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Introduction

Car crashes are one of the leading causes of deaths among young people in the U.S. Young
drivers are disproportionately involved in crashes, and crash risk is highest in the months
immediately following licensure (before falling to adult levels between 1-2 years after license).
Young Novice drivers are especially vulnerable to crashes due to inexperience, lack of driving
skills, immaturity, among other factors (/—4). All 50 U.S. states have implemented Graduated
Driver Licensing (GDL) laws as the national strategy to reduce crashes, but young driver crashes
remain high. While GDL laws generally require teens to practice driving with supervision before
getting their junior licenses, also known as probationary licenses, and restrict driving after they
are licensed, specific requirements vary by state with mixed effects (5). Ohio, for example,
requires teens under age 18 years to complete 24 hours of classroom or online instruction and 8
hours of behind-the-wheel (BTW) professional driver training, in addition to 50 hours of
supervised practice (6). Meanwhile, Mississippi requires no driver’s education course or
instructed driving at a driving school.

Our prior work in Ohio has shown that young novice drivers who completed comprehensive
driver training requirements under GDL laws have lower crash rates immediately after licensure
than those aged out of GDL (those age 18, who had the highest crash rates of all new drivers
under age 25 years) (7-9). Similar GDL requirements and associated crash trends have been
observed in California (/0). However, not all crashes are equal. Severe crashes that result in
serious injuries and deaths exact a heavy toll on the victims and society. Furthermore, severe
crashes disproportionately affect young novice drivers (17, 12). While researchers have
identified socioeconomic, built environment, and behavioral factors that contribute to severe
crashes, including those that involve young drivers (/3—15), few have examined the relationship
between GDL-mandated driver education and driver training and severe crash outcomes. An
understanding of the relationship between GDL-mandated driver training and severe crashes is a
critical first step towards addressing an urgent transportation and public health issue. For
example, if GDL-mandated driver training is evidenced to reduce severe crashes among young
novice drivers early in licensure, then it would be crucial for policymakers to improve access to
GDL-mandated driver training to enhance safety for all road users.

In this paper, we address this gap by examining whether and how comprehensive driver’s
education and training requirements under GDL laws are associated with involvement in severe
crashes one year after licensure among young novice drivers. We restrict the crash observation
period to one year after licensure to ensure that the drivers were novices. We hypothesize that
young novice drivers who completed GDL-mandated driver training before time of licensure (i.e.
those <18 years of age) are less likely to be involved in severe crashes than those who did not
complete GDL-mandated driver training (i.e. those ages 18 to 24). We use the Chi-square test
and the binomial logit model to examine a unique dataset of linked driver licensing and crash
records of over 130,000 novice drivers in Ohio between 2017 and 2019.



Our study makes three contributions. First, it provides evidence for the effectiveness of GDL-
mandated driver training in reducing severe crashes early in licensure and thus informs states’
efforts to enhance young driver safety. Second, so far, the literature on this topic has mainly been
concerned with total crashes due to data limitations. Our study furthers the literature by focusing
on severe crashes. Third, the study found patterns in the timing of obtaining a driver’s license
among young novice drivers. These patterns present rich opportunities for future research.

Literature Review

Motor vehicle crashes remain one of the leading causes of death for adolescents and young
adults in the U.S. (16, 7). Drivers 16 to 19 years old averaged only half the national average
miles driven across all age groups, but had three times higher fatal crash rate per mile driven than
older drivers (18, 19). Notably, the majority of fatalities among 16- to 19-year-old passenger
vehicle occupants occurred in vehicles driven by teenagers themselves, underscoring the acute
safety challenges faced by young novice drivers (/8). Young novice drivers, particularly those
under 25, are at heightened risk due to limited driving experience, developmental factors, and
increased exposure to risky behaviors (7, 3, 4, 20). This risk is particularly elevated during the
first months following licensure (21, 22).

In an attempt to reduce young driver crashes, all 50 U.S. states have implemented GDL systems,
which introduce driving privileges in phases and commonly include requirements such as
supervised practice and sometimes formal driver education. As of 2023, 31 states mandate
behind-the-wheel (BTW) training with certified instructors, and 41 states require adult-
supervised practice for license applicants under 18 (23). While the effectiveness of driver
training has long been debated (5, 24, 25), more recent research highlights the synergistic
benefits of comprehensive GDL systems that incorporate driver training in improving skill
acquisition and reducing crash risks (7, 10, 26, 27). In Ohio, for instance, teen drivers who
completed GDL-mandated training demonstrated higher on-road exam pass rates (7), performed
better in specific new driving skill domains (28), and had lower crash rates drivers licensed at
age 18 years who were not beholden to GDL (7). While much of the existing literature focuses
on overall crash incidence, less attention has been paid to severe crashes. From a public health
standpoint, these events pose the greatest burden on individuals, families, and healthcare
systems, and thus warrant focused prevention efforts.

Although existing studies have established links between GDL, driver training, and crash
involvement, few have disaggregated crash severity or systematically examined subgroups
defined by training status, age at licensure, and neighborhood context. In particular, the
difference between those in Ohio driving under GDL with mandated training and with an
probationary license before age 18 and those age 18 who are outside of GDL requirements and
driving with an unrestricted adult license represents a key policy threshold that remains
underexplored. This age-based distinction may have important implications for training uptake



and subsequent crash outcomes. By focusing specifically on severe crashes occurring within one
year of licensure, and by linking a large administrative dataset to examine how age,
comprehensive licensing laws, and geography interact to shape crash risks among young novice
drivers, this study contributes new insights into the public health implications of licensing
policies.

Study Context and Conceptual Framework

Study area

We focus on the State of Ohio for three main reasons. First, the close partnership of our research
team with the Ohio Traffic Safety Office has allowed us to access extensive licensing data for
Ohio drivers and link the licensing data with traffic crash data. Second, Ohio’s comprehensive
GDL laws require teens under 18 to complete BTW driver training with a paid, certified
instructor to receive a probationary license, where many other states do not (23). Thus, Ohio’s
GDL laws provide an opportunity for a natural experiment to study the effect of comprehensive
GDL requirements that include driver education and BTW training on severe crash risks. Third,
Ohio encompasses a wide range of typologies, including dense urban areas (e.g., Cleveland and
Columbus), suburban areas, and rural areas. This diverse context makes Ohio an interesting
study area for investigating how the relationship between GDL-mandated driver training and
involvement in severe crashes may vary across geographies. States with similar typological
mixes might also find our findings relevant to their local contexts.

Ohio GDL laws

In the state of Ohio, individuals under 18 follow a GDL system—a three-stage process designed
to ease novice drivers increasing levels of driving responsibility. The process begins with a
Temporary Instruction Permit Identification Card (TIPIC), which teens may obtain at age 15.5
after passing a written knowledge test and vision screening. The TIPIC is valid for one year,
during which teens must hold the permit for at least six months and complete key training
requirements before taking the licensing on-road exam: 24 hours of classroom education, 8 hours
of behind-the-wheel BTW instruction, and 50 hours of supervised driving (including 10 hours at
night) with a parent or guardian.

