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Abstract 

Background  Pedestrians and cyclists are often referred to as “vulnerable road users,” yet most research is focused 
on fatal crashes. We used fatal and nonfatal crash data to examine risk factors (i.e., relationship to an intersection, 
urbanicity, crash circumstances, and vehicle type) for police-reported pedestrian and cyclist injuries on public roads 
among children aged 0–9 and aged 10–19. We also compared risk factors among these two age groups with adults 
aged 20–29 and aged 30–39.

Methods  Crash data were obtained for 2016–2020 from the National Highway Traffic Safety Administration’s Fatality 
Analysis Reporting System for fatal crash injuries and Crash Report Sampling System for nonfatal crash injuries. We 
collected data on victim demographics, roadway, and vehicle- and driver-related factors. Descriptive analyses were 
conducted between and within pedestrian and cyclist victims.

Results  We analyzed 206,429 pedestrian injuries (36% in children aged 0–19) and 148,828 cyclist injuries (41% 
in children aged 0–19) from 2016 to 2020. Overall, child pedestrians had lower injury rates than adults, but children 
aged 10–19 had greater cycling crash rates than adults. Almost half of the pedestrian injuries in children aged 0–9 
were “dart-out” injuries (43%). In the majority of the cyclist injuries, children in both age groups failed to yield to vehi-
cles (aged 0–9 = 40% and aged 10–19 = 24%). For children and all ages included in the study, the fatality risk ratio 
was highest when pedestrians and cyclists were struck by larger vehicles, such as trucks and buses. Further explora-
tion of roadway factors is presented across ages and transportation mode.

Conclusion  Our findings on child, driver, vehicle, and roadway factors related to fatal and nonfatal pedestrian 
and cyclist injuries may help to tailor prevention efforts for younger and older children.

Keywords  Motor vehicle crashes, Roadway factors, Circumstances, Vehicle type, Fatal injury, Nonfatal injury

Background
Motor vehicle crashes (MVCs) on public roads account 
for over 40,000 deaths in the United States each year, 
and 22% of these deaths are a result of pedestrian and 
pedal-cyclist injuries (Centers for Disease Control and 
Prevention 2022). Though walking and cycling are often 
encouraged as simple and cost-effective ways of being 
active and benefiting the environment (e.g., reduced 
emissions of air pollutants, greenhouse gases, and noise) 
(World Health Organization 2022), they pose a traf-
fic safety challenge. In recent years, roads in the United 
States have become more dangerous for pedestrians and 
cyclists, a group sometimes referred to as “vulnerable 
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road users” (U.S. Department of Transportation 2022). 
Between 2011 and 2020, pedestrian fatalities increased 
over 30% and cyclist fatalities increased by about 27%, 
for a total of 6,516 and 938 deaths for each group, respec-
tively (National Center for Statistics and Analysis 2020a, 
b). Fatal and nonfatal pedestrian crashes accounted for 
approximately $17.6  billion in economic costs based on 
2019 dollars, while cyclist crashes accounted for approxi-
mately $5.6  billion in economic costs (Blincoe et  al. 
2019). These are cost increases of 27% and 16%, respec-
tively, over pedestrian and cyclist crashes in 2010 (Blin-
coe et al. 2010) (inflated to 2019 dollars).

Many studies have explored factors associated with 
pedestrian and cyclist safety, including drivers’ behav-
iors (e.g., distraction, drinking and driving), driver and 
pedestrian education, and built environment (Asgar-
zadeh et  al. 2017; Glass et  al. 2014; Saadati et  al. 2022; 
Stoker et  al. 2015; Useche et  al. 2018), and conducted 
reviews of existing interventions to promote road safety 
(Fisa et al. 2022; Kwan and Mapstone 2006). While there 
is extensive research on risk factors for MVCs in general, 
differences in risk factors between age groups are under-
studied. Human developmental stages and experiences 
with transportation contribute to variation in risk factors 
for different age groups. For example, very young chil-
dren are not developed enough to operate a pedal-cycle, 
so their risk for crash injury would occur as a passenger 
in situations beyond their control (Oxley et al. 2016). In 
this case, the risks for injury would be impacted by cog-
nitive and perceptual development and how that impacts 
their mobility in the road environment (Schwebel et  al. 
2012). As children age, they can be cyclists and mobile 
enough to be pedestrians, while gaining independence, 
making their own decisions, and engaging in more var-
ied behaviors as pedestrians and cyclists (Abdel-Aty et al. 
2007). Vulnerable adult road users, on the other hand, are 
more likely to be at risk due to other behaviors, such as 
walking or riding while distracted in other ways or under 
the influence of drugs or alcohol (Asbridge et  al. 2014; 
Plurad et al. 2006). Thus, there is a need to examine the 
differential risk factors for MVCs among different age 
groups. Additional knowledge could be used to tailor 
prevention programs targeting MVCs among vulnerable 
child road users.

Another gap in the literature is that historically, most 
U.S. research on non-occupant crashes has focused on 
fatal crashes. Studies often provide detailed breakdowns 
about crash fatalities and give a single table about sur-
vivors (e.g., fatality rate by age group), or draw nonfatal 
counts from medical data detailing injury location and 
severity rather than National Highway Traffic Safety 
Administration (NHTSA) crash datasets detailing crash 
circumstances (McAdams et al. 2018; Mehan et al. 2009; 

Miller et  al. 2004; Wheeler-Martin et  al. 2017). Using 
NHTSA databases that provide fatal (Fatality Analysis 
Reporting System, FARS) and nonfatal (Crash Report 
Sampling System, CRSS) crashes on public roads, this 
study described MVC injury hazards and rates for young 
pedestrians and cyclists in the United States from 2016 
to 2020. The data excluded injuries in driveways, parking 
lots, and off-road areas like beaches and farms. We com-
pared children under age 10 to those aged 10 through 19. 
We also compared these two age groups with adults aged 
20–29 and aged 30–39 to identify risks that are unique to 
vulnerable child road users.

Methods
Data sources
We identified fatal crash injuries in 2016–2020 from 
FARS, giving us a complete picture of all pedestrian and 
cyclist fatalities (National Center for Statistics and Analy-
sis 2022c). For nonfatal injuries, we used CRSS to iden-
tify only nonfatal pedestrian and cyclist injuries. CRSS 
is a weighted sample of all police-reported crashes in the 
United States, capturing MVCs outside the scope of the 
FARS census of fatal crashes (NHTSA 2022).

