Safety2i

INNOVATING SAFETY FOR ALL

The National University Transportation Center for Promoting Safety

Carnegie Mellon University

o
P 0 -
CCAC
@ enn THE OHIO STATE []
UNIVERSITY 0f PENNSYLVANIA

UNIVERSITY

Community
College The University of Texas

of Philadelphia RioGrande Valley MORGAN

Disparities in Access to Driver Education for
Teens as a Health and Mobility Equity Issue

Megan S. Ryerson (PI) (https://orcid.org/0000-0002-8843-3286)
Xiaoxia Dong (https://orcid.org/0000-0002-3907-3237)
Jasmine Siyu Wu (https://orcid.org/0000-0002-3855-4872)
Elizabeth A. Walshe (https://orcid.org/0000-0002-0466-4272)
Flaura K. Winston (https://orcid.org/0000-0001-6632-1403)

FINAL REPORT

August 1, 2024

DISCLAIMER
The contents of this report reflect the views of the authors, who are responsible for
the facts and the accuracy of the information presented herein. This document is
disseminated in the interest of information exchange. The report is funded, partially
or entirely, under [grant number 69A3552344811] from the U.S. Department of
Transportation’s University Transportation Centers Program. The U.S. Government
assumes no liability for the contents or use thereof.



TABLE OF CONTENTS

L. INTRODUCGTION ..ottt ettt ettt et s et et e sttt eesateebe e e st e ebeesaneenbeeene 1
2. LITERATURE REVIEW ...ttt st 2
3. METHODOLOGY ...ttt ettt ettt ettt e s ae e et e et e enbeesabeenbeenae 6
T BN 11 a0 N (T RS S 6
3,20 DAta SOUICES ....eeeiuiiiieiiieiiiee ettt ettt ettt et e st e st te e sabee e sabeeeearee s 8
3.3, AnalysisS MethOds......ccuiiiiiieiiiieeieeee et 14
4. RESULTS ettt et h e et e bt e bt e s ab e e bt e sbbeeabeesabeenbeesabeeneeas 15
4.1.  Driver Training and Young LiCeNSUIE..........cccvuiirriireiiieeiieeeiee e eiee e 16
.20 INCOIMC. ...ttt sttt et et 21
4.3, UIDANICIEY teouvieeiieiieeiieeiiesiee ettt ettt ettt e et e et e sbeeteesabeeseeenbeenseesnseenneennns 25
4.4. Interplay between Driving SKillS .........ccoooieiiiiiiieniiiiiiieciee e 28
5. DISCUSSION ...ttt ettt sttt et sat et e b e sb e e bt et e sbtenbeeasesaeenbeennes 30
6. CONCLUSION ...ttt ettt ettt et sat ettt esb e bt et esbee bt eatesaeenbeennes 33
7. ACKNOWLEDGMENTS ..ottt sttt sttt ettt et st 34
8. PROJECT OUTPUT ..c.iiiiiiiieeeetett ettt sttt et sttt sttt st s ae s 34
9. REFERENCES ...ttt sttt ettt et sttt e b e 36



1. INTRODUCTION

Teen driving embodies a crucial conflict in transportation planning between enhancing
mobility and ensuring safety. In the United States, driving is often essential for teens to gain
independence, yet it places them at a significantly higher risk of collisions. Despite average miles
driven per young driver per year was only half that of adult drivers, 16- to 19-year-olds faced a
fatal crash rate nearly triple that of other age groups in 2022'~>. The high incidence of collisions
among teenage drivers is influenced by a complex interplay of individual maturity, vehicle
dynamics, and environmental factors. Developmental aspects like incomplete brain maturation
affect their judgment, reaction times, and hazard perception, heightening their vulnerability on the
roads*’. Additionally, socioeconomic background and community infrastructure play pivotal roles
in shaping driving behaviors and framing risks®, with teens from lower socioeconomic
backgrounds and minority groups being disproportionately affected by motor vehicle crashes’.
Moreover, the specific urban or rural settings where these young drivers live also significantly
impact their risk profiles and driving experiences®, necessitating location-specific approaches in
driver education and safety planning.