After meeting these requirements and passing the ORE, teens are issued a probationary license,
which imposes restrictions on driving (e.g. no nighttime driving, a limited number of passengers)
to reduce crash risk. Only at 18 do drivers become eligible for a full, unrestricted license,
assuming a clean record.

For the purposes of this analysis, we refer to licensure before age 18 as obtaining a probationary
license under the GDL system, which requires mandatory driver education and BTW training,
and imposes driving restrictions. Licensure at or after age 18 corresponds to a full, unrestricted
adult license, for which Ohio law does not require GDL or BTW training. However, applicants



ages 18 and above who fail the on-road exam must complete an abbreviated adult driver
education course before attempting the ORE again. This abbreviated education course is most
often an online knowledge course.

Analysis roadmap

We conducted two statistical analyses to examine whether and how comprehensive driver’s
education and training requirements under GDL laws are associated with involvement in severe
crashes one year after licensure among young novice drivers. We summarize the analysis
methods here before delving into details of the data, driver groups, and the statistical analyses in
the following sections. In the first analysis, we used Pearson’s Chi-square test to examine the
association between a binary severe crash variable that indicates whether a driver was involved
in a severe crash one year after licensure and four driver groups based on the driver’s completion
of GDL-mandated driver training and licensing pathway. To better understand the effect of GDL-
mandated driver training on involvement in severe crashes, in the second analysis, we used the
binomial logit regression model to test how involvement in severe crashes differs between
drivers who completed GDL-mandated driver training before obtaining a driver’s license and
those who did not.

Methods
Chi-square test

We used the Chi-square test to examine the association between the categorical variables of
driver groups (4, varying by GDL completion) and involvement in severe crashes (binary) in the
first year of licensure. We explain the data and variables in greater detail in the Data section
below. The Chi-square test was conducted using the gmodels package in R (29).

Binomial logit regression

We also used the binomial logit model to test the hypothesis that young novice drivers who
completed GDL-mandated driver training before time of licensure (i.e. those <18 years of age)
are less likely to be involved in severe crashes than those who did not complete GDL-mandated
driver training (i.e. those age 18 and above).

There were fewer than 100 drivers in the dataset (n = 133,273) who were involved in severe
crashes one year after licensure. To correct for potential small sample bias, we also estimated
Firth’s penalized logistic regression. The output was comparable to that from the regular
binomial logit models. For simplicity, we reported the output from the regular binomial logit
models. Binomial logit models were estimated in R.

Data



Licensing and crash data

This study utilizes Ohio’s administrative Bureau of Motor Vehicles (BMV) licensing database
and police-reported crash database from January 2017 to December 2019, obtained through an
agreement between the Ohio Department of Public Safety and the Children’s Hospital of
Philadelphia (CHOP). A data operations team at the Children’s Hospital of Philadelphia prepared
deidentified data tables in accordance with data privacy agreements between Ohio and CHOP
(see (7) for more detail). All personally identifiable and locational information was removed
prior to researcher access. Figure 1 illustrates the multi-source data integration process used to
construct the analytic dataset.

Licensing tables included each driver’s de-identified customer identifier, sex (male/female),
permit and licensure dates (converted to age in days), driver training completion age (in days),
ORE results and age (in days). To classify drivers into licensing pathway subgroups, we
constructed derived variables indicating age at first permit and first license (in days), pass/fail
outcome on the first ORE attempt, and a binary indicator of whether the driver completed driver
training prior to licensure.

Crash records included hierarchical data at the crash-, unit-, and person-levels, with nested
identifiers allowing linkage across levels. We extracted and processed the person-level files,
retaining only records for individuals marked as “drivers” and matched to licensing records
through the de-identified customer identifiers. Key variables included crash severity, driver
gender, and exact age (in days) at the time of the crash. Crashes were filtered to retain only fatal
and serious injury crashes that occurred within 365 days of each individual’s first licensure date,
ensuring a consistent post-licensure exposure window. Fatal and serious injury crashes were
identified using the field “crash severity” in the traffic crash report data. According to the Ohio
Department of Public Safety’s definitions (30), a fatal crash in the crash record was one in which
at least one person died within 30 days of the incident, and a serious injury crash—also referred
to as “suspected serious injury”—was any non-fatal injury that prevents the person from
walking, driving, or performing activities they were capable of before the crash, such as broken
limbs, unconsciousness, severe lacerations, or hospitalization.

We then merged the de-identified licensing and crash datasets using the deidentified customer
identifiers, resulting in an integrated longitudinal dataset of 133,273 unique novice under-25
drivers who could be categorized into one of the four defined licensing subgroups (see Driver
Groups section). We identified and counted all serious injury and fatal crashes within one year
post first licensure using age variables. For drivers who did not appear in the crash data, we
inferred the absence of a recorded serious or fatal crash within the observation period (2017-19).
Because of the low incidence of such crashes, we combined serious injury and fatal crash events
into a single binary outcome variable indicating whether a driver was involved in one or more
severe crashes during the first year of independent driving.
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Figure 1 Data integration and variable construction
Driver groups

The legal distinctions between GDL-based probationary licensure and unrestricted adult
licensure form the basis for our subgroup classifications and underscore the relevance of age-
specific policies in shaping young driver behavior and crash risk. For the Chi-square test, we
categorized the drivers into four groups based on drivers’ ORE records, GDL-mandated driver
training completion status, and age of receiving a driver’s license. The classification ensured that
drivers’ licensing pathways were comparable within each group and distinct across groups.
Figure 2 shows the categorization process of the driver groups. The four driver groups are
described as follows.

Group A (N = 72,024): Drivers completed the GDL-mandated driver training for teens,
passed the on-road exam on the first attempt, received probationary licenses, and were
subject to GDL driving restrictions post-licensure until they turned 18 (37)



e Group B (N = 22,285): Drivers completed the GDL-mandated driver training for teens
but failed the on-road exam on the first attempt. They passed the exam later either before
or after turning 18. Compared to the other groups, the sample size of those in Group B
who received licenses after turning 18 is very small (N = 780). Thus, we decided not to
further split Group B into two distinct groups by their age of licensure.

e  Group C (N = 23,977): Drivers did not take the GDL-mandated driver training and took
the ORE for full licensure after 18 years old (including those who received their first
permit slightly before 18 to initiate the licensing process). They passed the ORE on the
first attempt and had no GDL restrictions on driving post-licensure.

e Group D (N = 14,898). Drivers did not take the GDL-mandated driver training and took
the ORE for full license after 18 years old (including those who received their first permit
slightly before 18 to initiate the licensing process). They did not pass the ORE on the first
attempt, took the abbreviated driver education as required, and passed the ORE at later
attempts. They did not have any GDL restrictions on driving post-licensure.

