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Objectives: The goal of this study is to explore the relationship between pedestrian injuries and socioeconomic characteristics.

Methods: Pedestrian collisions were identified in the data of the California Statewide Integrated Traffic Records System
(SWITRS), which is assembled from police crash reports by the California Highway Patrol Information Services Unit, Four
thousand crashes were identified and geocoded within the census tracts in g county population of 2,846,289 sver a 5-year
period. Population and population chavacteristics for census tracts were obtained from the 2000 U.S. Census.

Results: The percentage of the population lving in households with low income (less than 185% of the federal poverty
fevel) was the sirongest predictor of pedestrian injuries. One fourth of census tracts had less than 8.7 percent of residents
with Iow income and averaged 11 per 100,000 pedestrian crashes annually. One fourth of the census tracts had more than
32.2 percent of residents with low income and an average of 44 pedestrian crashes per 100,000 annually. Negative binomial
regression showed that with each I percent increase in the percentage of residents with low income was associated with a
2.8 percent increase in pedestrian crashes. The perceniage of residenis age 14 years or less, adult residents who had not
completed high school, residents whe spoke English less than “very well” and spoke another language at home, and the
population density were each associated with a higher frequency of pedestrian crashes. However, when low income was

added to these 4 regression models, the relationship between low income and pedestrian crashes increased.
Conclusions: Our study showed that pedestrian crashes are 4 times more frequent in poor neighborhoods and that neither
age of the population, education, English language fluency, nor population density explained the effect of poverty.

Keywords Pedestrian; Injurics; Socioeconomic status; Census (ract; Geographic information systems

INTRODUCTION

Motor vehicle collisions continue to impose & large personal
and financial burden on society and on the delivery of health
services in the United States. In 2000 the cost of motor vehicle
collisions in the United States was estimated at 230.6 billion dol-
tars (Blincoe et al. 2002). Pedestrians struck by motor vehicles
typically fare poorly, and such crashes frequently result in long-
term disabilities or death {Peng and Bongard 1999; Shankar
2003). Despite advances in automobile safety technology and
equipment, improved roads and crosswatks, and driver training
and public awareness, over 4000 pedestrians die every year due
to motor vehicle collisions, and about 70,000 struck pedestrians
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sustain injuries (National Highway Traffic Safety Administra-
tion 2009},

A number of complex etiological factors contribute to the in-
cidence of pedestrian collisions, including motor vehicle speed,
average daily traffic flow, alcohol involvement, and environmen-
tal issues, as well as socioeconemic status (SES; Stokels 1992;
“Alcohol Involvement in Pedestrian Fatalities—United States,
1982-1992" 1993; Stokols et al, 1996; Hilton 2006). Moreover,
pedestrian deaths or disability create a greater financial burden
on those living in an already economiceally strained situation
{Peden 2004). Although there may be several proxies to SES,
such as family income or education level, the fact remains that
pedestrian injuries have a greater negative impact on those of
lower SES. Previous studies have shown that disparities in the
frequency of child pedestrian injuries exist among populations
of various SES with regard (o the incidence and outcomes of
pedestrian collisions (Bagley 1992; Rivara and Barber 1983;
Agran et al. 1998; Laflamme and Diderichsen 2000; LaScala
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et al. 2004). Two studies using data from San Francisco found a
relationship between SES and injuries to pedestrians of all ages
{Lascala et al, 2000; Wier et al. 2009).

Individuals from these backgrounds are affected a greater
percentage of limes, have fewer social supports in place, and
may use emergency services less frequently (Mock et al, 1997,
Laflamme and Diderichsen 2000; Braver 2003; Nantulya and
Reich 2003). Pedestrian injuries are also more prevalent in ar-
eas with high measures of social disadvantage, such as crime and
domestic unrest {Bagley 1992), The effects of low income and
houschold crowding have also been shown to be independent
risk factors for pedestrian injuries (Rivara and Barber 1985).
Still other studies have linked poverty and the fack of English-
tanguage fluency as a risk factor for pedestrian injuries (Agran
et al. 1998). Race and ethnicity also play a large role in pedes-
trian injuries and fatalities. Recent national data show that all
minorities of all age groups (with one exception) are more likely
to be involved in a fatal nonoccupant collision than the non-
Hispanic white population (Hilton 2006). Underreporting of
pedestrian injuries among minerities is also cited in the litera-
ture and would likely increase the burden of disease in certain
ethnicities (Sciogtino ¢t al, 2005). Cultural-related attitudes and
pesceptions concerning safety and public health, access to health
care, and limitations in their exposure to health promotion also
may prove to be imporlant reasons for the increased incidence
of pedestrian injuries in the United States. The theory of social
ecology suggests that the disproportionately higher incidence
of injuries is likely due to an amalgamation of various environ-
mental and individual-level factors, such as population density,
vehicle miles traveled, alcohol consumption, risky behavior pat-
terns, and demographic factors, such as age, gender, education,
socioeconomic status (Stokols 2000).

