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Introduction

Active transportation (e.g., walking or bicycling) to or from 
school (ATS) among K- to eighth-grade children notably 
declined from 40.7% to 12.9% between 1969 and 2001 in 
the USA (McDonald 2007). Studies have associated the 
rapid ATS decrease with falls in childhood physical activity 
levels (Lee, Orenstein, and Richardson 2008; Tudor-Locke, 
Ainsworth, and Popkin 2001), an increase in childhood obe-
sity (Davison, Werder, and Lawson 2008), and an increase 
in traffic congestion near schools (Smith et al. 2015). To 
reverse this trend, public health programs, such as Safe 
Routes to School (SRTS) programs, were initiated by the 
Safe, Accountable, Flexible, Efficient Transportation Equity 
Act: A Legacy for Users (SAFETEA-LU) in 2005. Since 
then, the national SRTS has funded over $1 billion of infra-
structure improvements, law enforcement, and school edu-
cation and activities, aiming to promote children’s ATS 
(National Center for Safe Routes to School 2015a). However, 
SRTS programs have not made substantial improvements in 
ATS behavior. Only about a 3% increase in ATS was reported 
among 5227 schools participating in SRTS between 2007 
and 2013 (National Center for Safe Routes to School 2015b). 
SRTS interventions generally had little impact (Cohen’s d < 
0.33), according to a systematic review paper (Chillón et al. 
2011).

SRTS evaluation studies repeatedly identified safety and 
parents’ inconvenience, rather than infrastructure, as the most 
significant barrier to ATS (Kerr et al. 2006; McDonald et al. 
2014; Mendoza et al. 2012; Pont et al. 2009; Stewart 2011). 
Increased cultural, social, and legal pressure for parental 
supervision outside the home, caused by parents’ safety con-
cerns, may deter ATS decisions (Collins and Kearns 2001). 

However, most mainstream SRTS projects may have assumed 
that children can walk or bike independently and have 
attempted to identify characteristics of individuals who were 
more likely to do ATS. A child’s commuting behavior may be 
affected by her or his social network, peer support, or com-
muting route interactions (Mikkelsen and Christensen 2009; 
Panter et al. 2010a; Sidharthan et al. 2011). For example, par-
ents may feel comfortable allowing their children to walk to 
school if the child’s friends in the neighborhood walk to 
school in a group. In the current paper, we discuss a different 
SRTS approach that focuses on student groups more than 
individuals and test whether such programs would be feasible 
in a low-density suburban neighborhood.

Walking School Bus Programs

A walking school bus (WSB) is a group of children who walk 
to and from school, escorted by responsible adults (National 
Center for Safe Routes to School. n.d.-b). The concept of a 
WSB, originally proposed in the early 1990s in Australia 
(Engwicht 1993; Kingham and Ussher 2007), spread 
throughout the UK, Australia, Canada, and New Zealand 
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(Collins and Kearns 2010; Kearns, Collins, and Neuwelt 
2003). A WSB program is a relatively new form of ATS in 
the USA, which is intended to deal with parents’ safety con-
cerns (McDonald and Aalborg 2009). Compared to individ-
ual-level SRTS programs, WSB has many benefits. With 
responsible adult escorts, WSB programs protect children 
from traffic and other street risks and teach safe pedestrian 
behaviors (Mendoza et al. 2012). Various social and com-
munity benefits were reported from previous WSB programs 
(Kingham and Ussher 2007).

However, there are challenges in implementing and mar-
keting WSB programs. WSB programs are restricted by 
route lengths for children’s walking capability and adequate 
WSB group sizes for adult supervision. For example, a WSB 
intervention study in Houston, TX, set walking route lengths 
averaging 1.3 km and grouped 8–12 children with two adult 
escorts per route (Mendoza et al. 2011). Other WSB studies 
determined the maximum walking route distance as 1.6 km 
(Kong et al. 2009; Sirard et al. 2008). The National Center 
for SRTS recommends that one adult supervise six children 
aged 7–9 years (National Center for Safe Routes to School. 
n.d.-b). In some low-density neighborhoods, it may not be 
possible to form a WSB group with such sizes. Thus, neigh-
borhood and student density play important roles in identify-
ing areas where WSB might succeed.

