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Abstract

Background—~Pedestrian-related injuries are a significant contributor to preventable mortality
and disability in children. We hypothesized that interactive pedestrian safety education is
associated with increased knowledge, safe crosswalk behaviors, and lower incidence of pedestrian-
related injuries in elementary school-aged children.

Methods—An interactive street crossing simulation was implemented at target elementary
schools in Los Angeles County beginning in 2009. Mixed-methods were used to evaluate the
impact of this intervention. Multiple-choice exams were used to test pedestrian safety knowledge,
anonymous observations were used to assess street-crossing behaviors, and statewide traffic
records were used to report pedestrian injuries in elementary school-aged (4-11 y) children in
participating school districts. Pedestrian injury incidence was compared one year before and after
the intervention, standardized to the incidence in the entire city of Los Angeles.

Results—A total of 1424 and 1522 children completed the pre-test and post-test, respectively.
Correct answers increased for nine out of ten questions (all p<0.01). Children more frequently
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looked both ways before crossing the street after the intervention (10% vs 41%, p<0.001). There
were 6 reported pedestrian-related injuries in intervention school districts in the year prior to the
intervention and 2 injuries in the year after the intervention, resulting in a significantly lower
injury incidence (standardized rate ratio 0.28; 95% Cl, 0.11-0.73).

Conclusion—~Pedestrian safety education at Los Angeles elementary schools was associated
with increased knowledge, safe street crossing behavior, and lower incidence of pediatric
pedestrian-related injury. Formal pedestrian safety education should be considered with injury
prevention efforts in similar urban communities.

Keywords

Injury prevention; pediatric; pedestrian; crosswalk; street; safety

Introduction

Methods

Unintentional injury is the leading cause of mortality in children.! Pedestrian-related injury
in children under 15 years old accounted for 380 deaths and 2,404 hospitalizations in 2015
alone. Children who sustain injuries during street crossing are at increased risk for
traumatic brain injury — a leading cause of long-term morbidity and societal health care
expenditures.® Recognized risk factors for pedestrian-related injury include male gender, age
5-9 years, nonwhite race, urban areas, and low socioeconomic status.*~ These risk factors
suggest that elementary school children in major cities represent an important target for
injury prevention efforts.

While several studies have found street safety education to be a valuable means to promote
increased knowledge and safe pedestrian behaviors,8-13 there is limited data linking these
interventions to a reduction in pedestrian-related injury.1* Incorporation of law enforcement
into pedestrian injury prevention efforts has also not been evaluated. This study aimed to 1)
determine the association between police-administered education and pedestrian safety
knowledge and safe street crossing behaviors, and 2) assess the impact of pedestrian safety
education on the incidence of pedestrian injury in elementary school-aged children. We
hypothesized that this intervention would be associated with improved knowledge, safer
pedestrian behaviors, and a lower incidence of pedestrian-related injury in our target
population.

Study Design and Cohort Selection

This study used a mixed-methods design. Institutional Review Board approval was obtained
from the Children’s Hospital Los Angeles. There were two different cohorts that were
analyzed for this study. Our Injury Prevention staff administered the education up until 2017,
at which point a partnership was forged with the Los Angeles Police Department (LAPD)
and police officers became the primary educators thereafter. We therefore measured the
specific impact of police-administered education on knowledge and behaviors using data
from 7 elementary schools that were educated by law enforcement from 2017-2018.
Children in grades one through three were the target participants in the educational
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intervention. All participants were anonymous and no demographic information was
obtained. For the global assessment of the impact of our program on injury incidence, we
used registry data from census tracts surrounding a cohort of 10 elementary schools that
received pedestrian safety education over a five-year period (2012 to 2017, allowing one-
year follow-up for interventions in 2017).

Pedestrian Safety Educational Intervention

Los Angeles Street Smarts is a pedestrian safety educational initiative created by our Injury
Prevention team at Children’s Hospital Los Angeles. The program started in 2009 with a
goal to prevent pedestrian-related injury in elementary-school children in Los Angeles
county. The educational curriculum uses an immersive, life-size set (Richie’s Neighborhood)
including controllable street lights/signs (Figure 1) to allow children to practice street safety
behaviors and receive feedback in real time. The set is deployed at participating schools for
one day and education is typically administered to a single classroom of students at a time
over a one-hour period.

Pre-Post Test and Street Crossing Observations

A multiple-choice exam (Supplemental Figure) was used to test pedestrian safety knowledge
and perceptions of law enforcement officers before and after the intervention. Responses
were anonymous and thus individual test scores could not be linked pre- and post-
intervention. The exam was administered by classroom teachers, typically one day before
and again immediately after the intervention. The exam included three questions (Q5, 7, &
9) specifically designed to assess the child’s perception of police officers. There was one
question related to responsibility for pedestrian safety added to the exam (Q10) during the
study period.

Street crossing behavior was anonymously observed by study personnel outside each school
one week before and one week after the intervention. The observations were conducted
during the morning or afternoon commute to maximize the number of potential
observations. Specific behaviors that were evaluated included 1) looked both ways before
crossing the street, 2) obeyed traffic signals, 3) crossed at designed crosswalk, and 4)
crossed with an adult. Observations were random, but study personnel aimed to alternate
observing male and female children. Age was estimated by observers as one of two
categories (5-6 or 7-10 years) for observed children.