Initiatives such as driver education and Graduated Driver Licensing (GDL) have been
central to preparing young drivers, though their efficacy in reducing traffic collisions has been
debatable’!’. GDL programs are designed to mitigate risks by progressively increasing driver
competence, imposing restrictions on high-risk driving situations, and integrating driver education.
Research indicates that drivers who complete formal training and obtain their licenses before
turning 18 years old tend to exhibit safer driving outcomes than those who do not undergo such
training!'. However, the accessibility of driver education varies, particularly affecting teens from

economically disadvantaged backgrounds, suggesting that such training could inadvertently



become a barrier to acquiring essential driving skills'?. Despite the recognized links between
socioeconomic, urbanicity factors, and driver training with crash risks, there remains a gap in
understanding how these factors are associated with the development of specific driving skills
among diverse groups of young drivers. Filling this research gap is critical for designing targeted
driver training modules and implementing infrastructure measures to enhance young drivers’
driving skills and safety.

This study utilizes a unique dataset from Ohio, including Virtual Driving Assessment
(VDA) metrics, licensing data, and socioeconomic variables, to explore how driver training and
different socioeconomic factors correlate with specific driving skills. The VDA, an innovative
driving simulation tool, allows for the assessment of operational, tactical, and cognitive driving
skills in a controlled environment, offering insights beyond traditional on-road exams'®. Our
analysis revealed marked behavioral differences among young drivers based on their completion
of driver training and young licensure (DTYL), urbanicity of their residence, and socioeconomic
status, with potential implications for targeted driver education interventions. This research
enriches our understanding of the intersections between driver education and training,
socioeconomic factors, and young drivers’ competencies, aiding policymakers and planners in
developing more effective training and infrastructural strategies to reduce traffic crashes involving
young drivers. Ultimately, this study contributes to the ongoing dialogue on refining driver training

programs to ensure safer driving practices among young drivers.

2. LITERATURE REVIEW
In the U.S., although teenagers drive less than any other age group, they face a

disproportionately high risk of traffic crashes. In 2022, drivers aged 16 to 19, on average, logged



about 7,600 miles annually per person — only half the average annual miles per American driver!.
However, on average, seven teens in this age group died daily in motor vehicle crashes, and the
fatal crash rate per mile driven for this age group was nearly three times the rate for the rest>>. The
young drivers are primarily newly licensed, and crash rates are highest immediately following
licensure, decreasing substantially within the first one to two years of having a license'*!°.
Furthermore, the elevated death and injury rates of young drivers stem from a variety of factors,
encompassing both environmental influences and personal characteristics. Young drivers
transitioning from childhood to adulthood are susceptible to incomplete brain maturation and
physical development. Several critical incomplete adolescent developments are closely associated

with safe driving, including abilities to render and make judgments’, working memory!”-!®

, speed
of processing!’, etc. Also, teenage and young adult drivers are novice drivers who lack the
experience to properly attend to hazards due to incomplete development of situation awareness
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and hazard detection”™"'. Compared with older drivers, teens are more likely to speed and

accelerate unsafely, abruptly change lanes, follow too closely, drive under the influences of alcohol
and substances, and drive without wearing seat belts*>?3.

Young drivers are also influenced by their driving environments. Physical conditions like
road infrastructure, traffic dynamics, and urbanicity all play a critical role in crash risks***. For
example, while young rural drivers generally face a lower risk of multi-vehicle crashes, they are
more prone to single-vehicle crashes, particularly due to speeding on curved roads®. Social
influences from family and peers also shape young drivers’ driving behaviors, with the presence
of other teenage passengers linked to increased crash risks®. Additionally, economic factors

determine young drivers’ access to well-maintained vehicles, the purpose of their ordinary driving

trips, and how much training and insurance they may receive. State and local policies — such as



seat belt laws, drinking restrictions, and auto insurance policies — influence their perception of safe
driving?®.