Young Novice Drivers Licensed Under
25 Years Old (2017-19)

[

Aimed for Licensing
After 18

Aimed for Licensing
Before 18

GDL Reqyirements:
DE and BTW training

First On Road Exam
(=18)

Passed Passed
Failed Failed

Abbreviated Adult Programs

Group A: Licensed Group C: Adult Licensing (No (Mandategi Training)
Before 18 GDL and BTW training)
Group B: Licensed After Group D: Adult Licensing with
Retrying (<18 or > 18) Abbreviated Education

Figure 2 Workflow of driver group classification

For the binomial logit analysis, we reclassified the drivers into two groups based on their GDL-
mandated driver training completion, ORE records, and timing of obtaining a temporary permit
and a driver’s license. As explained above, Ohio’s GDL laws require teens to hold a temporary
permit for at least 6 months before taking the ORE and obtaining a probationary license. While
adults over 18 are required to obtain a temporary permit before taking the ORE, they are not
subject to any permit-holding period requirements (e.g. they can obtain the permit and attempt
the ORE on the same day). The different requirements by age mean that drivers under 18 could
have greater exposure to driving under GDL laws before obtaining a license than those who are
over 18 and not under restriction. The uneven exposure as a result of the permit-holding
requirement and restricted driving requirements for teens could confound the effect of GDL-



mandated driver training on severe crash risks post-licensure. However, we do not have access to
exposure data to incorporate into this study. To ensure comparable exposure in the permit period,
we reclassified the drivers into two groups:

e Driver Training Group (N = 72,024): This group is identical to Group A above. It
includes drivers who completed the GDL-mandated driver training, passed the on-road
exam on the first attempt, received probationary licenses, and were subject to GDL
driving restrictions post-licensure until they turn 18.

e No Training Group (N = 1,825): This group is a subset of Group C above. Drivers
received temporary permits between the ages 17 and 17.5, did not complete GDL-
mandated driver training, took the ORE for full licensure after 18 years old, passed the
ORE on the first attempt, and received driver’s license between the ages 18 and 18.5.

Thus, the classification helps to control for exposure to driving in the learner permit. Drivers in
the two groups were also comparable in terms of passing the ORE on the first attempt. We used
this grouping in the binomial logit analysis to more effectively parse out the impact of GDL-
mandated driver training on involvement in severe crashes.

Neighborhood characteristics

We integrated neighborhood-level characteristics to account for contextual factors that may
influence individual licensing pathways and crash outcomes. Prior research has shown that both
financial and spatial barriers to driver training are associated with lower rates of GDL
participation among young drivers (32—34). Incorporating these contextual layers supports a
more comprehensive understanding of the structural and spatial factors that shape teen driver
safety and mobility.

Ohio BMV data included home address at the time of licensure. In accordance with data privacy
protocols, the CHOP data operations team geocoded these addresses and spatially joined them to
Census tract boundaries using the 2018 TIGER/Line shapefiles from the Census Bureau (Figure

1). All personally identifiable and locational information was removed prior to researcher access
to ensure confidentiality.

Using the Census tract geographic identifiers, we linked each driver to neighborhood-level data
from the 2018 American Community Survey 5-Year Estimates. Key variables included median
household income and an urban-rural classification based on whether the tract intersected a
Census—defined urbanized area. These variables served as proxies for individual economic and
environmental context, allowing us to explore how neighborhood-level conditions might be
associated with young drivers’ licensing pathways and crash outcomes.

To assess spatial accessibility to driver training, we created a geographic measure of travel time
to the nearest certified training provider, following methodologies established in prior research
(34, 35). First, we retrieved provider names and locations from the Ohio Department of Public
Safety’s public directory as of December 2021 (36) and geocoded the addresses using the Google



Maps Platform APIs. We used the R5r package in R (37), an open-source routing package, to
estimate realistic driving times from all Ohio Census tracts to the nearest provider.

RESULTS
Sample Characteristics

Table 1 shows the summary statistics of drivers’ sex and their home Census tracts’
socioeconomic conditions by driver group. A subset of young drivers (N = 10,803; 8.1%) lacked
valid Census tract identifiers due to missing or unmatchable geocoded address data, which
prevented the assignment of spatial and economic context. A Wald test indicates that the
availability of tract-level information is not significantly associated with involvement in severe
crashes, reducing concern about potential selection bias. The proportion of drivers missing tract
data is similar across groups (5.8-8.8%). In each driver group, most drivers lived in urban Census
tracts. Drivers who completed GDL-mandated driver training appear to be more likely to reside
in higher income Census tracts (Groups A and B) (32, 34).

Table 1 Driver characteristics by driver group

Group | Variable Percentage Mean Maximum Minimum Standard
Deviation

Male 50.88
Female 49.12
Urban 90.42
Non-urban 9.58

4| Median household 71,884 250,001 7,980 29,938
income (dollars)
Mean travel time to
nearest driving 9.53 69.1 2.05 5.12
school (minutes)
Male 46.59
Female 53.41
Urban 92.18
Non-urban 7.82

B | Median household 70,919 250,001 8,333 30,291
income (dollars)
Mean travel time to
nearest driving 9.04 69.1 2.05 4.78
school (minutes)
Male 55.51
Female 44.49
Urban 94.59
Non-urban 5.41

€ | Median household 50,673 191,125 3,998 23,001
income (dollars)
Mean travel time to
nearest driving 8.8 69.1 2.05 4.78
school (minutes)

D Male 50.21




Female

49.79

Urban

96.23

Non-urban

3.77

Median household

income (dollars) 49,874

250,001 3,998 23,555

Mean travel time to
nearest driving
school (minutes)

8.31 38.6 2.05 4.19

In Figure 3, we plotted the time points of when drivers obtained their first leaner permit and first
license across age groups, to illustrate how drivers under age 18 have longer minimum learner
permit holding periods, whereas drivers over age 18 can obtain both permit and licensing in a
short period of time (sometimes the same day).
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Figure 3 Age of obtaining first temporary permit and first driver’s license

Association between involvement in severe crashes and GDL training

The Chi-square statistic (X? = 226, degree of freedom = 3) indicated that driver group and
involvement in severe crashes were significantly associated (p < 0.001). The standardized
residuals indicated that the overall association between driver groups and involvement in severe
crashes was primarily driven by the lower-than-expected number of drivers who were involved
in severe crashes in Groups A and B, and the higher-than-expected number of drivers who were
involved in severe crashes in Groups C and D. In Groups A and B, 89 and 37 drivers were
involved in severe crashes when 195 and 60 were expected, respectively (standardized residuals
=-7.58 and -2.99, respectively). Meanwhile, in Groups C and D, 148 and 86 drivers were
involved in severe crashes respectively when only 65 and 40 were expected (standardized
residuals = 10.342 and 7.213, respectively). The analysis found no significant contribution from
drivers that were not involved in severe crashes within each driver group.

Overall, the findings indicated that Groups A and B, whose drivers took GDL-mandated driver
training, had significantly fewer-than-expected drivers with severe crashes post-licensure,



whereas Groups C and D, whose drivers did not take GDL-mandated driver training, had
significantly more-than-expected drivers with severe crashes.

