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stimating the Proportion of Children Who Can
alk to School

atthew D. Falb, MHS, Dafna Kanny, PhD, Kenneth E. Powell, MD, Anthony J. Giarrusso, MCP

ackground: Walking to school can be an important contributor to the daily physical activity of children.
However, little is known about the percentage of children who could reasonably be
expected to walk to school. The purpose of this study was to estimate the percentage of
children in Georgia who live within a safe and reasonable walking distance from school and
to identify demographic, school, and neighborhood connectivity characteristics associated
with the potential to walk to school.

ethods: Geographic information systems techniques were used to estimate the number of school-
age children living 1 mile and 0.5 mile from public schools in Georgia. Potential walkers
were estimated by dividing the number of children living in the specified distances from
school in the 2000 U.S. Census by the number of children enrolled at the school in the
1999–2000 school year. Safety parameters were based on posted speed limits.

esults: The percentage of potential walkers ranged from 1% to 51% depending on grade group
and parameters of distance and safety. Using preferred parameters of distance and safety
we estimated that 6% of elementary school students (K–5), 11% of middle school students
(6 to 8), and 6% of high school students could walk to school. High population density,
small enrollment size, and high street connectivity were associated with higher percentages
of potential walkers.

onclusions: While few children could reasonably be expected to walk, this does not reduce the value of
walking to school. Increasing the percentage of students who walk will require both
educational efforts and changes to the built environment.
(Am J Prev Med 2007;33(4):269–275) © 2007 American Journal of Preventive Medicine
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esigning and constructing neighborhoods where
residents can easily engage in active transporta-
tion has a broad range of benefits for the entire

opulation. The potential benefits of children walking
o school have received special attention. Most,1–5 but
ot all,6 studies comparing children who walk to school
ith children who are driven report that the walkers are
ore fit or physically active. Other research suggests

hat children walking rather than being driven to
chool reduces traffic and air pollution,7 and encour-
ges social interaction and communication.8–10 The
nstitute of Medicine’s report on childhood obesity
ecommends that communities provide safe pedestrian

rom the Chronic Disease, Injury, and Environmental Epidemiology
ection, Epidemiology Branch, Division of Public Health, Georgia
epartment of Human Resources (Falb, Kanny, Powell), and Center

or Geographic Information Systems, College of Architecture, Geor-
ia Institute of Technology (Giarrusso), Atlanta, Georgia
Address correspondence and reprint requests to: Dafna Kanny,

hD, 2 Peachtree St. NW, Suite 14-493, Atlanta GA 30303. E-mail:
kanny@dhr.state.ga.us.
The full text of this article is available via AJPM Online at
a
ww.ajpm-online.net; 1 unit of Category-1 CME credit is also avail-
ble, with details on the website.

m J Prev Med 2007;33(4)
2007 American Journal of Preventive Medicine • Published by
outes to school and encourage children and youth to
se them.11 Healthy People 2010 recommends that more
hildren and youth walk to school more frequently and
ets an objective of 50% of trips for children living
ithin a mile of school.12

Despite these benefits and recommendations, rela-
ively few children and youth in the United States walk
o school. National estimates generally range around
4% to 19%,13–16 state and local estimates from 4% to
0%.17–20 These current percentages stand in contrast
ith 35 years ago when an estimated 42% of all children
alked or bicycled to school.21 Both parental concerns
nd neighborhood walkability influence the propor-
ion of children who walk to school.22 The most com-

only reported reason why children in the U.S. do not
alk to school is the distance to school, reported by
2% of parents, followed by traffic-related danger
30%), weather (19%), crime (12%), school policy
6%), and other (15%).14

National programs such as the U.S. Department of
ransportation’s Safe Routes to School Program and

he Center for Disease Control and Prevention’s Nutri-
ion and Physical Activity Program to Prevent Obesity

nd Other Chronic Diseases are devoted in full or in

2690749-3797/07/$–see front matter
Elsevier Inc. doi:10.1016/j.amepre.2007.05.005
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art to increasing the percentage of children who walk
o school. Early evidence suggests that walking promo-
ion programs and environmental modifications can
ncrease the proportion of children who walk to
chool.20,23 Presently, in Georgia, as in other states, the
eorgia Department of Transportation, Georgia De-
artment of Human Resources, and other state and

ocal organizations are taking steps to encourage and
acilitate walking and biking to school.