In FARS and CRSS, we identified crashes involv-
ing at least one injured or killed pedestrian or cyclist 
by using the Person Type variable from the Person file. 
From the Person file, we selected all injured pedestrians 
and cyclists under age 40 and assigned them to the 0–9, 
10–19, 20–29, and 30–39 age categories. We then used 
the Person Number and Crash Number to identify pedes-
trian- and cyclist-specific crash elements. Additional 
file 1: Table S1 in the additional file describes how crash 
types from the pedestrian and cyclist variables were 
recategorized for categorical crash circumstance analysis 
(see Additional file 1). Crash Number was used to select 
further data elements from the Vehicle and Accident files 
in each year for crashes involving these vulnerable road 
users. Additional file 1: Table S2 in the additional file dis-
plays how we recategorized the FARS and CRSS vehicle 
type variables into analytic categories for this investiga-
tion (see Additional file  1). We downloaded the annual 
Population Estimates Program county-level popula-
tion data for 2016–2020 from the U.S. Census Bureau 
(U.S.  Census Bureau 2021) to calculate crash rates per 
100,000 population. Urban–Rural Continuum Codes 
were obtained from the U.S. Department of Agriculture 
(U.S. Department of Agriculture 2020) to analyze urban 
and rural populations.

Analysis
Our main descriptive analysis was to calculate injury 
rates for younger and older children by year, relationship 
to an intersection, urbanicity, crash circumstances, and 
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vehicle type. We then compared the injury frequencies, 
and rates per 100,000 population to the two adult age 
blocks, to assess if and how the injury situations varied 
by age, and if certain risk factors were unique to younger 
vulnerable road users. We compared injury frequencies 
for each age group by vehicle type and crash circum-
stances using the χ2 statistic. Because it already is estab-
lished that male vulnerable road users are injured and 
killed at much greater rates than female vulnerable road 
users (Coleman and Mizenko 2018), we did not include 
an analysis of age and gender effects.

Further, we compared crash fatality risk across age 
groups. Risk ratios (RRs) were calculated for decade of 
age (with aged 0–9 as reference group for analyses for 
children and with aged 20–29 as reference group for 
analysis for all ages), vehicle type (with Cars as reference 
group), crash circumstances (with Crossing as reference 
group for pedestrians and Intersection- Motorist Failed 
to Yield as reference for cyclists), and street location 
(with Intersection as reference group). Because the FARS 
crashes are from a complete census and CRSS injuries are 
estimates, bootstrapped 95% confidence intervals (CIs) 
were generated for the RRs. Finally, we tested for inter-
actions of age and vehicle type, age and crash circum-
stances, and age and street location using RRs. This study 
did not meet the definition of human subjects research 
and therefore was not subject to institutional review 
board (IRB) review.

Results
Descriptive results
Between 2016 and 2020, the study observed 206,429 
pedestrian injuries (36% in children aged 0–19) and 
148,828 cyclist injuries (41% in children aged 0–19). 
Among children aged less than 20, boys (51%) and girls 
(49%) had similar pedestrian injuries, but cyclist injuries 
were greater for boys (81%) than girls (19%), suggesting 
riskier cycling behaviors among boys. Table  1 displays 
the frequencies involving injured pedestrians and cyclists 
by victim, roadway, crash scenario, and vehicle charac-
teristics. The percentage of fatal injuries was greater for 
pedestrians involved in crashes compared to cyclists 
(Children aged 0–19: 3% vs. 1%, respectively; and All 
ages: 6% vs. 1%, respectively). Across all age groups, fatal-
ity risks were greater when pedestrians and cyclists were 
injured by trucks and buses and injured in rural areas 
and at non-intersections. While crash injuries decreased 
in 2020, fatality risk was highest in 2020 for both pedes-
trians and cyclists. Figure  1 shows a decrease in injury 
rates for pedestrians and cyclists from 2016 through 
2020 for children and adults. Child pedestrians had lower 
injury rates per 100,000 population than the two adult 
age groups (shown in 1a), and children aged 10–19 had 

greater cycling crash rates than adults each year (shown 
in 1b).

Table  2 examines incidence by age group for vehicle 
type, urbanicity, intersection involvement, and crash 
circumstances. All χ2 in Table  2 identify significant dif-
ferences at the level of p < 0.001. Cars were the most com-
mon vehicle involved in pedestrian and cyclist crashes, 
accounting for approximately half of the injured victims 
in each age group. The biggest difference by vehicle type 
was that child cyclists aged 0–9 were more likely to be 
injured by vans, utility vehicles, and light trucks (44%) 
than child cyclists aged 10–19 (35%) and both groups of 
adult cyclists aged 20–29 (23%) and aged 30–39 (36%). 
For pedestrian crash circumstances, we observed 43% of 
children 0–9 were injured in dart-out crashes, compared 
to 19% of children 10–19, and 8% and 7% of adults 20–29 
and 30–39, respectively. For cyclist crash circumstances, 
we again found a different pattern for the youngest chil-
dren: over 26% of injuries to cyclists aged 0–9 were due 
to midblock-cyclist failed to yield crashes compared to 
5% of children 10–19, and 3% in both adult age groups. 
Adult cyclists were more likely to be injured in motorist 
turn (left or right) crashes (approximately 19% for both 
age groups) compared to children aged 0–9 (6%) and 
aged 10–19 (12%).

Risk factors for pedestrian and cyclist injuries across age 
groups
Table  3 displays fatality risk ratios for vehicle type, 
urbanicity, street location, and crash circumstances for 
pedestrians and cyclists aged 0–19 and all pedestrians 
and cyclists aged 0–39. For injured child pedestrians and 
cyclists, cars had lower fatality risk than vans/utility vehi-
cle/light trucks and trucks and buses, with cyclist injuries 
from trucks and buses having the greatest fatality risk 
(RR = 8.03). This risk pattern was similar for adult pedes-
trians and cyclists. Child cyclists struck by other vehi-
cles, like motorcycles and mopeds, had the lowest risk of 
death (RR = 0.52). For all pedestrians and cyclists, fatality 
risk ratios were greater for crashes in rural areas versus 
urban areas, and those that occurred not at intersections 
versus those at intersections. Child cyclists aged 0–9 had 
greater fatality risk in crashes (RR = 1.33) than adults 
aged 20–29. Child pedestrians in both age groups (Chil-
dren aged 0–9 RR = 0.51; Children aged 10–19 = 0.44) 
and cyclists aged 10–19 (RR = 0.86) had lower fatality risk 
in crashes compared to adults aged 20–29.