Research Objectives

The present study examined whether a WSB program is spa-
tially feasible in a suburb locale school district. In other words, 
would it be possible in that given district to form a large enough 
group of elementary students for WSB? We estimated potential 
WSB group sizes by calculating the overlap of students’ walk-
ing routes under different levels of hypothetical WSB partici-
pation. Next, using a parent survey we assessed potential WSB 
participation. Finally, we examined characteristics of those 
who were likely to participate in a WSB program.

Methods

Study School District

This study employed data from four public elementary 
schools in the Sweet Home Central School District in Erie 
County, NY, USA. The school district intersects with two 
1960s suburban towns (Amherst and Tonawanda), about 25 
km north of downtown Buffalo (Supplementary File 1). 
Collaborating with the school district, the research team, 
including the authors, participated in a district-level SRTS 
program for two years (2014–2016). The census tracts served 
by the district had a total population of 36,757 (2009–2013 
American Community Survey). The census tracts were domi-
nantly white (78.4%), similar to those of the Erie  
County (79.1%), and had a median household income of 
$49,130, lower than that of the whole county ($49,977) and 

neighboring towns ($52,288–$68,018). The area was a car-
dominant neighborhood for families (74.5% of households 
with one child under 18 years; 43.2% with one vehicle avail-
able and 49.6% with two or more vehicles available). The 
school district was established following the completion of 
local transportation projects in the 1950s (KTA Preservation 
Specialists/Archaeological Survey 2011). Figure 1 shows 
maps of the schools. Overall, the school district area was a 
typical post-war, white-dominant, car-dependent, residential 
suburb for middle- or lower-middle-class families in western 
New York. Residential density of the district was about 2.5 
dwelling units per gross hectare (du/ha.gross), lower than the 
suggested base density for suburban zones by New Urbanists 
(5 du/ha.gross) (Duany, Sorien, and Wright 2009).

Walking Route Data

First, we conducted analyses using students’ potential walk-
ing routes. It was assumed that a WSB program is planned 
based on students’ shortest network routes from their homes 
to their schools. For home addresses, we used student direc-
tory data provided by the school district transportation office. 
The directory data, as of March 2014, included all enrolled 
students’ home addresses and school-bus scheduling infor-
mation. After de-identifying students’ information, home 
addresses were geocoded using the 2012 Erie Street Address 
Locator in ArcMap 10.1 (ESRI, Redland, CA). Four school 
locations were manually geocoded using Google Maps imag-
eries and site visits. For each of the study schools, we manu-
ally geocoded access points where pedestrians may walk or 
bike to the school property lot (e.g., property entrances for 
pedestrians). We geocoded 1–4 access points per school, 
totaling 10 points. Finally, the shortest network routes were 
calculated from each student’s geocoded home point to the 
closest access point of his or her own school. The street net-
work dataset was built from the 2013 TIGER Census street 
line files. The shortest routes were calculated by the ESRI 
Network Analyst extension, excluding street segments not 
traversable by pedestrians (e.g., highways or onramps). The 
current study only included students having the calculated 
shortest network distance ≤1.6 km. The 1.6 km threshold 
was selected as a realistic upper bound of walkable distances 
for elementary students (McMillan 2007). The 1.6 km sam-
ple was determined to consist of all students that have the 
shortest network distance ≤1.6 km from home to school in 
the school district transportation list.

Walking routes were characterized with variables selected 
from prior SRTS studies (Kerr et al. 2006; Stewart 2011). 
Included variables were route distance (McDonald 2008), 
route directness (Panter et al. 2010b), defined as the ratio of 
airline distance (Euclidean distance) to network distance 
(Manhattan distance), and busy road crossings (Timperio 
et al. 2004), defined as the number of crossings along the 
route as highways, major roads, and local roads with speed 
limit ≥56.3 km/h (35 mph).
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Second, we measured the built environment around walk-
ing routes. Residential unit density and street intersection 
density were measured within 200 m buffers around walking 
routes. The buffer distance of 200 m was determined using 
the average block length in the school district area. It was 
calculated from the total length of street segments excluding 
cul-de-sac segments divided by the number of intersections. 
The 200 m buffer size was also selected in many walking-
route-level SRTS studies (Agrawal, Schlossberg, and Irvin 
2008; Bringolf-Isler et al. 2008; Schlossberg et al. 2006).