Unknown, however, is the percentage of children
ho live within a safe and reasonable walking distance

rom school. That percentage needs to be known in
rder to develop and implement the most sensible
rograms and evaluations, to set appropriate objectives,
nd to place estimates of the percentage of children
ho walk to school into proper context. The following

tudy was performed to provide such an estimate.

ethods

verview

he purpose of the study was to estimate the proportion of
eorgia children in early elementary school (grades K–2),

ate elementary school (grades 3 to 5), middle school (grades
to 8), and high school (grade 9 only) who lived within a

easonable and safe walking distance from their neighbor-
ood public school. Grade-specific enrollment of public
chools in the 1999–2000 school year provided by the Georgia
epartment of Education was used to estimate the denomi-
ator. The numerator was estimated by using demographic

nformation collected in the 2000 U.S. Census. Information
bout the type and location of schools came from the Georgia
epartment of Education.

chool Location

he Georgia Department of Education provided addresses
nd contact information for all 1887 public schools. Using
rcGIS, version 9 (Earth Systems Research Institute, Red-

ands CA, 2006) and the Georgia TIGER/Line® 2004 file,
170 (62%) schools were address matched. The location of
he remaining 717 (38%) schools was verified by telephone
alls to schools, Internet-based mapping sites, and aerial
hoto interpretation. During the manual verification of the
ositional accuracy of all 1887 schools, 257 (22%) of the 1170
riginally matched schools were relocated because the origi-
al mapping was found to be �500 feet from the actual
chool location. After verification, the location of each school
as set at the point of the school’s main entrance, usually
here school buses enter and exit the premises.

nclusion Criteria for Schools

he focus of the project was on schools that were primarily
eighborhood schools. Therefore, 128 schools whose names
uggested that the school was not a neighborhood school
uch as special education, night, magnet, and vocational were
xcluded. An additional 13 schools with less than seven
tudents per grade in the pertinent grades and six schools
ith unusual grade groupings, such as kindergarten only and

rades 2 and 3 only, were excluded as well. The final analysis t

70 American Journal of Preventive Medicine, Volume 33, Num
ncluded 1060 schools with early elementary grades (K–2),
052 schools with late elementary grades (3 to 5), 413 middle
chools, and 284 high schools. Most elementary schools were
ncluded in assessments for both early elementary grades and
ate elementary grades because they included at least two
rades in each grouping.

alkable Areas or Pedestrian Catchment Areas

ight pedestrian catchment areas were drawn for each school
sing standard geographic information system (GIS) tech-
iques. Two pedestrian catchment areas (PCAs) were circles
ith a 1-mile and a 0.5-mile radius from the school’s main
ntrance (radial PCAs). Two PCAs were irregular polygons
epresenting the land areas from which students could reach
chool traveling along the existing street network for no more
han 1-mile or 0.5-half mile (street network PCAs). Two PCAs
ere irregular polygons representing the land areas from
hich students could reach school using only streets with

peed limits �35 mph and traveling no more than 1 mile or
.5 mile (35-mph PCAs). The final two PCAs were irregular
olygons including only streets with speed limits �25 mph
nd students traveling no more than 1 mile or 0.5 mile
25-mph PCAs). Posted speed limits were used as a proxy for
afety because of the correlation between lower posted speed
imits and reduced pedestrian fatality and injury rates.24

otential Walkers

he estimated number of potential walkers for each school,
rade group, and PCA were developed using single-age
opulation estimates from 2000 census-block data. Popula-
ion estimates for block groups not fully contained within the
CA were calculated using area-weighted proportionate anal-
sis. The fraction of the census block within the PCA was
alculated and the population, assumed to be evenly distrib-
ted throughout the census block, was multiplied by that
raction. The population estimates from these partially con-
ained census blocks were added to the population of the fully
ontained census blocks to obtain the population counts
ithin each PCA.
Students in a specific grade are not all the same calendar