Effect of GDL-mandated training

We estimated two binomial logit regression models to test how involvement in severe crashes
differ between the Driver Training Group and the No Training Group. In both models, the
dependent variable was the binary indicator of involvement in a severe crash post-licensure.
Model 1 included driver groups as the only independent variable. Model 2 included driver’s sex,
and the median household income, distance to driving school, and urban classification of the
driver’s home Census tract, in addition to driver groups. We converted median household income
to the logarithm scale to facilitate the interpretation of the coefficient. We also tested the age
when drivers received their first license. This variable was too closely related to driver group
membership and was excluded from the reported models. Table 2 shows the output from the two
binomial logit models. In both models, the reference category was drivers not involved in severe
crashes.

Table 2 Output from binomial logit models

Model 1 Model 2
Variable (reference category)
Coefficient (S.E.)
Intercept -5.353*** (0.354) 0.004 (2.978)
Driver group (No GDL training)

GDL training -1.333*** (0.371) -1.193** (0.378)
Sex (Female)

Male 0.348 (0.216)
Median household income (log) -0.508 (0.268)
Travel time to nearest driving school 0.009 (0.021)
(mins)

Urban area (No)

Yes -0.172 (0.364)
AIC 1,366.3 1,366.8
BIC 1,384.5 1,421.5
Log Likelihood -681.1 -677.4

Both models indicated that drivers who completed GDL-mandated driver training at the time of
licensure had significantly lower probabilities of being involved in severe crashes post-licensure.
On average, drivers who completed GDL-mandated driver training had approximately 70%
lower odds of being involved in severe crashes one year after licensure (the exponentiated
coefficients for GDL training, -1.333 and -1.193, minus one). Hypothetically, older novice
drivers who did not complete GDL-mandated driver training and have unrestricted licenses (i.e.
possibly greater exposure to higher risk driving situations) likely have lower likelihood of
crashing due to greater maturity than younger novice drivers without GDL-mandated driver



training. Thus, it is likely that the coefficients for GDL training underestimated the crash
reduction effects of GDL-mandated driver training.

The median household income of the driver’s home Census tract had a negative association with
involvement in severe crashes. On average, each one percent increase in median household
income corresponded to 0.5% lower odds of being involved in severe crashes one year post-
licensure, all else being equal. This association is marginally significant.

Model 2 found no statistically significant associations between severe crash involvement and
drivers’ sex, travel time to the nearest driving school from the driver’s home Census tract, and
urban typology of the driver’s home Census tract.

Model 1 that included only GDL training had a better fit than Model 2 with control variables, as
indicated by Model 1’s smaller AIC and BIC statistics. This finding confirmed that GDL training
played a more significant role than individual drivers’ sex and the neighborhood-level risk
factors.

Discussion

Our findings reveal significant associations between involvement in severe crashes and whether
young novice drivers completed GDL-mandated driver training. Among young drivers who
completed GDL-mandated driver training, there were significantly fewer-than-expected drivers
with severe crashes, regardless of whether the driver passed the ORE on the first attempt.
Meanwhile, there were significantly more drivers than expected with severe crashes among
young drivers who did not complete GDL-mandated driver training. These effects remained even
when controlling for neighborhood-level factors.

Policy implications

Prior research has found that comprehensive GDL laws that mandate formal driver training in
Ohio and California are associated with lower crash risks among young drivers without
distinguishing crash severity (7, 10). Our findings advance understanding by showing that GDL
including mandated driver training was associated with less involvement in severe crashes early
in licensure, when crash risk is highest (7). The results suggest that comprehensive GDL laws
that include requirements for professional BTW training may reduce severe crashes and improve
road safety. Currently, only 31 states in the U.S. mandate some form of formal BTW driver
training for teen drivers before obtaining a probationary license. Furthermore, state-funded BTW
training programs in schools have dwindled since the 1980s. While this study could not fully
isolate the effect of BTW training from all other GDL features, it provides further evidence that
training may be the most modifiable risk factor for young novice driver crashes.

One obstacle to studying driver training’s effect on young driver crash risks is the uneven
exposure to driving before obtaining a driver’s license. Teen drivers are required by GDL laws to



hold a temporary permit for at least 6 months before obtaining a probationary license.
Meanwhile, our data shows that most adults over 18 years old, who are no longer subject to the
GDL program, took the on-road exam and obtained a driver’s license shortly after obtaining a
temporary permit (Figure 3). Our licensing data enabled us to select a subset of drivers with
comparable exposure to driving pre-licensure. This advantage allowed us to more effectively
isolate the effect of GDL-mandated driver training on reducing involvement in severe crashes
than in prior work (7). Current work is underway to more rigorously examine the effect of BTW
driver training on crash risk early in licensure, via a random assignment trial, conducted by
CHOP in Pennsylvania.

Prior research has shown that some teens face financial and travel barriers to formal driver
training and may even have to forgo employment and educational opportunities that are afforded
by a driver’s license (32, 34). Our findings of GDL-mandated driver training’s benefits to
enhancing safety for young novice drivers provide further justification for policymakers in states
that require mandatory driver training to design targeted interventions, such as financial
assistance programs, to improve access to driver training. Furthermore, our findings from a state
with comprehensive GDL policies should remind officials in states with less stringent GDL laws
to examine their GDL programs’ effectiveness in reducing severe crashes among young novice
drivers and update the programs accordingly.

Research implications

Our study reveals several noteworthy patterns for further research when data becomes available.
Firstly, completion of GDL-mandated driver training played a more significant role in young
novice drivers’ severe crash involvement than drivers’ sex and their neighborhood-level risk
factors. We tested additional models with only the control variables and found that median
household income and sex were significantly and marginally correlated with severe crash
involvement, respectively. That these variables became less significant with the inclusion of
GDL-mandated driver training completion suggests that the effects of these risk factors might be
mediated by GDL with mandated driver training. When possible, researchers should consider the
impact of driver training in individual-level crash analysis as it could improve the explanatory
power of models that only include drivers’ individual characteristics.

Secondly, we observed in Figure 3 that some teens elected to obtain a temporary permit shortly
before turning 18 and then obtain a regular driver’s license after 18 before the permit expires.
This licensing pathway would allow teens to drive under the restrictions of a temporary permit
until they age out of GDL, thus forgoing GDL-mandated driver training before obtaining a full
license. Future research should examine whether teens who follow this pathway face barriers to
formal driver training, and the effect of this pathway on teen driver skill acquisition and crash
risks.

Lastly, we observed that among drivers who completed GDL-mandated driver training, those
who obtained their probationary driver’s license between 16 and 17 had lower severe crash rates



than those who obtained their license between 17 and 18. Under Ohio’s GDL laws, those who
received probationary licenses between 16 and 17 would still be under driving restrictions during
the one-year post-licensure crash observation window. Meanwhile, at least some of those who
received probationary licenses between 17 and 18 would have aged out of GDL and were no
longer under restrictions during the one-year post-licensure period. Due to data limitation, we
were unable to determine how much of the difference in severe crash rates can be attributed to
driving restrictions. When data becomes available, researchers should consider identifying
factors that could contribute to the differences in severe crash risks between younger and older
novice drivers.