Walking Route Overlap

We counted how many walking routes each student among 
the 1.6 km sample (all students living ≤1.6 km from school) 
shared with other students, When R(A), A’s walking route to 
school fully contains R(B), B’s walking route, we defined 
that R(A) forward-overlaps with R(B) and R(B) backward-
overlaps with R(A) (Figure 2(a)). When, between R(B) and 
R(C), no one route fully contains the other, R(B) neither for-
ward-overlaps nor backward-overlaps with R(C), nor vice 
versa (Figure 2(b)). We operationalized the process through 
the following steps: (1) define R(i), the ith student’s walking 

route, as a set of street segments which makes up the route; 
(2) define R(i) forward-overlaps with R(j) if R(i) ⊃ R(j); and 
(3) R(i) backward-overlaps with R(j) if R(i) ⊂ R(j).

Finally, within the 1.6 km sample, we calculated the total 
number of overlaps as the sum of forward-overlaps and 
backward-overlaps for each student among all other stu-
dents, among the same school, and among the same grade in 
the same school, respectively.

School Catchment Area

The towns provided us with a list of street addresses served 
by each school as of March 2014. We delineated school 
catchment areas (school attendance boundaries) as multi-part 
polygons with residential parcels and street addresses in the 
list. For each of the catchment areas of the four schools, the 
built environment characteristics were measured, including 
street line, intersection, and residential unit densities using 
the 2013 street line data (NYS GIS Clearing House) and the 
2014 Erie County residential parcel data (Office of 
Geographic Information Services, Erie County, NY). The 
built environments within catchment areas were measured 
for school-level comparisons.

Figure 1. Study school maps.
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Parent Survey

We conducted a parent survey to collect students’ and par-
ents’ demographic information, household information, and 
children’s current school-commuting behaviors. In March 
2014, the research team sent an online survey invitation to all 
parents and caregivers registered in the school directory, via 
email from the transportation office or via paper letter with 
the school district’s support (if email was not available). A 
total of three follow-up email invitations and reminder letters 
were sent until May 2014. The parent survey, designed to 
take about 15–20 minutes, included questions adapted from 
the National SRTS Center’s parent survey (National Center 
for Safe Routes to School. n.d.-a). In addition to demo-
graphic information, the survey asked parents about their 
perceptions relevant to ATS decisions with a five-point 
Likert scale, with one indicating “strongly disagree” and five 
indicating “strongly agree,” or similar ordinal answer scales. 
Specifically, the survey questioned parents about their posi-
tive attitudes toward walking (pro-walking), about their per-
ception of traffic risks (high traffic), and about their 
perception of crime risks in the neighborhood (high crime), 
selected from prior studies on relevant SRTS studies 
(Dellinger and Staunton 2002; Mendoza et al. 2012; Stewart 
2011). The “pro-walking” measure was the average of 
response values to two attitude questions on walking or bik-
ing in the survey. The “high traffic” measure was from a 
neighborhood traffic perception and the “high crime” mea-
sure was from a neighborhood crime perception question. 
They were treated as numerical values in the following anal-
yses. The survey items are shown in Supplementary File 2, 
and the survey background information was published else-
where (Raja et al. 2016).

To determine the potential participants in a WSB pro-
gram, we asked parents/caregivers to “express agreement 
with” the statement “if a school friend were to join my child 

on his/her way to and from school, my child would be more 
likely to walk/bike to/from school.” Answers were selected 
from “strongly disagree,” “somewhat disagree,” “neutral,” 
“somewhat agree,” or “strongly agree.” We considered the 
survey answer “strongly agree” and “somewhat agree” as 
indicating likely participation in a WSB program (potential 
WSB participation) and “neutral,” “somewhat disagree,” or 
“strongly disagree” as indicating no participation. We joined 
the survey data with the walking route GIS data, based on the 
related email address in the directory data. Multiple children 
at the same home address or under the same parents were 
treated as separate study participants.

The survey sample was determined as those who were in 
the 1.6 km sample (living ≤1.6 km from school) and who 
also completed the survey. Survey participants completed a 
written consent form in participating in the study. The study 
was approved by the school district and the research team’s 
Institutional Review Board.