ge. To estimate the total number of children in a given PCA
ho would be in early elementary grades, the estimated
umber of children aged 5 to 7 was summed together.
imilarly, to estimate the number of children in late elemen-
ary grades and middle school, the number of children aged
to 10 and 11 to 13 was summed together, respectively. The
ercentage of high school students who could walk to and
rom school was estimated using enrollment data for 9th
rade only because only about 60% of Georgia ninth-grade
tudents graduate from high school.25 The number of poten-
ial walkers in the ninth grade was estimated by summing the
umber of children aged 13 to 15 years in the PCA and
ividing by 3.

rade Enrollment

chool- and grade-specific enrollment data for the 1999–2000
chool year were provided by the Georgia Department of
ducation. If a school included only two of the three perti-
ent grades (e.g., only grades 6 and 7), the number of
otential walkers was adjusted accordingly (i.e., multiplied by

wo thirds).

ber 4 www.ajpm-online.net
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alculations

or a given PCA and grade group, the estimated fraction of
hildren who could walk to school was the number of
hildren in a given age group (e.g., ages 5 to 7) living within
he PCA divided by the number of children enrolled in the
orresponding grades for that school (e.g., grades K through
). For some PCA and school-grade groups, the number of
otential walkers exceeded the number of enrollees. Most of
hese schools were elementary schools in such close proximity
o another elementary school that they shared portions of
heir PCAs. When this occurred, the number of potential
alkers was set to equal the enrollment for the corresponding
rade group, making the estimated percentage of potential
alkers 100% for that grade group at that school.
Potential walker estimates were made at the student and

chool levels. For students the overall percentage of potential
alkers for each type of PCA was calculated by summing the
otential walkers of a given age group and dividing by the
um of enrollees in the corresponding grade group for all
chools in the analysis. In the school-level analysis, schools
ere categorized into those with �30% estimated potential
alkers and those with �30%.

egression Analysis

o identify characteristics of schools with high percentages of
otential walkers, a multivariate linear regression analysis was
erformed for each grade group. Independent variables in the
nalysis included school enrollment, demographic information,
nd measures of neighborhood connectivity. For school enroll-
ent, enrollment for the grade group was used. Population

ensity (total population per square mile), median household
ncome, percentage of non-white residents (total population),
ercentage of housing built before 1950, and urbanization
lassification for each school developed by the National Center
or Education Statistics (urban, suburban, town, and rural)26

ere used for demographic variables. For each PCA, the area-
eighting proportionate analysis technique was used for all
ariables except median household income and urbanization
lassification. The median household income was calculated by
veraging the median household income of all block groups
ithin or partially within the PCA. Street density (street length/
CA area in square miles), intersection density (three- to five-
ay intersections/street length in miles), ratio of three- to
ve-way intersections to three- to five-way intersections plus
ul-de-sacs, and ratio of street network PCA area to radial PCA
rea were used for connectivity variables. The ratio of street
etwork PCA area to radial PCA area represents the land area

rom which students could reach school traveling 1 mile along
he existing street network divided by the area with a 1-mile
adius (Figure 1). Neighborhoods with a high ratio of street
etwork to radial PCA area tend to have more gridded street
atterns and fewer cul-de-sacs.
To better meet the assumptions of linear regression, all

ariables were log transformed except for metropolitan statis-
ical area (MSA) classification, intersection density, and ratio
f three- to five-way intersections to three- to five-way inter-
ections plus cul-de-sacs. Independent variables were first
ested in bivariate analysis to determine if they were associ-
ted with the dependent variable. Variables significantly
ssociated with the dependent variable (p�0.05) were en-

ered into the multivariate linear regression model. Backward e

ctober 2007
tepwise regression was used to identify variables significantly
ssociated with the dependent variable. Exploratory data
nalysis and regression modeling were performed using SAS,
ersion 9.1 (SAS Institute Inc., Cary NC, 2006).