Orange County, California, is a model location to study heaith
disparities, because the population features striking socioeco-
nomic diversity, Although it is portrayed in the media as a
wealthy and idyltic California beach region, residents in several
small communities within the county live in poverty and face
several barriers to achieving positive health outcomes. As an
example of diversity within Orange County, recent U.S. Census
data show that the median household income in Laguna Beach
is $74,808, with a 92 percent Caucasian population and only 5
percent of individuals living at or below the poverty level, In
conirast, of the individuals living in the 92701 ZIP code in Santa
Ana, 26.4 percent live below the poverty level; this community
is 88.3 percent Hispanic, with a median household income of
$33,728 (U.S. Census Bureau 2003). The previously mentioned
studies on motor vehicle crashes involving pedestrians would
suggest that these individuals in Santa Ana are struck by mo-
tor vehicles at much higher rates and, when struck, face poorer
outeomes, including higher morbidity and mortality.

Injuries, and in particular pedestrian injuries, have a
strong spatial-geographic distribution (Braddock et al. 1994;
Lascala et al. 2000, 2004; Sciortino et al. 2005; Pulugurtha et al.
2007). Geographic information systems (GIS) software provides
valuable tools in regards to the spatial distribution of injuries

and may assist in identifying key risk factors in the environment
and in the individual. The importance of GIS is delineated by
the plethora of studies identifying the geographic distribution of
high crash zones (Noland and Quddus 2004; Dissanayake et al,
2009; Hansen et al, 2009; Schuorman et al, 2009; Warsh et al.
2009; Weiner and Tepas 2009). A number of studies have illus-
trated the importance of the geographic distribution of pedes-
trian injuries as it might pertain to ecological factors and preven-
tative measures at a city level (Lightstone et al. 2001; Noland
and Quddus 2004; Pulugurtha et al. 2007; Wier et al. 2009}
Two of these studies used the city of San Francisco, California,
as the area of interest (Lascala et al. 2000; Sciortino et al. 2003).

This article looks at all age groups and allows comparisons
to be made among youth, adult, and senior age groups. Other
groups have studied child pedestrian injuries or were restricted
to the city of San Francisco. Qur study of Orange County,
California, looks at an area approximatety 17 times the size of
San Francisco by square miles, with a population nearly 4 times
as large spread throughout urban, suburban, and rural areas. The
goal of this study is to determine how environmental and indi-
vidual level predictors (demographics), such as socioeconomic
differences, translate into disparities of pedestrian collisions on
a larger geographic distribution (county level} by using GIS.

METHODS

Pedestrian collisions were identified in the data of the Cali-
fornia Statewide Integraied Traffic Records System (SWITRS),
which is assembled from police crash reports by the Catifornia
Highway Patrol Information Services Unit. Pedestrian collisions
were defined as collisions with any injuries to pedestrians. To
preserve the independence of the observations, each collision
was counted once regardless of the number of injured pedestri-
ans. Collisions from 2000 to 2004 were selected to minimize
crror due to application of 2000 census dala to later years, The
data were geocoded by Crossroads Software, Brea, California,
using the distance and direction of the point of impact from
the nearest intersection indicated in SWITRS, Population and
population characteristics for census tracts were obtained from
the 2000 U.S. Census (U.S. Census Bureau 2003),

Measures
We originally defined poverty {percentage of individuals with
family incomes less than 100% of the poverty level) and near
poverly (percentage of individuals with family incomes from
100% to less than 185% of the poverty level). One hundred
eighty-five percent of the federal poverty level is the maximum
income eligible for the Women, Infants and Children nutrition
program in California and for reduced price school meals (Cali-
fornia Department of Health 2009; Eligibility Manual for School
Meals: Federal Policy for Determining and Verifying Eligibility
2009).

