, children were more likely to
walk to school in regions with lower traffic volumes
(Giles-Corti et al., 2011). Similarly, our findings of
greater MPVA associated with higher street connectivity and greater traffic may be a reflection that environments containing high street connectivity and
traffic represent easier opportunities for children to
travel to areas where they may be physically active,
especially if the children do so by walking or other
active means. Additionally, high street connectivity
and high traffic may simply reflect areas where it is
easier for parents to transport their children to places
where they can be physical active. These findings for
ACS and overall physical activity raise important
questions about whether specific attributes of the
built environment promote physical activity differently depending on activity type. While prior studies
have used cross-sectional data, this study used ACS
and physical activity data from a RCT, providing
some suggestion on the causal role of the built environment in determining ACS and physical activity
patterns in children. Given the small sample size, and
the secondary nature of these analyses, additional
experimental studies are needed to better clarify the
role of the built environment on childhood physical
activity.
The study findings that younger children and boys
were more likely to have higher daily MVPA are consistent with national physical activity patterns in the
USA (Nader et al., 2008). Regarding other built environment attributes in addition to street connectivity
and traffic volume, we found that children who
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walked along routes with increased mixed land-use
also had greater overall daily MVPA levels. These findings are consistent with the existing literature on the
role of mixed-land use in promoting walking and
weight control (Rundle et al., 2007; Saelens and
Handy 2008; Ding et al., 2011).
This study has several limitations. The school routes
which control subjects walked along to get to school,
if any, were not known, and were based on shortest
street network walking distance to school. This is a
logical approach which has been widely used in previous GIS-based research (Wong et al., 2011). Recent
work using global positioning systems documenting
children’s travel patterns to school confirms that children follow direct connected street routes to school
(Cooper et al., 2010). There may be other built environmental elements not available for GIS analysis in
this study but which may contribute to a parent’s decision to allow a child to participate in a walking school
bus study. This study was conducted in one urban city
in Texas, USA among low-income children, and findings may not be possible to generalise. The sample size
is relatively small, which limits statistical power. The
GIS analysis in this study was cross-sectional and the
follow-up period of the original walking school bus
study was brief - studies are necessary to examine
influences on outcomes in the long-term.
Despite these caveats, this study has several
strengths. Most prior studies using GIS to assess environmental correlates along school routes have used
cross-sectional physical activity and school travel data
(Wong et al., 2011), this study used travel data from a
RCT to assess the contribution of the built environment to ACS. To our knowledge, this study is the first
to report on the use of GIS to analyse the role of the
built environment on the outcomes of a walking
school bus RCT. We employed sophisticated statistical
multi-level modelling accounting for possible random
effects at the level of the individual, the school, and the
surrounding environment. The findings are informative to planners and designers responsible for city
design and infrastructure upkeep, and by shaping the
environments which children use to obtain daily physical activity, have the capacity to result in a population-level shift in commuting patterns and physical
activity levels.

space along school routes was associated with more
active commuting to school, while greater land-use
mix, and school routes with both high street connectivity and high traffic volumes were associated with
increased MVPA. Childhood physical activity and
active travel interventions should consider the potential impact of the built environment.
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