Significantly, crash risks and severities are not uniform across all populations of young
drivers. Like other public health challenges, road traffic safety in the U.S. is an equity issue.
Numerous studies have examined the extent to which minority groups and economically
disadvantaged groups are disproportionately represented in traffic crashes”?’?°. These disparities
in death, disability, and injury continue to exist for vulnerable teenagers®®3!. Research of risky
driving behaviors among minority and socioeconomically disadvantaged teens attempts to find the
reasons underlying these disparities, yet no holistic picture has been revealed. A study using the
Fatality Analysis Reporting System (FARS) found that among those with only a high school
education, higher percentages had high blood alcohol concentrations (BACs) or did not use seat
belts’. The remaining question is, apart from the higher propensity of risk-taking behaviors, are
these disadvantaged teen drivers adequately and equally equipped with knowledge and skills for
safe driving?

Driver education and GDL programs have been implemented in the U.S. to better equip
teens with necessary driving skills**3?. However, the effectiveness of driver education programs
in reducing crash rates has been debated, with studies like the DeKalb study indicating minimal
impact on long-term safety outcomes’>*. This controversy has led to significant shifts in policy
and educational approaches, including the adoption of GDL systems that emphasize gradual skill
acquisition and incorporate driver education to varying extents across different states'®*>3¢, As of
2022, only 29 states required driver education and behind-the-wheel (BTW) training in addition
to GDL*®. For instance, Ohio’s GDL laws require that a teen under the age of 18 must engage in a

minimum of 8 hours of BTW instruction with a licensed instructor — costing up to $600 — in



addition to 24 hours of in-person or online driver education and 65 hours of practice with a
guardian if they intend to secure a probationary license before the age of 18 years.

The introduction of GDL laws, and thus, the addition of more time and formal and/or
informal driver training before licensure, appears to have reduced the rate of teenagers receiving
early driver’s licenses®’. Studies have shown that socioeconomic status significantly influences the
age at which teens are licensed, with youths from lower-income families less likely to obtain their
licenses early!>*®*2. This delayed driver licensing has significant safety implications, as it may
limit driving experience as well as the acquisition of adequate driving knowledge and skills.
Specifically, recent research revealed that teens who completed the requirements of GDL —
including driver education and formal BTW training — were less likely to crash than older teens
who were not required to engage in formal and informal training''**. What remains unclear to
researchers is how completing GDL-required driver education and training and obtaining young
licensure are associated with developing specific driving skills.

Despite decade-long research on the efficacy of driver education and GDL programs, gaps
remain in our understanding of how effectively these programs address the disparities in driving
skills acquisition among young drivers. Traditional metrics like crash counts and passing on-road
exams often fall short in comprehensively capturing and evaluating nuanced young driver
skills*>*#43_Crashes are rare and do not accurately reflect everyday driving behavior or near-miss
incidents, which are critical to understanding actual driving competence. Moreover, on-road exams
may not consistently expose drivers to varied traffic conditions or sufficiently test their readiness,
highlighting the need for more reliable evaluation methods*®.

In response to these evaluation challenges, recent advancements have led to the

development of driving simulators like the VDA. Implemented as a supplement to traditional



testing methods in the Ohio Bureau of Motor Vehicles (BMV) workflow, the VDA — a compact,
computer-based, self-directed simulator designed by Diagnostic Driving Inc. — assesses drivers in
ecologically relevant scenarios that reflect common severe crash situations'®. Its capabilities
extend beyond traditional testing by systematically evaluating a range of driving skills from basic
operational to complex tactical abilities, such as car control, lane positioning, headway
maintenance, and hazard awareness. Notably, the VDA has demonstrated a strong predictive
validity for licensing outcomes and post-licensure crash probabilities, underscoring its potential as
a transformative tool in driver education research'!!3,

Therefore, while prior work has shown variability in VDA skills at the time of licensure!?,
there is a gap in understanding why teen drivers develop different levels of safe driving skills. Are
these disparities in safe driving skills acquisition associated with driver education and training,
home neighborhood urbanicity, and income level? This paper aims to address these questions,
utilizing access to a unique dataset from Ohio that includes VDA-measured driving skills at the
time of license examination, linked to the driver licensing database, and now census tract data.
This approach not only highlights the disparities in skill development but also provides a critical

evaluation of current educational strategies in the context of real-world driving environments.