Pedestrian-Related Injury Incidence

Elementary school zoning maps were used to identify street crossings within participating
school districts. These street crossings were then provided to an analyst with the California
Highway Patrol that used the Statewide Integrated Traffic Records System (SWITRS) to
generate pedestrian-related injury reports for the target school districts. The SWITRS
database includes all traffic incidents reported by authorities in the state of California. Data
from SWITRS is considered public record and it contains no identifying information.
Pedestrian-related injury events were obtained one year before and one year after the
intervention. We only recorded injuries in elementary-aged children (4-10 years) before the
intervention, and 5-11 years old after the intervention (to account for the intervention group
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aging one year). The denominator required for calculation of injury incidence was estimated
using United States Census Bureau 2010 Census data (https://factfinder-census-gov) to
calculate the number of children in the target age strata living in each school district (using
zip codes) before and after the intervention. The standard population chosen for this study
was all elementary school-aged children residing within the City of Los Angeles from 2011
to 2017.

Statistical Analysis

Results

The frequency of correct answers to individual test questions and the number of safe street
crossing behaviors were compared before and after the intervention using the Chi-square test
of independence. Comparisons could not be paired between groups because all tests results
and observations were anonymous.

The number of pedestrian-related injuries reported in elementary aged children living in the
zip codes of 10 target schools were used to calculate the rate of pedestrian-related injury per
person-time at risk 1 year pre- and 1-year post-implementation of the intervention. Due to
the rarity of observed events, the crude rate ratio was calculated for only the combined total
person-time, summed over all participating schools. The relationship between the rate of
injuries before and after the intervention was investigated in school-level data by negative
binomial regression. An offset term of log (person-time) was fitted in the model to allow for
the varying person-time at risk. A rate ratio was calculated using the number of reported
injuries and person-time of exposure in each period.

Because the intervention occurred in different calendar years in each of the elementary
schools, Los Angeles city census data spanning all analyzed years (2011-2017) were
utilized as the standard population to adjust for possible temporal changes in injury rates in
the general population. Injury rates from the same calendar year in the overall Los Angeles
city population were used along with the person-time of exposure to calculate the expected
number of injuries in a given school/year. The standardized risk ratio was calculated as the
ratio of the actual number of injuries over the number expected based on the rates in the
standard population in a given calendar year. The log of the expected numbers of injuries at
each school was used as an offset term in a negative binomial regression model where the
estimate of association was the standardized rate ratio. Our threshold for statistical
significance was p<0.05. All statistical analyses were conducting using SAS software v. 9.4
(SAS Institute Inc., Cary, NC).

Pre-Post Test Scores

A total of 1424 and 1522 children completed the pre-test and post-test, respectively (Table
1). The number of correct answers significantly increased for nine out of the ten questions,
including all three questions assessing perception of police officers (all p<0.01). The highest
increase occurred for Q6 (‘How do you know if a driver has seen you?’): 24% vs 59% on the
pre- and post-test, respectively. The only question for which there was no significant
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increase in correct answers was Q1 (“What sign do you look for to cross the street?”): 83%
vs 84%, p=0.45.

Safe Street Crossing Behaviors

We observed 250 children crossing the street before the intervention and 396 after (Table 2).
There was a significant increase in the number of children that looked both ways before
crossing the street (41% vs 10%, p<0.001). There was a significant decrease in the number
of children who crossed with an adult (85% vs 74%, p=0.013). There was no significant
difference in the number of children who obeyed traffic signals or crossed at the designated
crosswalk after the intervention.

Pedestrian Injury Incidence Data

There was a decline in the total number of pedestrian-related injuries in elementary school
aged children in the entire City of Los Angeles over the study period (Figure 2). The
incidence of reported pedestrian-related injury was 6 out of 49,322 children 1-year pre-
intervention (incidence rate 1.22 injuries per 10,000 children, Table 3). In the 1-year post-
intervention period, there were 2 reported injuries out of 49,581 children (incidence rate 0.40
per 10,000 children). This resulted in a rate ratio of 0.33 (95% CI, 0.19-0.58; p<0.001) post
versus pre-intervention (Table 3). After adjusting for the expected number of injuries in each
school based on Los Angeles city census data, the standardized rate ratio was 0.28 (0.11-
0.73, p=0.009).

Discussion

This retrospective cohort study demonstrated the impact of an immersive street safety
educational course for elementary school-aged children. Improvements were observed both
in measured street safety knowledge and in observed behavior change. We also observed a
decline in the number of children who crossed the street with an adult after the intervention,
which may reflect increased confidence. Children also more frequently indicated a positive
perception of law enforcement officers after the education. School districts that received the
education had a lower incidence of pedestrian-related injury one year after the intervention.
These findings indicate that Los Angeles Street Smarts may have several societal benefits
related to injury prevention and police-community relations.