Interaction of age with risk factors
Table 4 examines the interaction of age with vehicle type, 
street location, and crash circumstances on fatality risk. 
Due to small cell counts, a similar analysis of urbanicity 
was not pursued. For both pedestrians and cyclists, the 
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reference group for age by vehicle type was adults aged 
20–29 struck by cars (RR = 1). For age by crash circum-
stances, the reference group for pedestrians was adults 
aged 20–29 in crossing crashes, and for cyclists was 
adults aged 20–29 in intersection-motorist failed to yield 
crashes. The reference group for age by street location 

was adults aged 20–29 at intersections. In the age by 
vehicle interaction, children struck by buses and trucks 
had greater increased pedestrian (RR = 1.78 for children 
aged 0–9 and RR = 1.36 for children aged 10–19) and 
cyclist (RR = 11.39 for children aged 0–9 and RR = 6.28 
for children aged 10–19) fatality risk compared to the 

Table 1  Description of pedestrian and cyclist crashes in the United States, 2016–2020

Pedestrians aged 0–19 Cyclists aged 0–19 Pedestrians aged 0–39 Cyclists aged 0–39

Frequency Percent 
fatal (%)

Frequency Percent 
fatal (%)

Frequency Percent fatal (%) Frequency Percent 
fatal 
(%)

Total 73,369 2.9 61,278 0.7 206,429 5.6 148,828 1.0 

Sex

Male 34,778 3.8 49,192 0.8 114,679 6.9 117,413 1.2 

Female 33,279 2.4 11,913 0.3 91,104 3.8 31,157 0.9 

Age

0–9 19,554 3.2 7429 1.1 19,554 3.2 7429 1.1 

10–19 53,815 2.8 53,849 0.7 53,815 2.8 53,849 0.7 

20–29 – – – – 70,744 6.3 51,857 0.9 

30–39 – – – – 62,316 7.9 35,693 1.5 

Year

2016 19,699 2.6 16,133 0.6 50,179 4.5 39,926 0.7 

2017 15,380 3.0 12,777 0.8 40,969 5.4 30,872 0.9 

2018 14,376 2.9 10,294 0.9 42,758 5.5 26,834 1.1 

2019 15,091 2.4 13,314 0.6 42,467 5.3 29,847 1.0 

2020 8823 4.2 8760 1.1 30,056 8.1 21,319 1.4 

Vehicle type

Car 40,121 2.4 32,314 0.6 108,947 5.0 79,626 0.8 

Van/utility vehicles/light truck 26,385 3.7 23,862 0.9 72,273 6.4 46,819 1.2 

Truck/bus 1691 8.5 1115 5.0 5916 16.5 3741 5.1 

Other 5365 3.0 8586 0.3 16,981 7.9 14,556 0.9 

Urbanicity

Urban 60,354 2.6 51,875 0.6 174,140 5.1 130,752 0.8 

Rural 12,985 3.9 9396 1.5 32,218 8.1 18,033 1.9 

Street location

Intersection 36,984 1.3 41,654 0.5 104,763 2.0 41,654 0.5 

Non-intersection 36,384 4.5 19,623 1.4 101,664 9.3 19,623 1.4 

Circumstances–pedestrians

Crossing 34,416 1.4 – – 101,974 2.9 – –

Dart out 18,411 1.5 – – 28,735 2.7 – –

Walk/run along roadway 4295 6.0 – – 16,415 10.1 – –

Unusual circumstances 3683 5.0 – – 16,791 6.5 – –

Other 12,249 4.5 – – 40,595 7.6 – –

Circumstances–cyclists – –

Intersection-motorist – – 6234 0.1 – –

Intersection-cyclist – – 11,200 0.1 – – 20,743 0.9 

Crossing paths – – 11,290 0.3 – – 23,961 0.3 

Midblock-cyclist – – 4645 0.8 – – 7047 1.1 

Motorist turn – – 6749 0.3 – – 23,323 0.3 

Other – – 21,076 1.0 – – 58,300 1.2 
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adult reference group. For crash circumstances and age, 
the greatest increased fatality risk for child pedestri-
ans was walking/running along roadway (RR = 2.03) and 
unusual circumstances (RR = 1.72) versus the adult refer-
ence group; however, this increase was only significant 
at α = 0.05 for children aged 10–19. For age by cyclist 
crash circumstances, compared to the adult reference 
group, the greatest increased fatality risk for children 
aged 10–19 was due to cyclist midblock-failure to yield 
(RR = 7.09) and other circumstances (RR = 5.41); for 
child cyclists aged 0–9, it was due to other circumstances 
(RR = 10.58).

Discussion
This study used fatal and nonfatal pedestrian and cyclist 
crash data from 2016 through 2020 to examine risk fac-
tors for younger children (aged 0–9) as compared with 
older children (aged 10–19), and to compare these two 
age groups with adults aged 20–29 and aged 30–39. Over-
all, we found that the fatality risk was greater for pedes-
trians involved in crashes compared to cyclists across all 
age groups, a finding consistent with previous reports 
(National Center for Statistics and Analysis 2020a, b). 
Consistent with research on pedestrian and cyclist injury 
risks across age groups based on health systems data, our 
analysis showed that children aged 10–19 had greater 
police-reported cyclist injury rates than other age groups 
in each year of our data, but both groups of child pedes-
trians had lower injury rates than adults aged 20–39. The 
present results align with prior reports from NHTSA that 
identify older adults as having greater pedestrian injury 
and fatality rates than children (National Center for Sta-
tistics and Analysis 2020a), and older children as having 
slightly greater cyclist injury and fatality rates than adults 

(National Center for Statistics and Analysis 2020b). 
While crash injuries decreased in 2020, fatality risk was 
highest in 2020 for both pedestrians and cyclists, which 
may be attributed to the disruption in healthcare services 
during the COVID-19 pandemic.

We found that dart-out crashes continue to be a unique 
hazard for the youngest pedestrians, consistent with pre-
vious research (Stevenson et  al. 2015). When compared 
to risks of adults aged 20–29 when crossing, child pedes-
trians aged 0–19 darting out had lower risk of crash fatal-
ity, but the risk was greater for child pedestrians aged 
10–19 walking/running along the roadway. A young child 
may dart out or run into the street to retrieve a toy or 
a ball or to cross the street with a lack of attention to 
the oncoming traffic. An older child may be cognitively 
capable of making traffic safety decisions, though they 
may misjudge speed, distance, and acceleration, and may 
engage in risky behaviors, such as walking while dis-
tracted or using their smartphones (Deluka-Tibljaš et al. 
2022). We also found that the fatality risk was increased 
for child cyclists aged 0–19 due to cyclist midblock-fail-
ure to yield. A report on all-age pedestrian and cyclist 
fatalities identifies failure to yield right-of-way as the 
most common pedestrian and cyclist behavior associated 
with fatalities (Coleman and Mizenko 2018). Other com-
mon risk factors include being in roadway improperly 
(e.g., standing, lying, working) and invisibility for pedes-
trian fatalities, and invisibility and failure to follow traffic 
signs or signals for cyclist fatalities (Coleman and Miz-
enko 2018).