Limitations

The current study has four limitations due to data availability. First, we used Census tract data as
indirect measures of individual financial and environmental context conditions as the Ohio
licensing data did not have direct measures of this. Relatedly, a subset of individuals lacked valid
Census tract identifiers, preventing us from assigning spatial and economic characteristics,
however this was a small percentage. Although we conducted statistical tests to evaluate
potential selection bias, the possibility remains that missing tract data are associated with key
outcomes such as crash involvement. Furthermore, Census tract characteristics were assigned
based on the address at the time of licensure. We could not verify whether drivers moved after
licensure. Second, taking GDL-mandated driver training before 18 is a personal choice. It is
possible that at least some of the teens who chose to fulfill the GDL requirements and obtain
early licensure were more safety conscious than those who decided to wait until 18 for licensure
without GDL training. The current data does not allow us to investigate how safety awareness
contributed to the different crash outcomes across age groups. Third, some exposure
heterogeneity may exist within our defined subgroups due to the absence of licensing and crash
year variables for privacy protection. Drivers’ actual exposure to GDL restrictions likely varied
depending on their specific age at licensure and the calendar year during which they entered the
system. Without detailed timing data, we could not determine which drivers aged out of GDL
restrictions during the crash observation window. Finally, while we measured crash involvement
within one year post-licensure, we were unable to account for differences in driving frequency,
mileage, vehicle access, or road conditions: to the best of our knowledge, no vehicle miles
travelled exposure data is broken down in age groups smaller than 15-19 years.

Conclusion

Severe crashes among young novice drivers are an urgent public health issue. We find significant
associations between the completion of comprehensive GDL laws that include driver training
requirements and involvement in severe crashes among young novice drivers in the first year of
licensure, when crash risk is highest. Young novice drivers who had completed GDL-mandated
driver training at the time of licensure were less likely to be involved in severe crashes than those



who did not complete GDL-mandated driver training. Our findings serve as a reminder for

officials that there should be more urgency to allow teens access to GDL-required driver

education and training during their critical developmental period to reduce severe crashes

immediately post-licensure.
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	Introduction 
	Car crashes are one of the leading causes of deaths among young people in the U.S. Young drivers are disproportionately involved in crashes, and crash risk is highest in the months immediately following licensure (before falling to adult levels between 1-2 years after license). Young Novice drivers are especially vulnerable to crashes due to inexperience, lack of driving skills, immaturity, among other factors (1–4). All 50 U.S. states have implemented Graduated Driver Licensing (GDL) laws as the national s
	Our prior work in Ohio has shown that young novice drivers who completed comprehensive driver training requirements under GDL laws have lower crash rates immediately after licensure than those aged out of GDL (those age 18, who had the highest crash rates of all new drivers under age 25 years) (7–9). Similar GDL requirements and associated crash trends have been observed in California (10). However, not all crashes are equal. Severe crashes that result in serious injuries and deaths exact a heavy toll on th
	In this paper, we address this gap by examining whether and how comprehensive driver’s education and training requirements under GDL laws are associated with involvement in severe crashes one year after licensure among young novice drivers. We restrict the crash observation period to one year after licensure to ensure that the drivers were novices. We hypothesize that young novice drivers who completed GDL-mandated driver training before time of licensure (i.e. those <18 years of age) are less likely to be 
	Our study makes three contributions. First, it provides evidence for the effectiveness of GDL-mandated driver training in reducing severe crashes early in licensure and thus informs states’ efforts to enhance young driver safety. Second, so far, the literature on this topic has mainly been concerned with total crashes due to data limitations. Our study furthers the literature by focusing on severe crashes. Third, the study found patterns in the timing of obtaining a driver’s license among young novice drive
	 
	Literature Review 
	Motor vehicle crashes remain one of the leading causes of death for adolescents and young adults in the U.S. (16, 17). Drivers 16 to 19 years old averaged only half the national average miles driven across all age groups, but had three times higher fatal crash rate per mile driven than older drivers (18, 19). Notably, the majority of fatalities among 16- to 19-year-old passenger vehicle occupants occurred in vehicles driven by teenagers themselves, underscoring the acute safety challenges faced by young nov
	In an attempt to reduce young driver crashes, all 50 U.S. states have implemented GDL systems, which introduce driving privileges in phases and commonly include requirements such as supervised practice and sometimes formal driver education. As of 2023, 31 states mandate behind-the-wheel (BTW) training with certified instructors, and 41 states require adult-supervised practice for license applicants under 18 (23). While the effectiveness of driver training has long been debated (5, 24, 25), more recent resea
	Although existing studies have established links between GDL, driver training, and crash involvement, few have disaggregated crash severity or systematically examined subgroups defined by training status, age at licensure, and neighborhood context. In particular, the difference between those in Ohio driving under GDL with mandated training and with an probationary license before age 18 and those age 18 who are outside of GDL requirements and driving with an unrestricted adult license represents a key policy
	and subsequent crash outcomes. By focusing specifically on severe crashes occurring within one year of licensure, and by linking a large administrative dataset to examine how age, comprehensive licensing laws, and geography interact to shape crash risks among young novice drivers, this study contributes new insights into the public health implications of licensing policies. 

	 
	Study Context and Conceptual Framework 
	Study area 
	We focus on the State of Ohio for three main reasons. First, the close partnership of our research team with the Ohio Traffic Safety Office has allowed us to access extensive licensing data for Ohio drivers and link the licensing data with traffic crash data. Second, Ohio’s comprehensive GDL laws require teens under 18 to complete BTW driver training with a paid, certified instructor to receive a probationary license, where many other states do not (23). Thus, Ohio’s GDL laws provide an opportunity for a na
	Ohio GDL laws 
	In the state of Ohio, individuals under 18 follow a GDL system—a three-stage process designed to ease novice drivers increasing levels of driving responsibility. The process begins with a Temporary Instruction Permit Identification Card (TIPIC), which teens may obtain at age 15.5 after passing a written knowledge test and vision screening. The TIPIC is valid for one year, during which teens must hold the permit for at least six months and complete key training requirements before taking the licensing on-roa
	After meeting these requirements and passing the ORE, teens are issued a probationary license, which imposes restrictions on driving (e.g. no nighttime driving, a limited number of passengers) to reduce crash risk. Only at 18 do drivers become eligible for a full, unrestricted license, assuming a clean record. 
	For the purposes of this analysis, we refer to licensure before age 18 as obtaining a probationary license under the GDL system, which requires mandatory driver education and BTW training, and imposes driving restrictions. Licensure at or after age 18 corresponds to a full, unrestricted adult license, for which Ohio law does not require GDL or BTW training. However, applicants 
	ages 18 and above who fail the on-road exam must complete an abbreviated adult driver education course before attempting the ORE again. This abbreviated education course is most often an online knowledge course.  