Analysis

First, using the 1.6 km sample, we analyzed characteristics of 
walking routes and calculated walking route overlaps for 
each student. We defined a WSB as feasible when a student’s 
route overlaps with five or more other students’ routes; there-
fore, a WSB group size is expected to be six or larger. The 
threshold was determined by the National Center for SRTS’s 
WSB passenger size recommendation (six children aged 7–9 
with one adult supervisor) (National Center for Safe Routes 
to School. n.d.-b). Second, we conducted WSB simulations. 
We assumed different levels of WSB participation (10–
100%) and randomly sampled WSB participants among 
those who were living ≤1.6 km from each school. We exam-
ined how these various participation levels changed walking 
route overlap counts and identified the minimum participa-
tion level to meet the WSB spatial feasibility threshold. 

Figure 2. Walking routes and overlaps. (a) A’s walking route R(A) forward-overlaps with B’s walking route R(B). R(B) backward-
overlaps with R(A). (b) B’s walking route R(B) does not forward-overlap nor backward-overlap with R(C). There are no overlaps 
between A and C. The total number of walking route overlaps among A, B, and C are 1, 1, and 0, respectively.
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Third, using the survey data, we compared how those who 
were likely to participate in a WSB program were different 
from those who were not, in terms of demographic character-
istics, parents’ attitudes toward walking (pro-walking), per-
ceptions of traffic (high traffic) and crime safety (high 
crime), and the walking route’s built environment character-
istics. For categorical variables, chi-squared and analysis of 
variance (ANOVA) tests were used for variables in continu-
ous or Likert scales. Statistical significance level was set to p 
= 0.05. All data processing and analyses were conducted 
using R 3.3.1 (R Core Team, Vienna, Austria).

Results

After excluding students living outside the district service 
areas, the enrollment sample consisted of 1382 K- to fifth-
grade students from four elementary schools in the study 
school district. The validated home addresses from the direc-
tory data were used to calculate the shortest walking routes 
to students’ own schools for all the enrollment sample par-
ticipants. Of the enrollment sample, 519 (37.6%) students 
had walking route lengths ≤1.6 km and were determined to 
enter the 1.6 km sample. Within the 1.6 km sample, a student 
had an average of 2.4 walking route overlaps with other stu-
dents in the same grade of the same school, and 14.8 walking 
route overlaps with other students in the same school. The 
four schools had significantly different mean numbers of 
walking route overlaps (p < 0.001). The mean number of 
walking route overlaps between a student and others in the 
same school varied between 10.6 and 21.2. The schools had 
comparable catchment area sizes (7.8–8.7 km2); however, 
there were differences in total street length, residential unit 
count, and housing-type composition (Table 1). At the school 
level, the mean number of walking routes overlaps was larger 

when the school catchment area had fewer residential units 
and shorter street lengths. Additional demographics and 
neighborhood characteristics in the study area are reported in 
detail elsewhere (Raja et al. 2016).

Of the 1.6 km sample, parents of 104 students completed 
the survey (response rate = 20.0%; based on the number of 
students), and they comprised the survey sample. There were 
no significant differences in the built environment between 
the 1.6 km and the survey samples’ walking routes. On aver-
age, the two samples’ walking routes had a length of 0.8 km, 
crossed 0.4 busy roads, were located along areas of 5.0–5.2 
du/ha.gross, had a route directness of 0.4, and had 33.6–34.3 
nearby intersections per square kilometer.

Table 2 describes the descriptive statistics and school-
commuting behaviors of the survey sample. Only 5 (4.8%) 
students walked or bicycled to school and 80 (76.9%) used 
school buses. A total of 41 (39.4%) parents answered that 
they were likely to participate in a WSB program. Table 3 
shows the average count of walking route overlaps when 
WSB participants were randomly sampled. A WSB was spa-
tially feasible when we assigned 20% of the sample as WSB 
participants (average 5.2 overlaps with others).

The results of the comparisons between those who were 
likely to participate in a WSB program and those who were 
not are shown in Table 4. Children’s grade, gender, and num-
ber of siblings, parents’ gender, race/ethnicity, education, 
and household income were not significant different between 
the two groups. Significant differences were found in par-
ents’ perceptions ( p< 0.05). Those who showed potential 
participation in a WSB had higher positive perception of 
walking and lower perception of neighborhood traffic and 
crime risks than those who did not. There were no significant 
differences in the built environment characteristics of walk-
ing routes between the two groups.

Table 1. School Catchment Areas and Students’ Walking Route Overlaps By School.