As vehicle mass went up, the likelihood of fatality 
increased, which we would expect to find. Heavier vehi-
cles have been shown to have increased risk of mortal-
ity for pedestrians and cyclists (Tyndall 2021), though 

Fig. 1  Annual injury rates for a pedestrians and b cyclists by age group
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the effects of vehicle size are not consistent within and 
across age groups (Paulozzi 2005). It is not just the mass 
and unforgiving contact surfaces of these vehicles that 
creates the hazard for young children. As the U.S. vehicle 
fleet sees an increase in larger and taller light trucks and 
SUVs, front blind spots are making it increasingly diffi-
cult for drivers to see small children (Kaplan et al. 2022). 
This trend in increasing vehicle size has the potential to 
create further increased risks for vulnerable child road 
users in the future. However, a recent study on state-level 
pedestrian and cyclist fatalities demonstrated an inverse 
relationship between the number of vulnerable road 
users and pedestrian and bicyclist fatality, suggesting 
that there may be a ‘safety in numbers effect’ (Hafeez and 
Mehta 2021). This may be due to protective environmen-
tal factors, such as better infrastructure for walking and 
cycling, as well as increased awareness of vulnerable road 
users by motor vehicle drivers.

An important risk factor for vulnerable road users is 
higher speed, which increases the likelihood of being 
struck by a car and sustaining severe injuries (Tefft 2013). 
One report shows that most pedestrian deaths (60%) 
occur on high-capacity urban roads with posted speed 
limits of 45–55 miles per hour (Governors Highway 
Safety Association 2022). The driver of a fast-moving car 
has less time to respond to the pedestrian, and the dis-
tracted child pedestrian has less time to respond to the 
fast-coming car, thus increasing the risk of a severe injury 
or a fatal crash. Among children younger than age 15, 
speeding as a contributing factor of the pedestrian fatali-
ties has doubled from 6 to 12% between 2018 and 2020 
(Governors Highway Safety Association 2022), which 
warrants more attention. Also, the environmental condi-
tions to ensure safety for children may be different than 
for adults given their limited developmental capacity 
to perceive road and traffic threats and their small size, 

Table 3  Fatality risk ratios for pedestrians and cyclists crash injury by vehicle type and crash circumstances

Pedestrians aged 0–19 Cyclists aged 0–19 Pedestrians aged 0–39 Cyclists aged 0–39

RR 95% CI RR 95% CI RR 95% CI RR 95% CI

Age – – – –

20–29 – – – – 1.0 1.0

0–9 – – – – 0.51 (0.46, 0.55) 1.33 (1.04, 1.65)

10–19 – – – – 0.44 (0.44, 0.47) 0.86 (0.75, 0.98)

30–39 – – – – 1.25 (1.20, 1.29) 1.82 (1.61, 2.06)

Vehicle

Cars 1.0 1.0 1.0 1.0

Vans/utility vehicles/light trucks 1.57 (1.43, 1.71) 1.39 (1.15, 1.69) 1.27 (1.23, 1.32) 1.66 (1.48, 1.85)

Trucks/buses 3.60 (3.02, 4.24) 8.03 (5.91, 10.62) 3.27 (3.06, 3.48) 6.42 (5.44, 7.47)

Other 1.28 (1.08, 1.50) 0.52 (0.33, 0.75) 1.56 (1.47, 1.65) 1.13 (0.93, 1.35)

Urbanicity

Urban 1.0 1.0 1.0 1.0

Rural 1.49 (1.35, 1.64) 2.39 (1.96, 2.89) 1.59 (1.52, 1.66) 2.22 (1.96, 2.51)

Street location

Intersection 1.0 1.0 1.0 1.0

Non-intersection 3.45 (3.13, 3.83) 2.99 (2.50, 3.61) 4.62 (4.41, 4.83) 3.45 (3.10, 3.83)

Circumstances–pedestrians

Crossing 1.0 – – 1.0 – –

Dart out 1.08 (0.94, 1.25) – – 0.93 (0.85, 1.00) – –

Walk along roadway 4.19 (3.60, 4.85) – – 3.45 (3.25, 3.65) – –

Unusual circumstances 3.51 (2.97, 4.12) – – 2.23 (2.09, 2.39) – –

Other 3.17 (2.80, 3.57) – – 2.73 (2.59, 2.86) – –

Circumstances–cyclists

Intersection-motorist – – 1.0 – – 1.0

Intersection-cyclist – – 9.02 (4.45, 45.64) – – 6.61 (4.46, 11.32)

Crossing paths – – 3.87 (1.78, 19.88) – – 0.50 (0.27, 0.95)

Midblock-cyclist – – 11.01 (5.18, 53.68) – – 8.29 (5.26, 14.59)

Motorist turn – – 3.51 (1.47, 17.55) – – 2.01 (1.27, 3.48)

Other – – 12.36 (6.21, 60.93) – – 8.96 (6.13, 15.23)
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which makes them less visible to drivers. In an immersive 
pedestrian simulation, O’Neal et al. (2018) studied road-
crossing decisions of children at various ages relative to 
adults. They found that when confronted by a busy road, 
8% of children aged 6, 6% of those aged 8, and 5% of those 
aged 10 made crossing decisions that resulted in their 
being “hit.” Adults were never hit, while the 2% hit rate 
at aged 12 was not significantly different from the adult 
rate. Their study suggests that the long-standing rule that 
children under age 8 should not be allowed to walk alone 
[e.g., Nidirect (n.d)] may be too liberal.

Employing all Three Es of injury prevention (Christ-
offel and Gallagher 1999), Education, Enforcement, and 
Engineering, is necessary to decrease child pedestrian 
and cyclist injuries. Education may include teaching par-
ents, guardians, teachers, and providers on pedestrian 
and cycling about the United Kingdom’s green cross 
code or equivalent (Training 2023) and the difficulty 
children have in grasping its principles, as well as about 
roadway safety in general (e.g., using sidewalks, wearing 
a bicycle helmet, being visible and alert, obeying traffic 
rules, among other recommended behaviors) (National 
Center for Statistics and Analysis 2020a, b; National 
Highway Traffic Safety Administration 2008). Education 
and enforcement may also target driver behaviors, such 

as slowing down and yielding to pedestrians/cyclists, fol-
lowing speed limits, never driving under the influence of 
alcohol and/or drugs, and other recommended behav-
iors to ensure safety (National Center for Statistics and 
Analysis 2020a, b; Stevenson et  al. 2015). Parental and 
adult supervision encourages children to walk slowly 
and engage in less risky behavior (Deluka-Tibljaš et  al. 
2022). Further, engineering can support changes to the 
built environment, including measures such as build-
ing sidewalks and well-lit streets, reducing traffic speed 
and volume, and adding speed bumps and roundabouts 
to reduce injury (Cloutier et al. 2021), as well as features 
of the motor vehicle (e.g., backup cameras, blind-spot 
detection, lane departure technology, and advanced sen-
sor technology that can prevent collision).