Previous data supporting the association between educational interventions and pediatric
pedestrian-related injury are limited.1# Our finding of a lower injury incidence after
education is consistent with Durkin et al,15 a study conducted in northern Manhattan which
examined a robust injury prevention program targeting elementary school children. They
demonstrated a decline in pedestrian-related injury, with the largest reduction occurring in
children 6-10 years old. One of the first reported pedestrian educational campaigns began in
the 1970s (“Willy Whistle”) in Los Angeles, Milwaukee, and Columbus, Ohio. The Willy
Whistle campaign was associated with a decline in childhood ‘dart and dash’ type injuries.16
A study from Norway found that a multifaceted traffic injury prevention program was
associated with a significant decline in both pedestrian and bicycle related injuries in
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children under 16 years old.1” The ‘WalkSafe’ school-based educational program in Miami-
Dade county was similarly associated with a decline in childhood pedestrian injury rates.

One of the unique aspects of this study was the incorporation of law enforcement as the
primary educators. There were two particularly novel findings related to this interaction: 1)
children more frequently reported feeling safe when they see a police officer, and 2) children
were more likely to report they would ask an officer for help. Although the effect sizes were
modest, these findings may reflect a more positive perception of law enforcement. The
LAPD has previously acknowledged the past use of biased policing and the presence of
discrimination.19 It has also been reported that minority groups are more likely to anticipate
discrimination from legal authorities.2? Interventions like LA Street Smarts may be an
innovative way to promote positive interactions between police and our communities.

There were several limitations inherent to this study. First, the educational intervention was
only delivered once to each of the examined schools. Repetition may be key to long-lasting
effects on behavior, and the lack of which may have lessened the impact of our intervention.
We also only measured knowledge and behavior outcomes immediately before and after the
intervention, so a sustained improvement could not be determined. Second, pedestrian injury
incidence was estimated using traffic incident records and 2010 Census data, thus generating
only a rough approximation of the true injury incidence. We were unable to account for
injuries that were never reported, or perhaps ‘near-misses’ in which children were struck by
a vehicle without sustaining an injury, or almost struck by a vehicle. Third, the standard
population utilized in this study (children in the city of Los Angeles) was not ideally
assembled. Some schools in the city of Los Angeles may have received pedestrian safety
education independent of our program. However, if this were true it would likely bias our
results towards the null hypothesis, implying that the true impact of LA Street Smarts may
be more dramatic than what we found. Fourth, the multiple-choice exam used in this study
has not been validated as an accurate measurement of street crossing knowledge or a child’s
perception of law enforcement. Another limitation was the lack of reporting potential
environmental risk factors (such as presence of construction, malfunctioning gates, etc.) at
intervention schools, possibly resulting in unmeasured confounding. Finally, the low number
of overall injuries reported in this study suggests that our main findings may have been
subject to type Il error, and the true impact of our intervention may be underestimated. The
low number of events also implies that our data should be interpreted cautiously, and future
analyses with larger sample size of intervention schools are needed to validate our findings.

Despite the limitations to this observational study, our results indicate that LA Street Smarts
is an effective pedestrian injury prevention program for elementary school children.
Integration of law enforcement led to an improved perception of police officers, in addition
to improved knowledge and safe pedestrian behaviors. These results are likely generalizable
to most urban communities. Long-term follow-up data is needed to confirm a sustained
effect of this intervention.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Photo of Los Angeles Street Smarts interactive set used for pedestrian safety educational

intervention.
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Table 1:

Comparison of pedestrian safety exam results before and after the educational intervention.

Question Pre (N=1424)  Post (N=1522) P-value®
Q1: What sign do you look for to cross the street? 1182 (83) 1280 (84) 0.453
Q2: Who should be with you when crossing the street? 1229 (86) 1365 (90) 0.006
Q3: What is the first thing you do before crossing the street? 423 (30) 688 (45) <0.001
Q4: Before taking you first step, which way should you look? 1131 (79) 1310 (86) <0.001
Q5: A police officer’s job is to... 1101 (77) 1256 (83) <0.001
Q6: How do you know if a driver has seen you? 339 (24) 904 (59) <0.001
Q7: How do you feel when you see a police officer? 987 (69) 1143 (75) <0.001
Q8: What should you do if you see a friend going after a ball in the street? 836 (59) 1273 (84) <0.001
Q9: Who should you ask for help? 1224 (86) 1395 (92) <0.001
Q10: Who is responsible for your safety? 08 (26)1 149 ( 40)1 <0.001

Results reported as N (%).

+
“N=372 (Pre) and N=374 (Post) children answered Q10 when it was added to the exam.

*
Chi-square
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Street crossing observations before and after the educational intervention.

Table 2:

Observation Pre (N=250) Post (N=396) P-value
Younger age (5-6 y) 103 (41) 146 (37) 0.320
Male gender 127 (51) 231 (58) 0.073
Looked both ways 26 (10) 161 (41) <0.001
Obeyed traffic signals 192 (80) 324 (82) 0.485
Crossed at designated crosswalk 207 (83) 345 (87) 0.241
Crossed with adult 121 (85) 174 (74) 0.013

Results reported as N (%).

*
Chi-square
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