Schools

 Unit A B C D All p*

Students and walking route overlap
 No. students living ≤1.6 km  134 102 115 168 519  
 N o. overlaps among the same 

grade in the same school
Mean (SD) 2.0 (1.8) 3.5 (2.3) 1.6 (1.5) 2.6 (2.3)  2.4 (2.1) <.001

 N o. overlaps among the same 
school

Mean (SD) 12.7 (8.3) 21.2 (12.3) 10.6 (5.8) 15.4 (9.7) 14.8 (9.9) <.001

School-level built environments (catchment area)
 Enrollment n  365  327  372  318 1382  
 Total area km2 8.3 8.5 8.7 7.8 −  
 Total area of parks km2 0.9 0.2 0.1 0.1  
 Total street length km 88.0 59.5 98.3 72.1 −  
 Residential units unit 3935 2101 4013 2376 −  
 P ercentage of one- or  

two-family type of  
residential parcels

% 99.8 99.6 99.7 99.6  

Note: SD = standard deviation. * ANOVA tests comparing group means across schools.
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Discussion

Using real school enrollment and home address data, the cur-
rent study tested the spatial feasibility of WSB programs in a 
suburb where single-family houses were dominant (over 99% 
of all residential parcels). Despite the low residential densities 
in the area, we found a high number of walking route overlaps 
among students living ≤1.6 km from school. On average, a 
student’s walking route overlapped with 14.8 other students’ 
routes. To form WSB groups with a recommended size (six 
students), it is necessary to recruit at least 20% of the stu-
dents. In the survey data, about 40% of parents were likely to 
participate in a WSB program. If half or more of them actu-
ally join, it will make a sufficient WSB group size. Because 

there was no difference in the potential WSB participation 
across grade levels, we did not consider different conditions 
for WSB grouping by age. However, an additional adult 
supervisor may be needed for groups with younger children 
(National Center for Safe Routes to School. n.d.-b).

WSB can be an ATS solution in such neighborhoods 
where the ATS rate is low yet residents have positive atti-
tudes toward walking. In our data, only 4.8% of students liv-
ing ≤1.6 km from school participated in ATS. It is noteworthy 
that a majority of parents in the sample (78.8%; data not 
shown) had positive attitudes toward walking. However, par-
ents who perceived high neighborhood traffic and crime 
risks were not likely to participate in WSB programs. Safety 
concerns seem to outweigh ATS benefits for most parents 
(Carver, Timperio, and Crawford 2008; McDonald and 
Aalborg 2009). Educating parents regarding ATS benefits 
(e.g., SRTS classes and campaigns emphasizing physical 
activity benefits) may not be effective in changing their deci-
sions. Proactive approaches, such as WSB, that directly 
address parents’ safety concerns may be effective in chang-
ing ATS behavior decisions.

The current study developed a method to measure the spa-
tial feasibility of a WSB program. It estimates the potential 
WSB group size and walking route overlaps. The National 
Center for Safe Routes provides an online guide for WSB 
program development (National Center for Safe Routes to 
School. n.d.-c). It introduces useful case studies and resources 
(e.g., parent consent forms); however, it does not show sys-
tematic methods to measure program possibilities and 
impacts. The walking route overlap assessment method 
would be useful for a school community to explore WSB 
possibilities simply by using its school directory data.

Table 2. The Survey Sample and Results.

Count (%)

Child information
Gender Female 46 (44.2)

 Male 58 (55.8)
Grade K 17 (16.3)

 1 14 (13.5)
 2 24 (23.1)
 3 19 (18.3)
 4 15 (14.4)
 5 15 (14.4)

Number of siblings 0 67 (64.4)
 1 33 (31.7)
 2 4 (3.8)

Race/ethnicity Non-Hispanic white 82 (78.8)
 Other 22 (21.2)
Child’s current commuting mode

Mode to school Walk 3 (2.9)
 Bike 2 (1.9)
 School bus 80 (76.9)
 Family vehicle 19 (18.3)
Parent and household information

Gender Female 88 (84.6)
 Male 12 (11.5)
 NA 4 (3.8)

Education Some college or below 40 (38.5)
 College graduate or more 60 (57.7)
 NA 4 (3.8)

Household income <US$50K 10 (9.6)
 US$50K to <100K 42 (40.4)
 ≥US$100K 32 (30.8)
 NA 20 (19.2)
Parent’s WSB interest
 Potential participation 41 (39.4)
 No participation 63 (60.6)
Parent perception Mean SD

Pro-walking [1 = strongly disagree, 3.9 0.7
High traffic …, 5 = strongly agree] 2.3 1.2
High crime 1.7 0.9

Note: SD = standard deviation; WSB = walking school bus.