Limitations
Our analysis is limited to police-reported data available 
through NHTSA. In our comparison of the nonfatal data 
included in this study with the Healthcare Cost and Uti-
lization Project (HCUP) hospitalization and emergency 
department visit data (data not presented as it is out-
side the scope of this study, but available upon request), 
we found that nonfatal pedestrian injuries are under-
reported by approximately 16% and cyclist injuries are 

Table 4  Fatality risk ratios from interactions of age and vehicle type and age and crash circumstances

RRs in italics are not significantly different from 1.0 at the α = 0.05 level

Pedestrians Cyclists

Aged 0–9 Aged 10–19 Aged 20–29 Aged 30–39 Aged 0–9 Aged 10–19 Aged 20–29 Aged 30–39

Vehicle

Cars 0.36 0.43 1.0 1.32 0.70 0.90 1.0 1.64

Vans/utility vehicles/light trucks 0.77 0.60 1.48 1.62 2.05 1.10 2.23 2.16

Trucks/buses 1.78 1.36 3.09 3.80 11.39 6.28 5.51 10.89

Other 0.70 0.49 1.51 1.89 1.73 0.41 2.00 3.05

Street location

Intersection 0.85 0.62 1.0 1.47 2.15 0.85 1.0 1.43

Non-intersection 2.10 2.40 5.66 6.46 2.41 2.99 3.22 6.01

Circumstances–Pedestrians

Crossing 0.69 0.42 1.0 1.48 – – – –

Dart out 0.51 0.52 1.34 1.91 – – – –

Walk along 1.58 2.03 3.39 4.32 – – – –

Unusual circumstances 1.38 1.72 2.31 2.30 – – – –

Other 1.99 0.69 2.84 3.09 – – – –

Circumstances–cyclists

Intersection-motorist – – – – 4.91 0.30 1.0 1.16

Intersection-cyclist – – – – 3.47 0.36 8.50 8.50

Crossing paths – – – – 2.62 1.73 3.17 3.17

Midblock-cyclist – – – – 2.77 7.09 13.81 13.81

Motorist turn – – – – 5.39 1.42 2.18 2.18

Other – – – – 10.58 5.41 6.39 10.96
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underreported by approximately 37% in NHTSA. Data 
linkage efforts to integrate police reports with hospi-
talization data, as well as Medical Insurance Claims 
databases, Emergency Medical Systems data, and Vital 
Statistics, are recommended to comprehensively under-
stand road safety (Cherry et  al. 2018). Further, NHTSA 
only captures police-reported crashes on public road-
ways. While the majority of pedestrian injuries involve 
on-roadway collision with vehicle (about 67%), most 
cyclist crashes occur off-roadway (about 71%), according 
to HCUP nonfatal data (data not presented as it is out-
side the scope of this study, but available upon request). 
Future research may study the differential risks of pedes-
trian and cyclist injuries on roadway versus off roadway. 
In the study, missingness was not a major concern; how-
ever, we did not attempt to impute missing data in any of 
the tables in this manuscript given the descriptive nature 
of the study.

FARS and CRSS are long-running surveillance sys-
tems, and our analysis included variables that have been 
collected over time. Most variables in these datasets are 
consistent over time and across datasets, but not all. A 
change in measuring vehicle mass in 2020 limits the anal-
ysis of the effects of vehicle mass on injury severity. The 
NHTSA Crash Investigation Sampling System database 
has more precise data on crash vehicle mass; however, it 
was not designed to capture data on injured vulnerable 
road users (Radja et  al. 2021). Our analysis did not fur-
ther probe the severity of injuries within CRSS. Future 
research may consider these injury risk factors as they 
relate to injury severity.

We acknowledge that road use and mobility patterns 
change across the age spectrum, but we were unable to 
quantify the number of Americans who were pedestri-
ans and cyclists on public roads by age. An exposure, 
like vehicle mile traveled (VMTs), to calculate injury 
rates would be beneficial, but there is no resource 
that quantifies VMTs for vulnerable road users to our 
knowledge. Our choice of decade of life as groups is an 
attempt to approximate equal populations at risk. We 
were unable to explore differential risk factors across 
age groups by race/ethnicity due to concerns about 
the racial/ethnic information in FARS (Glassbrenner 
et al. 2022). This study also did not account for socio-
economic status, such as poverty and employment, that 
can influence the risk of MVC involvement (Glassbren-
ner et al. 2022). While FARS provides detailed data to 
the level of county of the crash, no geographic informa-
tion beyond region is available in CRSS. Future research 
may expand on this work by augmenting NHTSA data 
with other data sources such as Census data to inves-
tigate risks for vulnerable road users based on social 
vulnerability index (Centers for Disease Control and 

Prevention 2023) or socioeconomic indictors of the 
local areas where they live, such as housing, poverty, 
unemployment, and transportation, to identify areas in 
need of resources and tailored interventions.

Conclusion
Among vulnerable pedestrians and cyclists, children 
experience differential injury risks due to their limited 
developmental capacity and their small size to perceive 
and avoid traffic crashes. Although adults have greater 
pedestrian and cyclist injury and fatality rates than chil-
dren, this is not to say that the risk is less for vulnerable 
child road users. Rather, our results illustrate the unique 
hazards for younger and older children and in relation 
to adults, including a greater proportion of pedestrian 
injuries related to darting out for younger children, and 
increased cyclist fatality risk for older children due to 
cyclist midblock-failure to yield. This study identifies risk 
factors that may be incorporated into practices and pro-
grams to improve safety for vulnerable road users, espe-
cially child pedestrians and cyclists who require proper 
supervision. Built environments that promote safety, 
such as road infrastructure (e.g., sidewalks, one-way 
streets, greater visibility), traffic calming features (e.g., 
speed bumps, roundabouts), and reinforcement of traf-
fic laws by all users (pedestrians, cyclists, and drivers) 
are also necessary to improve safety and prevent injuries 
among child pedestrians and cyclists.

Abbreviations
CI	� Confidence intervals
CRSS 	� Crash Report Sampling System
FARS 	� Fatality Analysis Reporting System
HCUP	� Healthcare Cost and Utilization Project
HHS 	� Health and Human Services
HRSA 	� Health Resources and Services Administration
IRB	� Institutional review board
MVC	� Motor vehicle crash
NHTSA 	� National Highway Traffic Safety Administration
RR	� Risk ratios
VMT	� Vehicle mile traveled

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s40621-​024-​00497-2.

Additional file 1. Table S1. Recategorization of pedestrian and cyclist 
crash type variables from FARS and CRSS. Table S2. Recategorization of 
FARS and CRSS vehicle type variables.

Acknowledgements
Not applicable.

Author contributions
DIS conceptualized and designed the study, carried out the initial analyses, 
and drafted the initial manuscript. BA drafted the initial manuscript and 
revised the manuscript. RH, JL, ER, and TRM critically reviewed and revised the 
manuscript. All authors have read and approved the final manuscript.

https://doi.org/10.1186/s40621-024-00497-2
https://doi.org/10.1186/s40621-024-00497-2


Page 10 of 11Swedler et al. Injury Epidemiology           (2024) 11:15 

Funding
This project is supported by the Health Resources and Services Administration 
(HRSA) of the U.S. Department of Health and Human Services (HHS) under 
the Child and Adolescent Injury and Violence Prevention Resource Centers 
Cooperative Agreement (U49MC28422) for US$5,000,000 with 0% financed 
with non-governmental sources. The information or content and conclusions 
are those of the authors and should not be construed as the official position 
or policy of, nor should any endorsements be inferred by, HRSA, HHS, or the 
U.S. Government.