Two age groups were used: percentage 0-14 years and
percentage 65 and older. The effect estimates for these groups
are relative to the remaining group, age 15-64 years. Less than
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high schootl education was defined as the percentage of the pop-
ulaticn age 25 years or older that did not graduate from high
school. The percentage of the population age 5 and older, who
speak a language other than English at home, was further strati-
fied into those who spoke English very well and those who speke
English less than very well, as reported by the census respon-
dent for each household. The effect estimates for these groups
are relative to the population that speaks English at home, Pop-
ulation density was converted o a percentage of the maximum
density {16,623/km?) for the regression analysis.

We mapped the pedestrian collisions using ArcMap (version
9.2, BSRI, Redlands, Calif). We joined census ract boundaries
to the maps and produced counts of pedestrian collisions by cen-
sus tract (1.8, Census Bureau 2003). These data were merged
with the census characteristics and analyzed using Stata (version
10.1, StataCorp, College Station, Tex). Because the variance of
the cotlision counts was much larger than their mean, we chose
negative binomial regression to control for overdispersion in
the data. The model assessed the relationship between popula-
tion characteristics and pedestrian collision counts, controling
for population size. Thus, the regression coefficients measured
the increased risk associated with the census characteristics,
assuming that baseline risk is proportional to the population.
Colinearity between the population characteristics was assessed
with Pearson product-moment correlation coefficients.

To further illustrate the effect of low income on pedestrian
injuries, the census tracts were divided into quartiles percentage
of poverty and near poverty. Collision was defined as the aver-

Pedestrian colliston
% <185% of Poverty Level
322744

18.8-322

8.7-18.7

T lo0-87

age annval number of pedestrian collisions divided by the total
population. This ratio is not a rate because it uses the number
of pedestrian collisions occurring within the census tract rather
than all pedestrian collisions to census tract residents,

RESULTS

We identified 4222 collisions with 4524 injured pedestrians,
aratio of 32 injured pedestrians per 100,000 population annually
(95% confidence interval [CI] 31-33), The ratio was 41 (95%
CI: 39-43) for age 0-14, 28 (95% CI: 27-29) for age 15-64,
and 31(95% CI: 28-34) for age 65 and older. Age was unknown
for 53 injured pedestrians {1%).

Exactly 4000 (95%) of these collisions were geocoded to a
specific location, and 3988 cases were geocoded to a census tract
{please refer to Figure 1), Five hundred sixteen of 577 census
tracts (89%) had one or more collisions, Three census tracts had
33, 48, and 99 collisions, respectively, more than three standard
deviations above the mean of 6.9 collisions, The characteristics
of the census {racts are shown in Table L.

The results of the negative binomial regression are shown in
Table II. The two age variables were included in the same re-
gression, as were the two poverty variables and the two fanguage
variables, Near poverty was a stronger predictor of pedestrian
injuries than poverty. Because we had no reason to expect near
poverty to be more strongly related than poverty to pedestrian
injuries, we combined the poverty and near poverly categories.
The percentage of the population age 14 years and younger with

Figure 1 Map of pedestrian collisions {dots) by percentage poverty and near poverty. (Hash-marked areas have a population density of less than 10/km? .}
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TableI Mean and standard deviation of census variables by census tract, Orange County, California, 2000, # = 577 census tracts

Variable Mean Standard deviation 25th Percentile 75th Percentile
Age 0-14 22.2% 6.0% 193% 25.5%
Age 64+ 16.5% 2.1% 57% 12.4%
Poverty and near poverty . 223% 16.8% 8.7% 32.2%
<High school education 19.7% 19.2% 5.5% 28.9%
Speak other language at home, speak English very well i8.4% 8.3% 12.1% 23.6%
Speak other language at home, speak English less than very well 19.9% 17.3% 6.4% 30.49%
Population density/km? (% of maximum}) 3150 (19.0%) 2229 (13.4%) 1762 (10.6%) 3864 (23.2%)
Pedestrian collisions 6.9 1.6 2 1¢

incomes of poverty or near poverty level, with less than a high
school education, that spoke other language at home, and did
not speak English and the population density were all related
to the number of pedestrian injuries. The largest regression co-
efficients were Tor the percentage of poverty and near poverty.
Because of the large correlations between poverty and other
variables, we do not present regression models with more than
one independent variable. However, inclusion of any of the other
variables did not decrease the association between poverty and
the coliision ratio,

To determine whether the 3 census tracts with more than
30 cases had a disproportionate effect on the regression, we
repeated the regression without these 3 census tracts, In the
crude regression, the percentage change in collision ratios for a
1 percent change in population age 0—4 was reduced to 1.3 and
for “speak other language at home,” “speak English well” to 1.3,
None of the other crude coefficients changed by more than 20
percent. The coefficient for poverty and near poverty decreased
less than 3 percent.