Table 3. Average Number of Walking Route Overlaps, Under 
Different Levels of Hypothetical WSB Participation (Random 
Sampling).

WSB participation (%)
Average number of walking route 

overlaps*

10 2.5
15 3.7
20 5.2
25 6.0
30 7.5
35 9.1
40 9.9
45 10.5
50 11.7
60 12.4
70 13.3
80 14.3
90 14.7
100 14.8

Note: WSB = walking school bus. * Overlaps with other students’ routes 
in the same school.
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This study has several limitations. First, the survey 
response rate was 20%, which is lower than the rates in other 
SRTS studies (Kerr et al. 2006; McDonald and Aalborg 
2009). It is possible that our sample was not representative 
and missing data may affect findings of the potential WSB 
participation. It is possible that parents’ survey participation 
may be related to their willingness to participate in school 
activities, including WSBs. In the current study, we assumed 
they were missing at random. Second, the study did not 
account for volunteer WSB drivers (adult escorts). It may or 
may not be difficult to recruit volunteers and administrate 
WSB programs. Some studies have reported challenges in 
sustainable recruitment of lead parent volunteers (Collins 
and Kearns 2010; Kingham and Ussher 2005; Kong et al. 
2009). Other pilot studies did not substantially discuss such 

difficulties (Pont et al. 2009). The research team once 
approached one school’s Parent Teacher Organization (PTO) 
and asked it to support WSB administration and organiza-
tion, yet the PTO did not take further actions to start a WSB. 
As a part of the related SRTS project in the study schools, the 
research team joined the study schools’ PTO meetings, Walk 
to School Day activities, and Bike Rodeo events, and had 
informal conversations with parents. While they might be 
anecdotal responses, some parents showed strong interest in 
potential WSB programs and would participate as volunteer 
drivers or support the recruitment. There is a further need for 
systematic surveys to assess parents’ or community mem-
bers’ WSB participation as volunteer drivers. A study sug-
gested that small yet symbolically important incentives may 
help to recruit volunteers (Collins and Kearns 2010).

Table 4. Comparisons Between Those Who Were Likely to Participate in WSB and Those Who Were Not.

Potential participation 
(n = 41)

No participation 
(n = 63)  

 Count (%) Count (%) p*

Child information
Grade K 7 (17.1) 10 (15.9) 0.455

 1 7 (17.1) 7 (11.1)  
 2 8 (19.5) 16 (25.4)  
 3 8 (19.5) 11 (17.5)  
 4 3 (7.3) 12 (19.0)  
 5 8 (19.5) 7 (11.1)  

Child’s gender Female 16 (39.0) 30 (47.6) 0.509
 Male 25 (61.0) 33 (52.4)  

Number of siblings 0 28 (68.3) 39 (61.9) 0.649
 1+ 13 (31.7) 24 (38.1)  
Parent information

Parent’s gender Female 33 (84.6) 55 (90.2) 0.605
 Male 6 (15.4) 6 (9.8)  

Race/ethnicity Non-Hispanic White 33 (80.5) 49 (77.8) 0.932
 Other 8 (19.5) 14 (22.2)  

Education Some college or below 14 (35.9) 26 (42.6) 0.645
 College graduate + 25 (64.1) 35 (57.4)  

 Mean (SD) Mean (SD) P**

Household income
<US$50K 5 (15.2) 5 (9.8) 0.694
US$50K to <100K 13 (39.4) 19 (37.3)  
≥US$100K 15 (45.5) 27 (52.9)  

Parent perception
Pro-walking [1 = strongly disagree, 4.18 (0.65) 3.72 (0.73) 0.001
High traffic …, 5 = strongly agree] 1.80 (1.10) 2.70 (1.21) <0.001
High crime 1.39 (0.83) 1.83 (0.83) 0.011

Walking route characteristics
Distance to school km 0.76 (0.34) 0.83 (0.33) 0.258
Dwelling unit density du/ha 5.24 (2.51) 5.23 (2.52) 0.985
Route directness [1, + ∞) 1.42 (0.45) 1.47 (0.47) 0.607
Number of busy road crossings count 0.32 (1.17) 0.48 (1.49) 0.565
Intersection density count/km 32.67 (7.28) 34.20 (6.41) 0.262