Availability of data and material
The datasets used and analyzed in the current study are available through 
Fatality Analysis Reporting System (FARS) and Crash Report Sampling System 
(CRSS), https://​www.​nhtsa.​gov/​resea​rch-​data/​fatal​ity-​analy​sis-​repor​ting-​sys-
tem-​fars and https://​www.​nhtsa.​gov/​crash-​data-​syste​ms/​crash-​report-​sampl​
ing-​system, respectively.

Declarations

Ethics approval and consent to participate
This study did not meet the definition of human subjects research and there-
fore was not subject to IRB review.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 12 January 2024   Accepted: 29 March 2024

References
Abdel-Aty M, Chundi SS, Lee C. Geo-spatial and log-linear analysis of pedes-

trian and bicyclist crashes involving school-aged children. J Saf Res. 
2007;38(5):571–9. https://​doi.​org/​10.​1016/j.​jsr.​2007.​04.​006.

Asbridge M, Mann R, Cusimano MD, Tallon JM, Pauley C, Rehm J. Cycling-
related crash risk and the role of cannabis and alcohol: a case-crossover 
study. Prev Med. 2014;66:80–6. https://​doi.​org/​10.​1016/j.​ypmed.​2014.​06.​
006.

Asgarzadeh M, Verma S, Mekary RA, Courtney TK, Christiani DC. The role 
of intersection and street design on severity of bicycle-motor vehi-
cle crashes. Inj Prev. 2017;23(3):179–85. https://​doi.​org/​10.​1136/​injur​
yprev-​2016-​042045.

Blincoe LJ, Miller TR, Zaloshnja E, Lawrence BA. The economic and societal 
impact of motor vehicle crashes, 2010 (Revised). Washington, DC: 
National Highway Traffic Safety Administration; 2015. Report No.: DOT 
HS 812 013 https://​crash​stats.​nhtsa.​dot.​gov/​Api/​Public/​ViewP​ublic​ation/​
812013. Accessed 2 Jan 2024.

Blincoe L, Miller T, Wang J-S, Swedler D, Coughlin T, Lawrence B, et al. The 
economic and societal impact of motor vehicle crashes, 2019 (Revised). 
Washington, DC: National Highway Traffic Safety Administration; 2023. 
Report No.: DOT HS 813 403 https://​crash​stats.​nhtsa.​dot.​gov/​Api/​Public/​
ViewP​ublic​ation/​813403. Accessed 2 Jan 2024.

Centers for Disease Control and Prevention. CDC WISQARS, 2018–2020. 2022. 
https://​www.​cdc.​gov/​injury/​wisqa​rs/​fatal.​html. Accessed 10 Sept 2023.

Centers for Disease Control and Prevention. CDC/ATSDR social vulnerability 
index. 2023. https://​www.​atsdr.​cdc.​gov/​place​andhe​alth/​svi/​index.​html. 
Accessed 10 Sept 2023.

Cherry C, Hezaveh AM, Noltenius M, Khattak A, Merlin L, Dumbaugh E, et al. 
Completing the picture of traffic injuries: Understanding data needs and 
opportunities for road safety. Collaborative Sciences Center for Road 
Safety; 2018. https://​rosap.​ntl.​bts.​gov/​view/​dot/​62333. Accessed 27 Feb 
2024.

Christoffel T, Gallagher SS. Injury prevention and public health: practical 
knowledge, skills, and strategies. Gaithersburg: Aspen Publishers; 1999.

Cloutier M-S, Beaulieu E, Fridman L, Macpherson AK, Hagel BE, Howard AW, 
et al. State-of-the-art review: preventing child and youth pedestrian 
motor vehicle collisions: critical issues and future directions. Inj Prev. 
2021;27(1):77–84. https://​doi.​org/​10.​1136/​injur​yprev-​2020-​043829.

Coleman H, Mizenko K. Pedestrian and bicyclist data analysis. Washington, DC: 
National Highway Traffic Safety Administration; 2018. Report no.: DOT HS 
812 502 https://​rosap.​ntl.​bts.​gov/​view/​dot/​36726. Accessed 2 Jan 2024.

Deluka-Tibljaš A, Šurdonja S, Ištoka Otković I, Campisi T. Child-pedestrian traffic 
safety at crosswalks—literature review. Sustainability. 2022;14(3):1142. 
https://​doi.​org/​10.​3390/​su140​31142.

Fisa R, Musukuma M, Sampa M, Musonda P, Young T. Effects of interven-
tions for preventing road traffic crashes: an overview of systematic 
reviews. BMC Public Health. 2022;22(1):513. https://​doi.​org/​10.​1186/​
s12889-​021-​12253-y.

Glass NE, Frangos SG, Simon RJ, Bholat OS, Todd SR, Wilson C, et al. Risky 
behaviors associated with pediatric pedestrians and bicyclists struck by 
motor vehicles. Pediatr Emerg Care. 2014;30(6):409–12. https://​doi.​org/​10.​
1097/​pec.​00000​00000​000148.

Glassbrenner D, Herbert G, Reish L, Webb C, Lindsey T. Evaluating disparities in 
traffic fatalities by race, ethnicity, and income. Washington, DC: National 
Highway Traffic Safety Administration; 2022. Report No.: DOT HS 813 188 
https://​crash​stats.​nhtsa.​dot.​gov/​Api/​Public/​ViewP​ublic​ation/​813188. 
Accessed 2 Jan 2024.

Governors Highway Safety Association. Pedestrian traffic fatalities by state: 
2021 preliminary data (January–December). 2022. https://​www.​ghsa.​org/​
resou​rces/​Pedes​trian​s22. Accessed 27 Feb 2024.

Hafeez Z, Mehta M. What factors impact pedestrian and cyclist fatalities? A 
state level analysis. Inj Epidemiol. 2021;8(Suppl 1):35. https://​doi.​org/​10.​
1186/​s40621-​021-​00315-z.

Kaplan A, Lee J, Enoch J, Nguyen V. America’s cars and trucks are getting 
bigger, and so are their front blind zones. NBC News. 2022. https://​www.​
nbcne​ws.​com/​news/​us-​news/​ameri​cas-​cars-​trucks-​are-​getti​ng-​bigger-​
are-​front-​blind-​zones-​child​ren-​rcna5​2109. Accessed Jan 12, 2023.