3. METHODOLOGY

3.1.Study Area
This study focuses on the State of Ohio in light of the access to a unique dataset and the
state’s generalizability and practical significance. First, the close partnership of our research team

with the State of Ohio and its VDA program allows us to access extensive and exclusive driver



licensing and VDA data (see more in Data Sources). Geographically, Ohio encompasses densely
urbanized cities (e.g., Cincinnati, Cleveland, and Columbus), suburban areas, and rural lands
(Figure 1). The variety of typologies makes Ohio a robust study area for understanding how various
geographic contexts may influence young drivers’ skill development. Additionally, Ohio’s GDL
laws require a teenager under 18 years old to complete the paid driver education program to receive
an intermediate license, which is not mandatory in many states, such as the neighboring State of
Pennsylvania. This requirement means accessing and completing driver education and BTW
training is critical for Ohio teens to gain mobility and safety compared to teens in many other states.
Thus, studying driver training and young licensure (DTYL)’s relationship with specific driving
behaviors and skills is critical for suggesting targeted driver training modules. The State of Ohio
has expressed an interest in investing in its ongoing driver education scholarship program and

future GDL policymaking, highlighting the timeliness of this research.

VDA participant home tract

AN

Cleveland, OH

H Ohio county boundary

Columbus, OH Rural area

I Urban/Suburban area
Cincinnati, OH

100 km

Figure 1. Most VDA young participants came from urban or suburban tracts.
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3.2.Data Sources

This quantitative study leverages a novel dataset for researching young driver behaviors:
the Ohio VDA test data, obtained through a collaborative effort with the State of Ohio. In 2015,
the Ohio legislature endorsed House Bill 53, which allocated funds to the Ohio BMV for
integrating simulated driving assessments into the licensing process. This initiative led to the
“Ohio—Ready, Test, Drive!” program, which implemented the VDA at 5 BMV locations in and
around the Columbus Metropolitan Area, allowing license applicants to take a virtual driving test
right before their on-road exam.

We linked the VDA dataset collected from 2017 to 2019 with the BMV licensing database,
including variables for license status and outcomes, and a variable indicating if driver license
applicants completed driving training before the license examination. This integration utilized de-
identified customer identifiers and matched VDA test dates with driver’s license issue dates since
a small portion of driver license applicants participated in VDA tests multiple times on different
days. The resulting dataset allowed us to identify young drivers (under 25 years old) who had
completed DTYL by 18 years old.

Further enriching this dataset, we incorporated socioeconomic data by extracting the
median household income for each driver’s home Census tract from the American Community
Survey (2014-2018 estimates). Then, we categorized the tracts into low-, middle-, and high-
income levels based on U.S. Department of Housing and Urban Development guidelines, which
use less than 80% (low-income), between 80% and 120% (middle-income), and more than 120%
(high-income) of the area’s median family income to define households’ eligibility for certain

programs. The Ohio Housing Finance Agency estimated a median income of approximately



$56,000 for the State of Ohio in 2018. Therefore, we used the breakdowns of < $44,800, $44,800
- $67,200, and >$67,200 to categorize Ohio Census tracts’ median household income level.

To ensure robust urbanicity comparisons, we classified urban typologies using the 2018
U.S. Census Bureau TIGER/Line® Urban Areas Shapefiles. In this study, we defined
Urban/Suburban tracts as Census tracts containing urban areas and Rural tracts as tracts containing
no urban areas.