	Analysis roadmap 
	We conducted two statistical analyses to examine whether and how comprehensive driver’s education and training requirements under GDL laws are associated with involvement in severe crashes one year after licensure among young novice drivers. We summarize the analysis methods here before delving into details of the data, driver groups, and the statistical analyses in the following sections. In the first analysis, we used Pearson’s Chi-square test to examine the association between a binary severe crash varia
	 
	Methods 
	Chi-square test  
	We used the Chi-square test to examine the association between the categorical variables of driver groups (4, varying by GDL completion) and involvement in severe crashes (binary) in the first year of licensure. We explain the data and variables in greater detail in the Data section below. The Chi-square test was conducted using the gmodels package in R (29). 
	Binomial logit regression 
	We also used the binomial logit model to test the hypothesis that young novice drivers who completed GDL-mandated driver training before time of licensure (i.e. those <18 years of age) are less likely to be involved in severe crashes than those who did not complete GDL-mandated driver training (i.e. those age 18 and above). 
	There were fewer than 100 drivers in the dataset (n = 133,273) who were involved in severe crashes one year after licensure. To correct for potential small sample bias, we also estimated Firth’s penalized logistic regression. The output was comparable to that from the regular binomial logit models. For simplicity, we reported the output from the regular binomial logit models. Binomial logit models were estimated in R. 
	 
	Data 
	Licensing and crash data 
	This study utilizes Ohio’s administrative Bureau of Motor Vehicles (BMV) licensing database and police-reported crash database from January 2017 to December 2019, obtained through an agreement between the Ohio Department of Public Safety and the Children’s Hospital of Philadelphia (CHOP). A data operations team at the Children’s Hospital of Philadelphia prepared deidentified data tables in accordance with data privacy agreements between Ohio and CHOP (see (7) for more detail). All personally identifiable an
	Licensing tables included each driver’s de-identified customer identifier, sex (male/female), permit and licensure dates (converted to age in days), driver training completion age (in days), ORE results and age (in days). To classify drivers into licensing pathway subgroups, we constructed derived variables indicating age at first permit and first license (in days), pass/fail outcome on the first ORE attempt, and a binary indicator of whether the driver completed driver training prior to licensure. 
	Crash records included hierarchical data at the crash-, unit-, and person-levels, with nested identifiers allowing linkage across levels. We extracted and processed the person-level files, retaining only records for individuals marked as “drivers” and matched to licensing records through the de-identified customer identifiers. Key variables included crash severity, driver gender, and exact age (in days) at the time of the crash. Crashes were filtered to retain only fatal and serious injury crashes that occu
	We then merged the de-identified licensing and crash datasets using the deidentified customer identifiers, resulting in an integrated longitudinal dataset of 133,273 unique novice under-25 drivers who could be categorized into one of the four defined licensing subgroups (see Driver Groups section). We identified and counted all serious injury and fatal crashes within one year post first licensure using age variables. For drivers who did not appear in the crash data, we inferred the absence of a recorded ser
	 
	Figure
	Figure 1 Data integration and variable construction 
	Driver groups 
	The legal distinctions between GDL-based probationary licensure and unrestricted adult licensure form the basis for our subgroup classifications and underscore the relevance of age-specific policies in shaping young driver behavior and crash risk. For the Chi-square test, we categorized the drivers into four groups based on drivers’ ORE records, GDL-mandated driver training completion status, and age of receiving a driver’s license. The classification ensured that drivers’ licensing pathways were comparable
	•
	•
	•
	 Group A (N = 72,024): Drivers completed the GDL-mandated driver training for teens, passed the on-road exam on the first attempt, received probationary licenses, and were subject to GDL driving restrictions post-licensure until they turned 18 (31) 

	•
	•
	 Group B (N = 22,285): Drivers completed the GDL-mandated driver training for teens but failed the on-road exam on the first attempt. They passed the exam later either before or after turning 18. Compared to the other groups, the sample size of those in Group B who received licenses after turning 18 is very small (N = 780). Thus, we decided not to further split Group B into two distinct groups by their age of licensure. 

	•
	•
	 Group C (N = 23,977): Drivers did not take the GDL-mandated driver training and took the ORE for full licensure after 18 years old (including those who received their first permit slightly before 18 to initiate the licensing process). They passed the ORE on the first attempt and had no GDL restrictions on driving post-licensure. 

	•
	•
	 Group D (N = 14,898): Drivers did not take the GDL-mandated driver training and took the ORE for full license after 18 years old (including those who received their first permit slightly before 18 to initiate the licensing process). They did not pass the ORE on the first attempt, took the abbreviated driver education as required, and passed the ORE at later attempts. They did not have any GDL restrictions on driving post-licensure. 


	 
	 
	Figure
	Figure 2 Workflow of driver group classification 
	For the binomial logit analysis, we reclassified the drivers into two groups based on their GDL-mandated driver training completion, ORE records, and timing of obtaining a temporary permit and a driver’s license. As explained above, Ohio’s GDL laws require teens to hold a temporary permit for at least 6 months before taking the ORE and obtaining a probationary license. While adults over 18 are required to obtain a temporary permit before taking the ORE, they are not subject to any permit-holding period requ
	mandated driver training on severe crash risks post-licensure. However, we do not have access to exposure data to incorporate into this study. To ensure comparable exposure in the permit period, we reclassified the drivers into two groups:  

	•
	•
	•
	 Driver Training Group (N = 72,024): This group is identical to Group A above. It includes drivers who completed the GDL-mandated driver training, passed the on-road exam on the first attempt, received probationary licenses, and were subject to GDL driving restrictions post-licensure until they turn 18. 

	•
	•
	 No Training Group (N = 1,825): This group is a subset of Group C above. Drivers received temporary permits between the ages 17 and 17.5, did not complete GDL-mandated driver training, took the ORE for full licensure after 18 years old, passed the ORE on the first attempt, and received driver’s license between the ages 18 and 18.5.  


	Thus, the classification helps to control for exposure to driving in the learner permit. Drivers in the two groups were also comparable in terms of passing the ORE on the first attempt. We used this grouping in the binomial logit analysis to more effectively parse out the impact of GDL-mandated driver training on involvement in severe crashes. 
	Neighborhood characteristics  
	We integrated neighborhood-level characteristics to account for contextual factors that may influence individual licensing pathways and crash outcomes. Prior research has shown that both financial and spatial barriers to driver training are associated with lower rates of GDL participation among young drivers (32–34). Incorporating these contextual layers supports a more comprehensive understanding of the structural and spatial factors that shape teen driver safety and mobility. 
	Ohio BMV data included home address at the time of licensure. In accordance with data privacy protocols, the CHOP data operations team geocoded these addresses and spatially joined them to Census tract boundaries using the 2018 TIGER/Line shapefiles from the Census Bureau (Figure 1). All personally identifiable and locational information was removed prior to researcher access to ensure confidentiality. 
	Using the Census tract geographic identifiers, we linked each driver to neighborhood-level data from the 2018 American Community Survey 5-Year Estimates. Key variables included median household income and an urban-rural classification based on whether the tract intersected a Census–defined urbanized area. These variables served as proxies for individual economic and environmental context, allowing us to explore how neighborhood-level conditions might be associated with young drivers’ licensing pathways and 
	To assess spatial accessibility to driver training, we created a geographic measure of travel time to the nearest certified training provider, following methodologies established in prior research (34, 35).  First, we retrieved provider names and locations from the Ohio Department of Public Safety’s public directory as of December 2021 (36) and geocoded the addresses using the Google 
	Maps Platform APIs. We used the R5r package in R (37), an open-source routing package, to estimate realistic driving times from all Ohio Census tracts to the nearest provider.  