Note: SD = standard deviation. * Chi-squared test result. ** ANOVA test result (bold for significance p < 0.05).
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Another limitation is the validity of the survey question. 
The potential participants in a WSB program was determined 
by the agreement with a hypothetical question that assumes a 
school friend joining their child’s way to and from school. It 
is possible that parents may have been less likely to agree 
with the question if there are no school friends in a given 
WSB group. In actual WSB operations, some groups may 
need to be formed by walking route availability, not by 
friendship. However, a WSB program may be used for 
friendship development. For example, in a New Zealand 
WSB practice, almost half of the parents reported that chil-
dren developed new friendships with children of all ages 
from different classes through WSB participation (Kingham 
and Ussher 2007). Because parents were asked about theo-
retical WSBs, we used hypothetical questions.

Findings of the study may be applicable to neighborhoods 
similar to the study area. As shown in Figure 1, the built 
environment forms in the study area are similar to the warped 
parallel street pattern, a typical suburban development pat-
tern in neighborhoods from the 1960s (Southworth 1997). 
The study neighborhoods have schools at their centers and 
have no major arterials and traffic routes going through. 
There are not many curvilinear streets and culs-de-sac in the 
study areas. Considering that the study schools were estab-
lished between 1961 and 1971, the current results can be 
generalized to suburban neighborhoods built and grown in 
the 1960s and 1970s. The range of residential density  
around the sample’s walking routes (5.0–5.2 du/ha.gross) is 
nearly the same as New Urbanist’s low-density suburban 
density (5 du/ha.gross) (Duany, Sorien, and Wright 2009) but 
lower than suburbs within large metropolitan areas (7–10 du/
ha.gross) (Gordon and Vipond 2005; Moudon et al. 1997). 
However, gross densities could vary depending on calcula-
tion methods, and caution in interpretation is needed. In the 
USA, 29% of public K- to eighth-grade schools are in the 
census-defined suburb locale (26% in cities, 13% in towns, 
and 32% in rural areas) (National Center for Safe Routes to 
School 2015b). Potential WSB programs show great promise 
in those suburban areas.

Future studies are needed to integrate WSB programs 
within school transportation plans. The survey data showed 
school-bus usage was high (80%) even among students liv-
ing ≤1.6 km from school. Classroom tally data of students’ 
modes of travel to school, separately conducted in the stud-
ied schools, also show low ATS (≤8%) and high school-bus 
usage (68–85%) (Raja et al. 2016). Because the school dis-
trict had no minimum bussing distance policy (100% bus-
sing), many parents may prefer school bus to ATS regardless 
of their positive attitudes toward walking. A qualitative study 
concluded that children’s commuting modes are influenced 
by parents’ perceptions of travel convenience (Faulkner et al. 
2010). If the district provides viable, convenient, and safe 
ATS alternatives to school buses and restricts bussing for stu-
dents living near school, many parents may choose such ATS 
alternatives. For example, in the Auckland region of New 

Zealand, primary schools incorporated WSB programs as 
well as other ATS promotions within school travel plans and 
the Auckland Regional Transport Authority provided finan-
cial support for schools to organize WSB routes (Collins and 
Kearns 2010). A 40% increase in ATS was observed after the 
student travel plan implementation (Hinckson 2016).

WSB incentive programs may be needed. For example, in 
New Zealand, WSB route development was supported by the 
Auckland Regional Transport Authority with start-up funds 
up to NZD1500 per route in 2010 (around US$1125 in 2010) 
(Collins and Kearns 2010). The district budgeted over 
US$4.4 million for transportation to serve about 4000 stu-
dents in 2017–2018 (Sweet Home Central School District 
2017). Because more than one-third of elementary students 
were living ≤1.6 km from school, reducing short-distance 
bussing could reduce transportation costs. A simulation study 
estimated that US$206,000–459,000 per school could be 
saved over 10 years if school-bus usage rate were reduced 
from 100% to 50% for students living ≤`1.6 km from school 
(264–604 enrollments) (McDonald et al. 2016). If WSB pro-
grams reduce transportation expenses, incentives for WSB 
can be easily justified. Studies are needed to develop WSB 
incentives and integrate them within school transportation 
plans.
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