We carefully selected VDA metrics from an initial set of 69 potential variables that measure
various operational skills and behavioral outcomes. In a previous paper, the study analysis team
reduced the VDA dataset to 32 variables that had sufficient variability based on an initial visual
inspection of histograms'>. The 32 VDA variables belong to eight skill domains; in this paper, we
excluded the “route following” skill domain and the “crash avoidance” skill domain, concentrating
instead on the six domains that involve transportation planning-related, action-oriented skills. To
select representative variables from these six domains, we employed two methods: 1) We
calculated the pairwise Spearman’s correlation coefficients for all the variables within each
domain and then selected the variable that had the highest average correlation coefficient with the
other variables, and 2) We ran Principal Component Analysis (PCA) for each skill domain and
selected the variable with the most significant loading of each domain’s first principal component,
which accounts for about 43% to 76% of the variance within each skill domain. We decided to use
specific driving skills rather than composite indexes like PCA scores because specific driving skills
allow us to produce more straightforward interpretations and recommend more targeted
interventions. Both methods resulted in the same six VDA variables: mean throttle, standard
deviation of (SD) acceleration, SD brake, mean heading error, time with time to collision (TTC) <

3s, and failures to stop (see Table 1 for descriptions). These variables, which demonstrate the



highest variances and strongest correlations within their respective domains, were then used for

data visualization and inferential statistical tests.

Table 1. Selected VDA variables and brief explanation.

VDA Variable

Skill Domain

Explanation

Mean throttle (%)

Speed-related

Indicates the average degree of accelerator pedal depression.
Higher values suggest more aggressive or assertive speed

management.

SD acceleration

(mph/s)

Throttle control

Measures variability in acceleration, with higher values

indicating less consistent acceleration and deceleration.

SD brake (%)

Braking control

Reflects variability in brake pedal usage. Larger values
denote a broader range of braking force, from gentle to

forceful applications.

Mean heading error

(degrees, 0-180)

Lane position

Represents the average deviation from the ideal road-
following path. Smaller values indicate more precise lane

keeping.

Time with TTC < 3s

(seconds)

Car following

Total duration spent with a TTC under 3 seconds. Larger|
values suggest closer and potentially riskier following

distances.

Failures to stop (count)

Rule following

Counts instances where the driver did not stop at stop signs

or red lights as required. More failures indicate lower

compliance with traffic rules.

The selected driving skills were measured by the VDA as continuous or numeric variables.

Given the skewed nature of the VDA data, especially with the rarity of certain driving errors —

such as 68% of young participants adhered to stop signs and red lights — and extreme outliers in

operational skills (e.g., the 75" percentile and maximum of mean heading error were 2.55 and

20.34 degrees), we categorized VDA variables for a separate set of data analysis, in addition to the

analysis using the variables on their original continuous scale. VDA variables were grouped based
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on their statistical distribution (e.g., above median vs. below median) and compliance with traffic
rules, distinguishing between no failure to stop and any failure to stop. Categorizing VDA skills
allowed us to effectively compare groups and highlight significant behavioral patterns among
young drivers, as detailed in Table 2. Categories that do not add up to 100% are due to

unreported/unknown data.
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Figure 2. Analysis framework.

We only used each participant’s first complete VDA test results for analytical rigor,

focusing on 22,490 unique young drivers. This approach helped maintain data independence and
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completeness. Figure 2 illustrates the comprehensive workflow from data collection through

analysis. In this sample, about 47.5% of young participants had completed DTYL on or before the

VDA test day, and the majority (96.7%) resided in urban/suburban tracts. Notably, these two

groups — the young participants with DTYL and those from urban or suburban tracts — had a higher

proportion of participants from high-income tracts compared to the rest of the sample:

approximately 51% of young participants with DTYL lived in high-income tracts, while only less

than 22% of those without DTYL were from such tracts. Similarly, 36% of urban/suburban

participants were from high-income tracts, in contrast to only about 16% of those living in rural

areas. The interplay between DTYL status, home neighborhood urbanicity, and income may

influence their associations with individual VDA variables.

Table 2. Summary of VDA metrics and personal characteristics.