	 
	RESULTS 
	Sample Characteristics 
	Table 1 shows the summary statistics of drivers’ sex and their home Census tracts’ socioeconomic conditions by driver group. A subset of young drivers (N = 10,803; 8.1%) lacked valid Census tract identifiers due to missing or unmatchable geocoded address data, which prevented the assignment of spatial and economic context. A Wald test indicates that the availability of tract-level information is not significantly associated with involvement in severe crashes, reducing concern about potential selection bias.
	Table 1 Driver characteristics by driver group 
	Group 
	Group 
	Group 
	Group 
	Group 

	Variable 
	Variable 

	Percentage 
	Percentage 

	Mean 
	Mean 

	Maximum 
	Maximum 

	Minimum 
	Minimum 

	Standard Deviation 
	Standard Deviation 



	A 
	A 
	A 
	A 

	Male 
	Male 

	50.88 
	50.88 

	 
	 

	 
	 

	 
	 

	 
	 


	TR
	Female 
	Female 

	49.12 
	49.12 

	 
	 

	 
	 

	 
	 

	 
	 


	TR
	Urban 
	Urban 

	90.42 
	90.42 

	 
	 

	 
	 

	 
	 

	 
	 


	TR
	Non-urban 
	Non-urban 

	9.58 
	9.58 

	 
	 

	 
	 

	 
	 

	 
	 


	TR
	Median household income (dollars) 
	Median household income (dollars) 

	 
	 

	71,884 
	71,884 

	250,001 
	250,001 

	7,980 
	7,980 

	29,938 
	29,938 


	TR
	Mean travel time to nearest driving school (minutes) 
	Mean travel time to nearest driving school (minutes) 

	 
	 

	9.53 
	9.53 

	69.1 
	69.1 

	2.05 
	2.05 

	5.12 
	5.12 


	B 
	B 
	B 

	Male 
	Male 

	46.59 
	46.59 

	 
	 

	 
	 

	 
	 

	 
	 


	TR
	Female 
	Female 

	53.41 
	53.41 

	 
	 

	 
	 

	 
	 

	 
	 


	TR
	Urban 
	Urban 

	92.18 
	92.18 

	 
	 

	 
	 

	 
	 

	 
	 


	TR
	Non-urban 
	Non-urban 

	7.82 
	7.82 

	 
	 

	 
	 

	 
	 

	 
	 


	TR
	Median household income (dollars) 
	Median household income (dollars) 

	 
	 

	70,919 
	70,919 

	250,001 
	250,001 

	8,333 
	8,333 

	30,291 
	30,291 


	TR
	Mean travel time to nearest driving school (minutes) 
	Mean travel time to nearest driving school (minutes) 

	 
	 

	9.04 
	9.04 

	69.1 
	69.1 

	2.05 
	2.05 

	4.78 
	4.78 


	C 
	C 
	C 

	Male 
	Male 

	55.51 
	55.51 

	 
	 

	 
	 

	 
	 

	 
	 


	TR
	Female 
	Female 

	44.49 
	44.49 

	 
	 

	 
	 

	 
	 

	 
	 


	TR
	Urban 
	Urban 

	94.59 
	94.59 

	 
	 

	 
	 

	 
	 

	 
	 


	TR
	Non-urban 
	Non-urban 

	5.41 
	5.41 

	 
	 

	 
	 

	 
	 

	 
	 


	TR
	Median household income (dollars) 
	Median household income (dollars) 

	 
	 

	50,673 
	50,673 

	191,125 
	191,125 

	3,998 
	3,998 

	23,001 
	23,001 


	TR
	Mean travel time to nearest driving school (minutes) 
	Mean travel time to nearest driving school (minutes) 

	 
	 

	8.8 
	8.8 

	69.1 
	69.1 

	2.05 
	2.05 

	4.78 
	4.78 


	D 
	D 
	D 

	Male 
	Male 

	50.21 
	50.21 

	 
	 

	 
	 

	 
	 

	 
	 


	TR
	Female 
	Female 

	49.79 
	49.79 

	 
	 

	 
	 

	 
	 

	 
	 


	TR
	Urban 
	Urban 

	96.23 
	96.23 

	 
	 

	 
	 

	 
	 

	 
	 


	TR
	Non-urban 
	Non-urban 

	3.77 
	3.77 

	 
	 

	 
	 

	 
	 

	 
	 


	TR
	Median household income (dollars) 
	Median household income (dollars) 

	 
	 

	49,874 
	49,874 

	250,001 
	250,001 

	3,998 
	3,998 

	23,555 
	23,555 


	TR
	Mean travel time to nearest driving school (minutes) 
	Mean travel time to nearest driving school (minutes) 

	 
	 

	8.31 
	8.31 

	38.6 
	38.6 

	2.05 
	2.05 

	4.19 
	4.19 




	 
	In Figure 3, we plotted the time points of when drivers obtained their first leaner permit and first license across age groups, to illustrate how drivers under age 18 have longer minimum learner permit holding periods, whereas drivers over age 18 can obtain both permit and licensing in a short period of time (sometimes the same day).  
	 
	Figure
	Figure 3 Age of obtaining first temporary permit and first driver’s license 
	 
	Association between involvement in severe crashes and GDL training 
	The Chi-square statistic (X2 = 226, degree of freedom = 3) indicated that driver group and involvement in severe crashes were significantly associated (p < 0.001). The standardized residuals indicated that the overall association between driver groups and involvement in severe crashes was primarily driven by the lower-than-expected number of drivers who were involved in severe crashes in Groups A and B, and the higher-than-expected number of drivers who were involved in severe crashes in Groups C and D. In 
	Overall, the findings indicated that Groups A and B, whose drivers took GDL-mandated driver training, had significantly fewer-than-expected drivers with severe crashes post-licensure, 
	whereas Groups C and D, whose drivers did not take GDL-mandated driver training, had significantly more-than-expected drivers with severe crashes. 

	Effect of GDL-mandated training  
	We estimated two binomial logit regression models to test how involvement in severe crashes differ between the Driver Training Group and the No Training Group. In both models, the dependent variable was the binary indicator of involvement in a severe crash post-licensure. Model 1 included driver groups as the only independent variable. Model 2 included driver’s sex, and the median household income, distance to driving school, and urban classification of the driver’s home Census tract, in addition to driver 
	Table 2 Output from binomial logit models 
	 
	 
	 
	 
	 

	Model 1 
	Model 1 

	Model 2 
	Model 2 


	Variable (reference category) 
	Variable (reference category) 
	Variable (reference category) 

	 
	 

	 
	 


	 
	 
	 

	Coefficient (S.E.) 
	Coefficient (S.E.) 