ssumed Preferences

or this article, the assumed PCA preferences for students in
rades K-5 require them to walk no farther than 0.5 mile
long streets with speed limits �25 mph. For students in
rades 6 to 9, the preferred PCA requires them to walk no
arther than 1 mile along streets with speed limits �35 mph.

esults
tudent Estimates

he estimated percentage of students in Georgia who,
n 2000, could walk to school varied substantially by
rade and type of pedestrian catchment area (PCA)
anging from 51% for early and late elementary school
tudents using a PCA with a 1-mile radius and no other
estrictions to 1% for high school students using a PCA
ith a 0.5-mile distance along streets with speed limits
25 mph (Table 1). Using the preferred PCA defini-

ions of 0.5 mile along streets with speed limits �25
ph for elementary school students and 1 mile along

treets with speed limits �35 mph for middle and high
chool students, the estimated percentage of students
ho could walk to school were 6% for early and late
lementary school students, 11% for middle school
tudents, and 6% for high school students.

chool Estimates

he estimated proportion of schools to which �30% of

igure 1. 1-mile radial and 1-mile street network pedestrian
atchment areas for an elementary school in Georgia.
nrolled students could walk also varied substantially by

Am J Prev Med 2007;33(4) 271
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rade and type of PCA, ranging from 63% for early and
ate elementary school students using a PCA with a
-mile radius and no other restrictions to 0% for high
chool students using all half-mile PCAs (Table 2).
sing the preferred PCA definitions for safety and
istance, �30% of enrolled students could walk to
chool at only 5% of schools with early elementary
rades, 6% of schools with late elementary grades, 13%
f middle schools, and 2% of high schools.

egression Analysis

chools with a higher proportion of walkers were
haracterized by high population density, low school
nrollment, and high ratio of street network PCA to

able 1. Percent of children in public schools who are poten
eorgia, 2000

efinition of potential walker
Grad
(n�3

1 mile
Radius from school 51
Via street network 30
Via street network using only streets with speed

limit �35 mph
29

Via street network using only streets with speed
limit �25 mph

19

1
2

mile
Radius from school 19
Via street network 9
Via street network using only streets with speed

limit �35 mph
8

Via street network using only streets with speed
limit �25 mph

6b

Analysis restricted to 9th-grade students due to the large number o
Preferred safety and distance parameters for grade group.

able 2. Percent of public schools where �30% of students
alker, Georgia, 2000

efinition of potential walker
Early e
(n�106

1 mile
Radius from school 63
Via street network 43
Via street network using only streets with speed

limit �35 mph
41

Via street network using only streets with speed
limit �25 mph

27

1
2

mile
Radius from school 25
Via street network 8
Via street network using only streets with speed

limit �35 mph
8

Via street network using only streets with speed
limit �25 mph

5b
Number of schools in the analysis.
Preferred safety and distance parameters for grade group.

72 American Journal of Preventive Medicine, Volume 33, Num
adial PCA area (Table 3). All ten demographic,
chool, and connectivity measures were associated
ith higher proportion of potential walkers for one
r more grade groupings. However, the contribution
f population density, school enrollment, and ratio
f street network to radial PCA area as measured by
artial R2 values was �10-fold larger than the contri-
ution of the other variables to the elementary and
iddle school models. For high schools, school

nrollment was not associated with higher propor-
ion of potential walkers, and the contribution of
opulation density and ratio of street network to
adial PCA were three-fold or greater than the con-
ribution of other variables in the model.

alkers by grade and definition of potential walker,

Grade

–2
21)

Grades 3–5
(n�330,791)

Grades 6–8
(n�304,870)

Grade 9a

(n�108,390)

51 23 13
31 12 7
29 11b 6b

19 7 4

19 7 4
9 3 2
9 3 2

6b 2 1

outs from grades 10 through 12.