Continuous variables

Categorical variables

Variable MeanValue Percentage
Std. Dev share
(Min, Max)
VDA variables VDA variables
Mean throttle (%) 15.12Mean throttle
3.77) Above median (> 14.7%) 49%
(2.94, 82.38) Below median (< 14.7%) 49%
SD acceleration (mph/s) 4.18|SD acceleration
1.21] Above median (> 4.021 mph/s) 49%
(1.05,0.47)] Below median (< 4.021 mph/s) 49%
SD brake (%) 12.72|SD brake
4.58| Above median (> 12.16%) 49%
(0,46.73)] Below median (< 12.16%) 49%
2.26|Mean heading error
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Mean heading error 0.81] Above median (> 2.12 degrees) 49%
(degrees, 0-180) (0.92,20.34)| Below median (< 2.12 degrees) 49%
Time with TTC <3's 5.16|Time with TTC <3's
(seconds) -3.58| Above median (> 4.691 seconds) 49%
(0,52.25)] Below median (< 4.691 seconds) 49%
Failures to stop (count) 0.49|Failures to stop
-0.89| Any failure (> 1) 68%
(0, 12)] No failure (= 0) 32%
Personal characteristics
Diver training and young licensure (individual)
Yes 47.4%
No 52.1%
Urbanicity (tract)
Urban/Suburban 96.7%
Rural 2.7%
Household income level (tract)
Low-income 30.8%
Middle-income 32.1%
High-income 35.8%

3.3.Analysis Methods

We conducted two sets of analyses. Analysis set | treated VDA variables as continuous,

while analysis set II treated the variables as categorical. For analysis set I, we started visualizing

the data using cumulative density function (CDF) plots, which helped assess the probability

distribution of VDA variables. To statistically validate observed differences, we applied non-

parametric tests, including Wilcoxon rank sum tests for binary groups and Kruskal Wallis tests for

multilevel categorical groups, due to the skewness of continuous VDA variables. These tests
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assessed differences in median values across groups, with statistical significance determined by p-
values lower than 0.05.

For analysis set II, we first used grouped bar charts to compare young driver groups’
performances within and across various VDA metrics. Then, we applied Chi-Squared tests to
evaluate the independence between VDA skills and young driver groups. We analyzed y? statistics
against critical values to determine if observed frequencies significantly deviated from expected
frequencies at a 95% confidence level. Additionally, we used contingency tables to display the
observed and expected frequencies, > contributions, and standardized residuals. The standardized
residuals were analyzed using critical z-score values of -1.96 and +1.96 to identify significant
discrepancies at a 95% confidence level.

Lastly, we examined the relationships between various VDA skills utilizing Spearman’s
correlation tests to understand the potential interplay between driving skills. A closer-to-one
absolute value of Spearman’s correlation indicates that two continuous driving skill variables are
highly correlated. Spearman’s correlation is a non-parametric method commonly used to handle
data that do not conform to the normality assumptions required for Pearson’s correlation.
Spearman’s correlation is particularly effective at identifying monotonic relationships between
variables with non-normal distributions, a common characteristic in the distribution of VDA skills

data. We conducted all statistical analyses using stat*’ and gmodels*® packages in RStudio.

4. RESULTS
This section summarizes key findings from data visualizations and inferential statistical tests. We

grouped the results by driver training and licensure status, income, and urbanicity. Then, we
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analyzed correlations between VDA variables to understand the interplay between young drivers’

skills.

4.1.Driver Training and Young Licensure

The comprehensive analysis revealed varied correlations between young drivers” DTYL
status and driving skills. Notably, skills like SD brake, mean heading error, and failure to stop
showed robust correlations with DTYL, marked by slight divergences in their CDF plots (Figure
3). In contrast, plots for other variables nearly overlapped, indicating minimal behavioral
differences between trained and untrained young drivers. By breaking down VDA variables into
two groups — better or worse than average (corresponding to below or above median) — grouped
bar charts further delineated these patterns, emphasizing differences in performance in areas like
braking variability and compliance with traffic rules among drivers with DTYL (Figure 4).