Table I1I shows the annual collision ratio per 100,000 pop-
ulation by quartile of percentage of houschold below 185 per-
cent of poverty level. The collision ratio increased with cach
quartile,

DISCUSSION

In Osange County, California, in a univariate regression
model at the census tract level, statistically significant predictors
of vehicle pedestrian injury collisions include poverly, popula-
tion density, English-language fluency, and education, Among
all of these variables poverty was clearly the strongest predictor
of frequency of pedestrian collisions. Some experts suggest that

those from a lower SES engage in riskier behavior and are less
likely to be aware of public safety issues (Campos-Outcalt et al.
2002}. Low-income individuals may walk more in environments
with more traffic than high-income individuals (Lascala et al.
2000; Wier et al. 2009).

In our analysis we asswmed that poverty and near poverly
would have the same effect on pedestrian collisions. However,
the effect of near poverty may be a reflection of the risk associ-
ated with demographic transitions, such as the acculturation of
recent immigrants {Anderson et al, 1998). To speculate further,
those at near poverly may have higher employment levels than
poor individuals, requiring near-poor individuals to leave their
homes more often and risk traffic exposure. This may include
working multiple low-paying jobs, requiring frequent travel be-
tween job sites, increasing the exposure to traffic.

The ratio of pedestrian injuries to population in our study area
was greater than national rates of pedestrian injury, especially
for age 0-14 years (National Highway Traffic Safety Admin-
istration 2009). In our results, the pedestrian injury ratio was
only slightly higher for age 65 years older and the proportion of
older residents was not associated with more pedestrian injuries
in a census tract. In U.S. data, older individuals have a higher
{atality rate but alower injury rate than younger adults (National
Highway Traffic Salety Administration 2009).

GIS used in this study allowed us to link collision data
with census tract data. This application may prove beneficial
in assisting city and county policymakers with educational, en-
forcement, and environmental decisions, The map displayed
the assoctation of one community-level risk factor with col-
lisions, but to individuals familiar with the area the map may
suggest other associations that might lead to further research and
interventions.

Table IT  Percentage change in collision ratios for 1 percent change in independent variable, negative binomial regression controlling for population size,

Orange County, Caliloenia, 2000-2004, # = 577 census fracls

Variable % Change 95% CI Correlation with poverty and near poverty {7}
Age 0-14 1.8 0.4-3.2 0.49

Age 644 —0.5 —-1.7100.6 0.15

Poverty Near poverly 1.24.2 —-0.1102.53.1-5.3 ——

Poverty - near poverty 2.8 24-3.3 —_—

<High school educalion 2.1 1.7-2.4 0.89

Speak other language at home, speak English very well | 31] -0.31t023 0.50

Speak other language at home, speak English less than very well 1.8 1.2-24 0.88

% of Maximum population density 1.1

0.5-1.7 0,66
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Table III  Pedesirian collisiens, population, and annual collision ratio per
00,000 population by quartile poverty and near-poverty level

% Poverty and Census Pedestrian Collision
near poverty tracts collisions Population ratio
0-8.6 144 336 605,834 111
8.7-16.6 144 622 659,889 139
16.7-32.1 144 1097 703,238 312,
32.2-74.1 145 1933 877,328 44,1
Total 517 3988 2,846,289 280

The study showed an increased frequency of collisions in
specific areas that are known to be commercial or recreational
destinations, It is possible that the risk of injuries in these areas
could be due to factors other than the characleristics of the
residents in the census tracts, aithough data do suggest that
most pedestrian injuries occur within close proximity of their
residences (Lightstone et al, 2001).

Clearly, this study points toward disparities in injuries that
are a reflection of poverty., These resulls are consistent with
previous research that looked at pedestrian injury disparities
on a smaller geographic scale (city level; Agran et al. 1998;
Lascala et al. 2000; Noland and Quddus 2004; Wier et al. 2009).
Tt is likely also that individuals of lower socioeconomic status
and minorities are underreported by the police and that they
may use emergency services far less than their counterparts
{Sciortino et al. 2003). Policymakers should look for interven-
tions to decrease injuries in poor neighborhoods to address these
disparities.