otential walkers by school level and definition of potential

School level

ntary Late elementary
(n�1052)a

Middle school
(n�413)a

High school
(n�284)a

63 29 10
43 14 2
41 13b 2b

28 7 �1

26 5 0
10 2 0
9 2 0

6b 1 0
tial w

es K
29,9
are p

leme
0)a
ber 4 www.ajpm-online.net
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iscussion

he proportion of children who appear to live within a
easonable and safe walking distance from school in
eorgia is small. For all but the 1-mile radius for early

nd late elementary school students, the proportion of
otential walkers is well below 50%. The regression
nalysis suggests that characteristics of the population
higher population density within the PCA), school
lower school enrollment), and neighborhood connec-
ivity (higher ratio of street network to radial PCA area)
ll contribute importantly to having larger percentages
f children who can walk to school. Higher population
ensity increases the likelihood that more children will

ive within walking distance of the school. This effect was
bserved after adjusting for urbanization. Lower school
nrollment increases the likelihood that a higher propor-
ion of students can live within walking distance of the
chool; larger schools tend to draw from larger geo-
raphic areas. The higher ratio of street network to
adial PCA indicates a larger land area from which
tudents can reach school using local streets without
xceeding a specific walking distance (e.g., 1 mile).
eighborhoods with high connectivity are more likely

o have gridded street layouts, high street densities,
igh intersection densities, and relatively fewer cul-de-
acs. These measures of connectivity are automobile
riented. Measures of connectivity that are pedestrian
riented, such as sidewalk or pedestrian pathway den-

able 3. Characteristics of neighborhoods associated with hi
etwork pedestrian catchment area by grade group, Georgia

haracteristic

Grades K–2

Beta Partial R2

ARIABLES MAKING LARGER CONTRIBUTIONS TO MO
Population density 1.005 0.166
School enrollment �0.887 0.094
Ratio of street network to radial PCA

area
0.972 0.044

ARIABLES MAKING SMALLER CONTRIBUTIONS TO M
Percentage of non-whites 0.056 0.002
Percentage of housing built before

1950
�0.035 �0.001

Street density �0.152 �0.001
Median household income �0.119 �0.001
Ratio of intersections to intersections

plus cul-de-sacs
�0.176 �0.001

Intersection density —
Urbanization

Rural schools reference
Town schools —
Suburban schools —
Urban schools �0.028 �0.001

djusted R2 0.933

ote: Characteristics are significantly associated (p�0.05) with percen
Analysis restricted to 9th-grade students due to large number of dro
Contribution of variables was three-fold or greater than the contrib
ity, are not currently available. r

ctober 2007
ssumptions

everal of the analytic decisions made are likely to have
nfluenced the accuracy of the estimates. First, al-
hough great care was taken to ensure that schools were
orrectly located on the map, only one entry into the
chool grounds was mapped for each school. Many
chools have more than a single entry point, and this
ecision likely lowered the estimated proportion of
tudents who could walk. The second assumption was
hat children must use local streets to get to school.
edestrian-only pathways may enable some students
ho live outside of the calculated PCAs to walk to

chool without exceeding the 1-mile or 0.5-mile limit.
he third assumption was that the student population
as evenly distributed throughout the census blocks

hat were only partly included in the walkable network.
his may cause an over-estimation of potential walkers

or some schools and an under-estimate for others; this
ssue was assumed to have little effect on the overall
tatewide estimates. Fourth, posted speed limits were
he only limiting hazard for streets along which stu-
ents would be required to walk. Other types of
azards may be present, such as absent sidewalks or
rossing high-volume streets, that may even make
treets with acceptable speed limits hazardous and
ake the estimates too high. Fifth, schools that

ppeared not to be neighborhood schools were ex-
luded from the analysis. Few students can walk a

percentages of potential walkers within 1-mile street

Grades 3–5 Grades 6–8 Grade 9a

ta Partial R2 Beta Partial R2 Beta Partial R2

b

.981 0.129 0.909 0.468 0.652 0.099

.775 0.066 �0.856 0.189 —

.890 0.034 1.083 0.066 1.272 0.067

L
.056 0.002 0.072 0.003 0.115 0.007
.073 0.003 �0.051 0.002 —

.179 0.001 — —

.088 �0.001 — —
— —

— 0.076 0.020

erence reference reference
— �0.099 0.004

.025 �0.001 — �0.183 0.011

.031 �0.001 — �0.236 0.011
0.941 0.940 0.795

of potential walkers if values for beta and partial R2 are provided.
from grades 10 to 12.