Kwan I, Mapstone J. Interventions for increasing pedestrian and cyclist visibility 
for the prevention of death and injuries. Cochrane Database Syst Rev. 
2006. https://​doi.​org/​10.​1002/​14651​858.​CD003​438.​pub2.

McAdams RJ, Swidarski K, Clark RM, Roberts KJ, Yang J, McKenzie LB. Bicycle-
related injuries among children treated in US emergency departments, 
2006–2015. Accid Anal Prev. 2018;118:11–7. https://​doi.​org/​10.​1016/j.​aap.​
2018.​05.​019.

Mehan TJ, Gardner R, Smith GA, McKenzie LB. Bicycle-related injuries 
among children and adolescents in the United States. Clin Pediatr. 
2009;48(2):166–73. https://​doi.​org/​10.​1177/​00099​22808​324952.

Miller TR, Zaloshnja E, Lawrence BA, Crandall J, Ivarsson J, Finkelstein AE. 
Pedestrian and pedalcyclist injury costs in the United States by age and 
injury severity. In: 48th proceedings, association for the advancement of 
automotive medicine. Barrington, IL: AAAM; 2004. p. 265–84.

National Center for Statistics and Analysis. Pedestrians: 2020 data. Washington, 
DC: National Highway Traffic Safety Administration; 2022a. Report No.: 
DOT HS 813 310 https://​crash​stats.​nhtsa.​dot.​gov/​Api/​Public/​Publi​cation/​
813310. Accessed 2 Jan 2024.

National Center for Statistics and Analysis. Bicyclists and other cyclists: 2020 
data. Washington, DC: National Highway Traffic Safety Administration; 
2022b. Report No.: DOT HS 813 322 https://​crash​stats.​nhtsa.​dot.​gov/​Api/​
Public/​ViewP​ublic​ation/​813322. Accessed 2 Jan 2024.

National Center for Statistics and Analysis. Fatality analysis reporting system 
analytical user’s manual, 1975–2020. Washington, DC: National Highway 
Traffic Safety Administration; 2022c. Report No.: DOT HS 813 254. 
Accessed 2 Jan 2024.

National Highway Traffic Safety Administration. Crash report sampling system 
analytical user’s manual, 2016–2020. Washington, DC: National Highway 
Traffic Safety Administration; 2022. Report No.: DOT HS 813 236.

National Highway Traffic Safety Administration. Prevent pedestrian crashes: 
Parents and caregivers of elementary school children. Washington, DC: 
National Highway Traffic Safety Administration; 2008. Report No.: DOT 
HS 811 027 https://​www.​nhtsa.​gov/​sites/​nhtsa.​gov/​files/​811027.​pdf. 
Accessed 2 Jan 2024.

Nidirect. Road safety for seven to 11 year olds. n.d. https://​www.​nidir​ect.​gov.​
uk/​artic​les/​road-​safety-​seven-​11-​year-​olds. Accessed 12 Dec 2023.

O’Neal EE, Jiang Y, Franzen LJ, Rahimian P, Yon JP, Kearney JK, Plumert JM. 
Changes in perception-action tuning over long time scales: How children 

https://www.nhtsa.gov/research-data/fatality-analysis-reporting-system-fars
https://www.nhtsa.gov/research-data/fatality-analysis-reporting-system-fars
https://www.nhtsa.gov/crash-data-systems/crash-report-sampling-system
https://www.nhtsa.gov/crash-data-systems/crash-report-sampling-system
https://doi.org/10.1016/j.jsr.2007.04.006
https://doi.org/10.1016/j.ypmed.2014.06.006
https://doi.org/10.1016/j.ypmed.2014.06.006
https://doi.org/10.1136/injuryprev-2016-042045
https://doi.org/10.1136/injuryprev-2016-042045
https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/812013
https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/812013
https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/813403
https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/813403
https://www.cdc.gov/injury/wisqars/fatal.html
https://www.atsdr.cdc.gov/placeandhealth/svi/index.html
https://rosap.ntl.bts.gov/view/dot/62333
https://doi.org/10.1136/injuryprev-2020-043829
https://rosap.ntl.bts.gov/view/dot/36726
https://doi.org/10.3390/su14031142
https://doi.org/10.1186/s12889-021-12253-y
https://doi.org/10.1186/s12889-021-12253-y
https://doi.org/10.1097/pec.0000000000000148
https://doi.org/10.1097/pec.0000000000000148
https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/813188
https://www.ghsa.org/resources/Pedestrians22
https://www.ghsa.org/resources/Pedestrians22
https://doi.org/10.1186/s40621-021-00315-z
https://doi.org/10.1186/s40621-021-00315-z
https://www.nbcnews.com/news/us-news/americas-cars-trucks-are-getting-bigger-are-front-blind-zones-children-rcna52109
https://www.nbcnews.com/news/us-news/americas-cars-trucks-are-getting-bigger-are-front-blind-zones-children-rcna52109
https://www.nbcnews.com/news/us-news/americas-cars-trucks-are-getting-bigger-are-front-blind-zones-children-rcna52109
https://doi.org/10.1002/14651858.CD003438.pub2
https://doi.org/10.1016/j.aap.2018.05.019
https://doi.org/10.1016/j.aap.2018.05.019
https://doi.org/10.1177/0009922808324952
https://crashstats.nhtsa.dot.gov/Api/Public/Publication/813310
https://crashstats.nhtsa.dot.gov/Api/Public/Publication/813310
https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/813322
https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/813322
https://www.nhtsa.gov/sites/nhtsa.gov/files/811027.pdf
https://www.nidirect.gov.uk/articles/road-safety-seven-11-year-olds
https://www.nidirect.gov.uk/articles/road-safety-seven-11-year-olds


Page 11 of 11Swedler et al. Injury Epidemiology           (2024) 11:15 	

and adults perceive and act on dynamic affordances when crossing 
roads. J Exp Psychol Hum Percept Perform. 2018;44(1):18–26. https://​doi.​
org/​10.​1037/​xhp00​00378.

Oxley J, O’Hern S, Raftery S, Woolley J. How safe are children when transported 
by bicycle? Traffic Inj Prev. 2016;17(sup1):163–7. https://​doi.​org/​10.​1080/​
15389​588.​2016.​11998​66.

Paulozzi LJ. United States pedestrian fatality rates by vehicle type. Inj Prev. 
2005;11(4):232–6. https://​doi.​org/​10.​1136/​ip.​2005.​008284.

Plurad D, Demetriades D, Gruzinski G, Preston C, Chan L, Gaspard D, et al. 
Pedestrian injuries: The association of alcohol consumption with the type 
and severity of injuries and outcomes. J Am Coll Surg. 2006;202(6):919–
27. https://​doi.​org/​10.​1016/j.​jamco​llsurg.​2006.​02.​024.