LIMITATIONS

Census tract boundaries typically follow arterial streets, and
the census tract shapefiles that we used are not as precise as the
collision geocoding provided by Crossroads Software. Thus,
collisions occurring near census tract boundaries may have
been assigned to the wrong census tract, However, we would
expect this misclassification to be nondifferential with respect
to poverty and other population characteristics and to diminish
measures of association.

These group-level data are appropriate for analyzing so-
cial processes that occur at the level of the census block
group or neighborhood (Sehwartz 1994). However, if the causal
processes occur at the family or individual level, the analy-
sis of neighborhoed-level data may suffer from ecologic bias
(Morgenstern 1995). Furthermore, a multivariate model of eco-
logic data may not adequately control for confounding at the
individval level (Greenland 1992),

CONCLUSION

Our study showed that pedestrian crashes are 4 times more
frequent in poor neighborhoods and that neither age of the
population, education, English-language fluency, nor popula-
tion density explained the effect of poverty. The results demon-
strate significant geographic- and demographic-level disparities

in pedestrian crashes. Further understanding of the complex
environmental and individual-level factors can help direct edo-
cational programs, interventions, policy and ultimately improve
injury disparities,

ACKNOWLEDGEMENT

The authors thank June Casey, BA, for her help with editing
the manuscript and Suleman Ahmed, BS, BA, for his help in
formatiing,

REFERENCES

Agran PF, Winn DG, Anderson CL, Del Valle C. Family, social, and
cultural factors in pedestrian injuries among Hispanic children, Inf
Prev, 1998;4:188--193,

Alcohol involvement in pedestrian fatalities—United States, 1982
1992, MMWR Morb Mortal Wkly Rep, 1993,42:716-719,

Anderson CL, Agran PE, Winn DG, Tran C. Demographic risk fac-
tors for injury among Hispanic and non-Hispanic white children: an
ecologic analysis. Inj Prev. 1998;4:33-38.

Bagley C. The uwrban setting of juvenile pedestrian injuries: a study
of behavioural ecology and social disadvantage. Accid Anal Prev.
1992;24:673-678.

Blincoe L, Seay A, Zatoshnja E. The Economic Impact of Motor Veliicle
Crashes, 2000. National Highway Traffic Safety Administration;
2002,

Braddock M, Lapidus G, Cromiey B, Cromiey R, Burke G,
Banco L. Using a geographic information system fto under-
stand child pedestrian injury. Am J Public Health, 1994;84;
1158-1161.

Braver ER. Race, Hispanic origin, and socioeconomic status in relation
to motor vehicle occupant death rates and risk factors among aduits,
Accid Anaf Prev. 2003;35:295--309,

Catifornia Department of Health. WIC Program Detailed De-
scription. 2009, Available at: http:/fwww.cdph.ca.goviprograms/
wicworks/Pages/fWICDetailedDescriptionPage.aspx. Accessed June
22, 2009,

Campos-Outcalt D, Bay C, Dellapenna A, Cota MK. Pedestrian fa-
talities by racefethnicity in Arizona, 1990-1996. Am J Prev Med.
2002;23:129-1385.

Dissanayake D, Aryaija J, Wedagama DM. Modelling the effects of
land use and temporal factors on child pedestrian casualties. Aceid
Anal Prev. 2000;41:1016-1024,

Eligibility Manual for School Meals: Federal Folicy for Determining
and Verifying Eligibility. 2009. Available at: hitp;//www.fns.usda.
gov/end/Governance/notices/iegs/EligibitityManualpdf, Accessed
June 22, 2009,

Greenfand S. Divergent biases in ecologic and individual-level studies.
Stat Med. 1992;11:1209-1223,

Hansen W, Kalapasev N, Gillespic A, Singler M, Ball M. Develop-
ment of a pedestrian walkability database of Northern Kentucky
using geographic information systems (GIS). J Phys Act Health.
2009;6:374-385.

Hilton 1. Race and Ethnicity Factors in Fatal Motor Vehicle Traffic
Crashes 1999-2004. National Highway Traffic Safety Administra-
tion; 2006.