Specifically, young drivers with and without DTYL exhibited significant differences in
braking behavior variability, as evidenced by a notable p-value (< 0.001) from the Wilcoxon test
and supported by Chi-Squared results (y> = 38.10, d.f. =1, p <0.001). A slightly higher proportion
of trained young drivers in the below-median group (52.2%) for braking variability than that of
untrained young drivers (48%) suggests that DTYL might be related to more consistent braking.
Young drivers with DTYL were also significantly more likely to score below the median for
heading errors and less likely to fail at stop signs, with strong statistical backing (Wilcoxon p <
0.001 for both variables; x> = 299.86 and 156.26 respectively, both d.f. = 1 and p < 0.001). These
findings suggest that DTYL was effectively associated with enhanced lane-keeping accuracy and

compliance with traffic rules.
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Conversely, skills related to speed regulation, such as mean throttle, showed only marginal
differences between trained and untrained young drivers. The Wilcoxon test (p = 0.077) suggests
a minimal correlation between DTYL status and mean throttle usage. This limited relationship was
corroborated by Chi-Squared test results (¥ = 0.02, d.f. = 1, p = 0.877) and the nearly balanced
distribution in the grouped bar charts (Figure 4). The equal proportion of young drivers above and
below the median of throttle usage, regardless of DTYL, indicates that training did not correlate
with how hard young drivers press the accelerator pedal. Similarly, the analysis of acceleration
variability and proximity to collision scenarios showed minimal to no association with DTYL
(Wilcoxon p =0.014 and 0.1851, respectively; Chi-Squared tests y*> = 3.05 and 0.02, d.f. = 1, and
p =0.081 and 0.888, respectively). Regardless of DTYL status, both groups of young drivers had
almost equal chances of scoring above or below the median in acceleration variability and car
following, meaning that DTYL was not associated with young driver behaviors in managing

acceleration and tailgating.
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Figure 3. Continuous distributions of selected VDA variables by driver training completion and

young licensure status.
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Figure 4. Categorical distributions of selected VDA variables by driver training completion and

young licensure status.

Table 3. Chi-Squared (y2) test results and contingency tables of categorized VDA variables across

young drivers with and without DTYL.

Mean Throttle

Non-DTYLs

DTYLs

Count (Expected Value, Std. Residual)

19

Row Total

Count (Percentage)



Above median

Below median

72=0.02,df =1,p=0.877

SD Acceleration
Above median

Below median

72 =3.05df =1,p=0.081

SD Brake
Above median

Below median

y2 =38.10, d.f. = 1, p < 0.001

Mean Heading Error

Above median

Below median

72 =299.86, d.f. = 1, p < 0.001

Time with TTC < 3s
Above median

Below median

72 =0.02,df =1,p=0.888

Failure to Stop
Any failure

No failure

2 =156.26,d.f. = 1,p <0.001

5781 (5775, 0.08)
5769 (5775, -0.08)

5840 (5775, 0.85)
5710 (5775, -0.85)

6004 (5775, 3.01)
5546 (5775, -3.01)

6417 (5775, 8.44)
5133 (5775, -8.45)

5781 (5776, 0.07)
5769 (5774, -0.07)

6417 (3578, 7.11)
5133 (7964, -4.88)

5233 (5239, -0.08)
5244 (5238, 0.08)

5174 (5239, -0.89)
5303 (5238, 0.89)

5010 (5239, -3.16)
5467 (5238, 3.16)

4597 (5239, -8.87)
5880 (5238, 8.87)

5234 (5239, -0.07)
5243 (5238, 0.07)

2979 (3415, -7.46)
7672 (7236, 5.12)

11014 (50%)
11013 (50%)

11014 (50%)
11013 (50%)

11014 (50%)
11013 (50%)

11014 (50%)
11013 (50%)

11015 (50.01%)
11012 (49.99%)

7173 (32.06%)
15200 (67.94%)

* Bold texts indicate the count exceeds the expected value (EV) with statistical significance (std.

residual > 1.96 or < -1.96)
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4.2.Income