	Intercept 
	Intercept 
	Intercept 

	-5.353*** (0.354) 
	-5.353*** (0.354) 

	0.004 (2.978) 
	0.004 (2.978) 


	Driver group (No GDL training) 
	Driver group (No GDL training) 
	Driver group (No GDL training) 

	 
	 

	 
	 


	GDL training 
	GDL training 
	GDL training 

	-1.333*** (0.371) 
	-1.333*** (0.371) 

	-1.193** (0.378) 
	-1.193** (0.378) 


	Sex (Female) 
	Sex (Female) 
	Sex (Female) 

	 
	 

	 
	 


	Male 
	Male 
	Male 

	 
	 

	0.348 (0.216) 
	0.348 (0.216) 


	Median household income (log) 
	Median household income (log) 
	Median household income (log) 

	 
	 

	-0.508 (0.268) 
	-0.508 (0.268) 


	Travel time to nearest driving school (mins) 
	Travel time to nearest driving school (mins) 
	Travel time to nearest driving school (mins) 

	 
	 

	0.009 (0.021) 
	0.009 (0.021) 


	Urban area (No) 
	Urban area (No) 
	Urban area (No) 

	 
	 

	 
	 


	Yes 
	Yes 
	Yes 

	 
	 

	-0.172 (0.364) 
	-0.172 (0.364) 


	 
	 
	 

	 
	 

	 
	 


	AIC 
	AIC 
	AIC 

	1,366.3 
	1,366.3 

	1,366.8 
	1,366.8 


	BIC 
	BIC 
	BIC 

	1,384.5 
	1,384.5 

	1,421.5 
	1,421.5 


	Log Likelihood 
	Log Likelihood 
	Log Likelihood 

	-681.1 
	-681.1 

	-677.4 
	-677.4 




	 
	Both models indicated that drivers who completed GDL-mandated driver training at the time of licensure had significantly lower probabilities of being involved in severe crashes post-licensure. On average, drivers who completed GDL-mandated driver training had approximately 70% lower odds of being involved in severe crashes one year after licensure (the exponentiated coefficients for GDL training, -1.333 and -1.193, minus one). Hypothetically, older novice drivers who did not complete GDL-mandated driver tra
	training. Thus, it is likely that the coefficients for GDL training underestimated the crash reduction effects of GDL-mandated driver training. 

	The median household income of the driver’s home Census tract had a negative association with involvement in severe crashes. On average, each one percent increase in median household income corresponded to 0.5% lower odds of being involved in severe crashes one year post-licensure, all else being equal. This association is marginally significant. 
	Model 2 found no statistically significant associations between severe crash involvement and drivers’ sex, travel time to the nearest driving school from the driver’s home Census tract, and urban typology of the driver’s home Census tract. 
	Model 1 that included only GDL training had a better fit than Model 2 with control variables, as indicated by Model 1’s smaller AIC and BIC statistics. This finding confirmed that GDL training played a more significant role than individual drivers’ sex and the neighborhood-level risk factors. 
	 
	Discussion 
	Our findings reveal significant associations between involvement in severe crashes and whether young novice drivers completed GDL-mandated driver training. Among young drivers who completed GDL-mandated driver training, there were significantly fewer-than-expected drivers with severe crashes, regardless of whether the driver passed the ORE on the first attempt. Meanwhile, there were significantly more drivers than expected with severe crashes among young drivers who did not complete GDL-mandated driver trai
	Policy implications 
	Prior research has found that comprehensive GDL laws that mandate formal driver training in Ohio and California are associated with lower crash risks among young drivers without distinguishing crash severity (7, 10). Our findings advance understanding by showing that GDL including mandated driver training was associated with less involvement in severe crashes early in licensure, when crash risk is highest (7). The results suggest that comprehensive GDL laws that include requirements for professional BTW tra
	One obstacle to studying driver training’s effect on young driver crash risks is the uneven exposure to driving before obtaining a driver’s license. Teen drivers are required by GDL laws to 
	hold a temporary permit for at least 6 months before obtaining a probationary license. Meanwhile, our data shows that most adults over 18 years old, who are no longer subject to the GDL program, took the on-road exam and obtained a driver’s license shortly after obtaining a temporary permit (Figure 3). Our licensing data enabled us to select a subset of drivers with comparable exposure to driving pre-licensure. This advantage allowed us to more effectively isolate the effect of GDL-mandated driver training 

	Prior research has shown that some teens face financial and travel barriers to formal driver training and may even have to forgo employment and educational opportunities that are afforded by a driver’s license (32, 34). Our findings of GDL-mandated driver training’s benefits to enhancing safety for young novice drivers provide further justification for policymakers in states that require mandatory driver training to design targeted interventions, such as financial assistance programs, to improve access to d
	Research implications 
	Our study reveals several noteworthy patterns for further research when data becomes available. Firstly, completion of GDL-mandated driver training played a more significant role in young novice drivers’ severe crash involvement than drivers’ sex and their neighborhood-level risk factors. We tested additional models with only the control variables and found that median household income and sex were significantly and marginally correlated with severe crash involvement, respectively. That these variables beca
	Secondly, we observed in Figure 3 that some teens elected to obtain a temporary permit shortly before turning 18 and then obtain a regular driver’s license after 18 before the permit expires. This licensing pathway would allow teens to drive under the restrictions of a temporary permit until they age out of GDL, thus forgoing GDL-mandated driver training before obtaining a full license. Future research should examine whether teens who follow this pathway face barriers to formal driver training, and the effe
	Lastly, we observed that among drivers who completed GDL-mandated driver training, those who obtained their probationary driver’s license between 16 and 17 had lower severe crash rates 
	than those who obtained their license between 17 and 18. Under Ohio’s GDL laws, those who received probationary licenses between 16 and 17 would still be under driving restrictions during the one-year post-licensure crash observation window. Meanwhile, at least some of those who received probationary licenses between 17 and 18 would have aged out of GDL and were no longer under restrictions during the one-year post-licensure period. Due to data limitation, we were unable to determine how much of the differe

	Limitations  
	The current study has four limitations due to data availability. First, we used Census tract data as indirect measures of individual financial and environmental context conditions as the Ohio licensing data did not have direct measures of this. Relatedly, a subset of individuals lacked valid Census tract identifiers, preventing us from assigning spatial and economic characteristics, however this was a small percentage. Although we conducted statistical tests to evaluate potential selection bias, the possibi
	 
	Conclusion 
	Severe crashes among young novice drivers are an urgent public health issue. We find significant associations between the completion of comprehensive GDL laws that include driver training requirements and involvement in severe crashes among young novice drivers in the first year of licensure, when crash risk is highest. Young novice drivers who had completed GDL-mandated driver training at the time of licensure were less likely to be involved in severe crashes than those 
	who did not complete GDL-mandated driver training. Our findings serve as a reminder for officials that there should be more urgency to allow teens access to GDL-required driver education and training during their critical developmental period to reduce severe crashes immediately post-licensure. 
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