Laflamme L, Diderichsen F. Social differences in traffic injury risks in
childhood and youth—a literature review and a research agenda. Jnj
Prev. 2000;6:293-298.



12 October 2010

id4:12

[Univerzity of california. San Diego} At:

Pownloaded By:

RELATIONSHIP OF PEDESTRIAN INJURIES TO SCCIOECONOMIC CHARACTERISTICS 513

Lasecala EA, Gerber D, Gruenewald PJ. Demographic and environmen-
tal correlates of pedestrian injury collisions; a spatial analysis. Accid
Anal Prev, 2000;32:651-658.

LaScala EA, Gruenewald PJ, Jolinson FW. An ecological study of the
locations of schools and child pedestrian injury collisions. Accid
Anal Prev, 2004;36:569-576.

Lightstone AS, Dhillon PK, Peek-Asa C, Kraus JF. A geographic analy-
sis of motor vehicle collisions with child pedestrians in Long Beach,
California: comparing intersection and midblock incident locations.
Inj Prev. 2001;7:155-160.

Mock CN, nii-Amon-Kotei DD, Maier RV. Low utilization of formal
medical services by injured persons in a developing nation: health
service data underestimate the importance of trauma, J Trauma.
1997;42:504-511; discussion 511-503,

Morgenstern H. Ecologic studies in epidemiology: concepts, principles,
and methods. Annu Rev Public Health. 1995;16:61-81.

Nantulya VM, Reich MR. Equity dimensions of road traffic injuries
in low- and middle-income countries. Jnj Control Sgf Promot.
2003;10:13-20,

National Highway Traffic Safety Administration. Traffic Safery Facts
2008, Washington, DC: US Departinent of Transportation; 2009.
Report No. DOT HS 811,

Noland RB, Quddus MA. A spatially disaggregate analysis of road
casualties in England. Aceid Anal Prev. 2004:36:973-984,

Peden M, World Report on Road Traffic Injury Prevention: Summary.
World Health Organization; 2004,

Peng RY, Bongard FS, Pedestrian versus motor vehicle accidents: an
analysis of 5000 patients. J Am Coll Surg, 1999;189:343--348,

Pulugurtha 88, Krishnakumar VK, Nambisan S8. New methods to
identify and rank high pedestrian crash zones: an illustration. Accid
Anal Prev, 2007,39:800-811,

Rivara FP, Barber M. Demographic analysis of childhood pedestrian
injuries. Pediatrics. 1985;76:375-381.

Schuurman N, Cinnameon J, Crooks VA, Hameed SM. Pedestrian injury
and the built environment: an environmentat scan of hotspots. BMC
Public Health. 2009:9:233,

Schwartz 8. The fallacy of the ecological fallacy: the potential misuse of
a concept and the consequences. Am J Public Health. 1994;84:819-
824,

Sciortino 8, Vassar M, Radetsky M, Knudson MM. San Fran-
cisco pedestrian injury surveillance: mapping, under-reporting, and
injury severity in police and hospital records. Accid Anal Prev.
2003;37:1102-1113.

Shankar U. Pedestrian Roadway Fatalities. National Highway Traffic
Safety Administeation; 2003,

Stokols D. Establishing and maintaining healthy environments, To-
ward a social ecology of health promotion. Am Psychol, 1992:47:
6-22,

Stokols D. Social ecology and behavioral medicine: implications for
training, practice, and policy. Behay Med. 2000;26:129--138.

Stokols D, Allen J, Bellingham RL. The social ecology of health pro-
motion: implications for research and practice. Am J Health Promot.
1996;10:247-251.

US Census Bureau. Censys 2000, Summary File 4, 2003, Available at:
http:/ffactfinder.census.gov. Accessed January 27, 2007,

Warsh J, Rothman L, Slater M, Steverange C, Howard A. Are school
zones effective? An examination of motor vehicle versus child pedes-
trian crashes near schools. Inj Prev. 2009,15:226-229,

Weiner EJ, Tepas IJ HI. Application of electronic surveillance and
global information system mapping to track the epidemiology
of pediatric pedestrian injury. J Tramwma. 2009;66{(suppl):S10-
§16,

Wier M, Weintranb J, Hurphreys EH, Seto B, Bhatia R. An area-level
model of vehicle-pedestrian injury collisions with implications for
land use and transportation planning, Accid Anal Prev, 2009;41:137-
145,