of other variables as measured by partial R2 values.
gher
, 2000

Be

DEL
0

�0
0

ODE
0

�0

�0
�0
—

—

ref
—
�0
�0

tage
easonable distance to these schools because their

Am J Prev Med 2007;33(4) 273
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atchment areas extend beyond the immediate
eighborhood. This would cause the statewide esti-
ates to be too high. Sixth, students who attend

rivate, parochial, or home schools—approximately
% of school-aged children in Georgia27—and who
ive within the PCA of a public school would be counted
s potential walkers. This, too, would cause the esti-
ates to be too high. Seventh, students who attend a
agnet or special focus public school or who choose to

ttend a public school in another neighborhood for
ace-ethnicity or school quality reasons would be
ounted as potential walkers, also causing the estimates
o be too high. Eighth, for some schools (most often
rban or suburban elementary schools) the estimate of
otential walkers exceeded the number of enrolled
tudents. Most instances of this impossible result oc-
urred because of overlapping PCAs. For all such
chools the number of potential walkers was reduced to
he level of enrollees, thereby setting the percentage of
otential walkers for that school and grade group at
00%. Few schools would be expected to have 100%
otential walkers; this maneuver would have led to an
ver-estimate of the percentage of potential walkers.
he ninth assumption was all students are physically
apable of walking to school. This, too, probably caused

small over-estimate in the proportion of potential
alkers. Of these potential biases, only the first two
ould cause the estimated percentages of potential
alkers to be too low; the next one is expected to have
egligible impact on the estimates; the remaining six
ould cause the estimated percentages to be too high.
inally, arbitrary preferences were set for distances and
afety conditions for the preferred networks. Other
ptions are available and these estimates have been
rovided.

eneralizability

he methods used in this study should be widely
pplicable. However, the variability in demographic,
ducational, and housing characteristics suggest that
he percentages of potential walkers may vary among
eographic areas. Georgia’s population growth since
950, a time during which automobile-oriented subur-
an development has been popular, has been relatively
apid.28 States that are more densely populated or have
rown less rapidly over the past half-century may have
arger percentages of potential walkers.

onclusion

he surprisingly small percentages of children in Geor-
ia who appear to live within a safe and reasonable
alking distance from school do not reduce the value
f walking to school for those students who can do so
nd for the neighborhoods in which they live. The

ndings do, however, suggest a framework for enabling

74 American Journal of Preventive Medicine, Volume 33, Num
ore children and youth to walk to school. First, at
chools where a large proportion of students live within

safe and reasonable distance from school, advocacy
fforts for improved safety measures such as adult
uards at high-volume crossings and quality sidewalks
hould continue. Second, enabling substantially more
hildren to live within a safe and reasonable walking
istance from school will require policy and environ-
ental changes. Smaller schools located in population-

ense areas should be encouraged. Such schools would
ot only enable students to walk to school, but would
educe air pollution and improve neighborhood social
apital as well. Third, improved surveys and surveil-
ance systems to measure and monitor the number of
hildren who can and who do walk to school need to be
eveloped and implemented. Finally, more informa-
ion about the benefits and risks of walking to school
nd the effectiveness of different types of interventions
s needed.

unding for the study was provided by the Georgia Nutrition
nd Physical Activity Initiative, which is funded through a
ooperative Agreement between the Centers for Disease
ontrol and Prevention, Division of Nutrition and Physical
ctivity and the Georgia Department of Human Resources,
ivision of Public Health.
No financial disclosures were reported by the authors of

his paper.
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