Radja GA, Noh E-Y, Zhang F. Crash investigation sampling system 2021 
analytical user’s manual. Washington, DC: National Highway Traffic Safety 
Administration; 2022. Report No.: DOT HS 813 398 https://​crash​stats.​
nhtsa.​dot.​gov/​Api/​Public/​ViewP​ublic​ation/​813398. Accessed 2 Jan 2024.

Saadati M, Razzaghi A, Rezapour R, PourEbrahim K. Interventions for safety pro-
motion of pedestrians; a scoping review. J Transp Health. 2022;24:101277. 
https://​doi.​org/​10.​1016/j.​jth.​2021.​101277.

Schwebel DC, Davis AL, O’Neal EE. Child pedestrian injury: A review of behav-
ioral risks and preventive strategies. Am J Lifestyle Med. 2012;6(4):292–
302. https://​doi.​org/​10.​1177/​08850​66611​404876.

SP Training. The green cross code. 2023. https://​www.​sptra​ining​uk.​com/​green-​
cross-​code/. Accessed 12 Dec 2023.

Stevenson M, Sleet D, Ferguson R. Preventing child pedestrian injury: a guide 
for practitioners. Am J Lifestyle Med. 2015;9(6):442–50. https://​doi.​org/​10.​
1177/​15598​27615​569699.

Stoker P, Garfinkel-Castro A, Khayesi M, Odero W, Mwangi MN, Peden M, Ewing 
R. Pedestrian safety and the built environment: a review of the risk factors. 
J Plan Lit. 2015;30(4):377–92. https://​doi.​org/​10.​1177/​08854​12215​595438.

Tefft BC. Impact speed and a pedestrian’s risk of severe injury or death. Accid 
Anal Prev. 2013;50:871–8. https://​doi.​org/​10.​1016/j.​aap.​2012.​07.​022.

Tyndall J. Pedestrian deaths and large vehicles. Econ Transp. 2021;26–
27:100219. https://​doi.​org/​10.​1016/j.​ecotra.​2021.​100219.

U.S. Census Bureau. Methodology for the United States population estimates: 
Vintage 2021. 2021. https://​www2.​census.​gov/​progr​ams-​surve​ys/​popest/​
techn​ical-​docum​entat​ion/​metho​dology/​2020-​2021/​metho​ds-​state​ment-​
v2021.​pdf Accessed 12 Jan 2023.

U.S. Department of Agriculture. Rural–urban continuum codes. 2020. https://​
www.​ers.​usda.​gov/​data-​produ​cts/​rural-​urban-​conti​nuum-​codes/​docum​
entat​ion/. Accessed 12 Jan 2023.

U.S. Department of Transportation. U.S. department of transportation 
announces new guidance to improve safety for vulnerable road users 
under president’s bipartisan infrastructure law. (FHWA44–22 October 21, 
2022). 2022. https://​highw​ays.​dot.​gov/​newsr​oom/​us-​depar​tment-​trans​
porta​tion-​annou​nces-​new-​guida​nce-​impro​ve-​safety-​vulne​rable-​road-​
users. Accessed 24 Feb 2023.

Useche SA, Montoro L, Alonso F, Tortosa FM. Does gender really matter? A 
structural equation model to explain risky and positive cycling behaviors. 
Accid Anal Prev. 2018;118:86–95. https://​doi.​org/​10.​1016/j.​aap.​2018.​05.​
022.

Wheeler-Martin K, Mooney SJ, Lee DC, Rundle A, DiMaggio C. Pediatric emer-
gency department visits for pedestrian and bicyclist injuries in the US. Inj 
Epidemiol. 2017;4(1):31. https://​doi.​org/​10.​1186/​s40621-​017-​0128-5.

World Health Organization. Cycling and walking can help reduce physical 
inactivity and air pollution, save lives and mitigate climate change. 2022. 
https://​www.​who.​int/​europe/​news/​item/​07-​06-​2022-​cycli​ng-​and-​walki​
ng-​can-​help-​reduce-​physi​cal-​inact​ivity-​and-​air-​pollu​tion--​save-​lives-​and-​
mitig​ate-​clima​te-​change. Accessed 12 Dec 2023.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1037/xhp0000378
https://doi.org/10.1037/xhp0000378
https://doi.org/10.1080/15389588.2016.1199866
https://doi.org/10.1080/15389588.2016.1199866
https://doi.org/10.1136/ip.2005.008284
https://doi.org/10.1016/j.jamcollsurg.2006.02.024
https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/813398
https://crashstats.nhtsa.dot.gov/Api/Public/ViewPublication/813398
https://doi.org/10.1016/j.jth.2021.101277
https://doi.org/10.1177/0885066611404876
https://www.sptraininguk.com/green-cross-code/
https://www.sptraininguk.com/green-cross-code/
https://doi.org/10.1177/1559827615569699
https://doi.org/10.1177/1559827615569699
https://doi.org/10.1177/0885412215595438
https://doi.org/10.1016/j.aap.2012.07.022
https://doi.org/10.1016/j.ecotra.2021.100219
https://www2.census.gov/programs-surveys/popest/technical-documentation/methodology/2020-2021/methods-statement-v2021.pdf
https://www2.census.gov/programs-surveys/popest/technical-documentation/methodology/2020-2021/methods-statement-v2021.pdf
https://www2.census.gov/programs-surveys/popest/technical-documentation/methodology/2020-2021/methods-statement-v2021.pdf
https://www.ers.usda.gov/data-products/rural-urban-continuum-codes/documentation/
https://www.ers.usda.gov/data-products/rural-urban-continuum-codes/documentation/
https://www.ers.usda.gov/data-products/rural-urban-continuum-codes/documentation/
https://highways.dot.gov/newsroom/us-department-transportation-announces-new-guidance-improve-safety-vulnerable-road-users
https://highways.dot.gov/newsroom/us-department-transportation-announces-new-guidance-improve-safety-vulnerable-road-users
https://highways.dot.gov/newsroom/us-department-transportation-announces-new-guidance-improve-safety-vulnerable-road-users
https://doi.org/10.1016/j.aap.2018.05.022
https://doi.org/10.1016/j.aap.2018.05.022
https://doi.org/10.1186/s40621-017-0128-5
https://www.who.int/europe/news/item/07-06-2022-cycling-and-walking-can-help-reduce-physical-inactivity-and-air-pollution--save-lives-and-mitigate-climate-change
https://www.who.int/europe/news/item/07-06-2022-cycling-and-walking-can-help-reduce-physical-inactivity-and-air-pollution--save-lives-and-mitigate-climate-change
https://www.who.int/europe/news/item/07-06-2022-cycling-and-walking-can-help-reduce-physical-inactivity-and-air-pollution--save-lives-and-mitigate-climate-change

	Injury and fatality risks for child pedestrians and cyclists on public roads
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Background
	Methods
	Data sources
	Analysis

	Results
	Descriptive results
	Risk factors for pedestrian and cyclist injuries across age groups
	Interaction of age with risk factors

	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