The integration of statistical and visual data analysis underscored the profound association
between young drivers’ home neighborhood median household income and their driving skills
development, with significant disparities noted in throttle control, braking variability, heading
accuracy, and compliance with traffic regulations. First, young drivers who lived in high-income
tracts tended to exhibit higher throttle usage and greater variability in braking and acceleration,
potentially indicating more assertive or aggressive driving styles. This pattern is evident in CDF
plots and bar charts (Figures 5 and 6), where young drivers from high-income tracts frequently
exceeded the median values for throttle usage and demonstrated less consistency in their braking
and acceleration patterns. These disparities in driving skills were found statistically significant
across young drivers from different income-level neighborhoods (Kruskal Wallis test x> =220.97,
198.08, and 94.351, respectively, d.f. =2, p < 0.001 for all; Chi-Squared test ¥*> = 164.57, 137.04
and 62.77, respectively, d.f. =2, p <0.001 for all).

Conversely, young drivers from high-income tracts also displayed superior heading
accuracy, with a significant portion (55.5%) scoring below the median in heading errors compared
to their counterparts from low-income areas (43.9%). Unlike CDF plots for mean throttle, SD
acceleration, and SD brake, the high-income CDF curve for mean heading error rises earlier,
indicating better lane-keeping accuracy (Figure 5). Both Kruskal Wallis and Chi-Squared tests
support the significance of these observed differences across income levels (Kruskal Wallis test y?
=245.44,d.f. =2, p <0.001; Chi-Squared test 3> = 196.66, d.f. =2, p <0.001).

Despite these differences, the time spent driving near collisions showed negligible
differences across income levels (Kruskal Wallis test y2 = 6.883, d.f. = 2, p-value = 0.046),

indicating a uniform risk exposure behavior among all young drivers regardless of income, as
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depicted in the closely overlapping CDF curves and consistent bar charts (Figures 5 and 6).
However, a stark contrast emerged in compliance with traffic rules. Young drivers from low-
income neighborhoods showed the highest rates of failures at stop signs and red lights (Chi-
Squared test ¥ = 21.447, d.f. = 2, p < 0.001). A potential explanation of this discrepancy is

disparities in traffic rule enforcement or education across different economic conditions.
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Figure 5. Continuous distributions of selected VDA variables by young drivers’ home tract

income level.
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Figure 6. Categorical distributions of selected VDA variables by young drivers’ home

income level.

tract

Table 4. Chi-Squared (y2) test results and contingency tables of categorized VDA variables across

young drivers from different income level tracts.

Low-Income

Tracts

Middle-Income

Tracts
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Count (Expected Value, Std. Residual)
Mean Throttle
Above median 3182 (3405, -3.82) 3327 (3560, -3.91) 4425 (3969, 7.24)
Below median 3624 (2401, 3.82) 3790 (3557, 3.91) 3509 (3965, -7.24)
2 =164.57,d.f.=2,p <0.001
SD Acceleration
Above median 3289 (3400, -1.91) 3264 (3556, -4.89) 4367 (3964, 6.40)
Below median 3517 (3406, 1.91) 3853 (3561, 4.89) 3567 (3970, -6.40)
2 =137.04,d.f.=2,p <0.001
SD Brake
Above median 3390 (3395, -0.09) 3310 (3550, -4.03) 4203 (3958, 3.90)
Below median 3416 (3411, 0.09) 3807 (3567, 4.02) 3731 (3976, -3.89)
2 =062.77,d.f.=2,p<0.001
Mean Heading Error
Above median 3815 (3401, 7.11) 3577 (3556, 0.35) 3529 (3964, -6.91)
Below median 2991 (3405, -7.10) 3540 (3561, -0.35) 4405 (3970, 6.91)
x2 =196.66, d.f. =2, p <0.001
Time with TTC < 3s
Above median 3393 (3401, -0.13) 3484 (3556, -1.21) 4044 (3964, 1.21)
Below median 3413 (3405, 0.13) 3633 (3561, 1.21) 3890 (3970, -1.27)

x2=06.16,d.f.=2,p=0.046

Failure to Stop
Any failure 2355 (2218, 2.92) 2245 (2314, -1.43) 2512 (2581, -1.36)
No failure 4567 (4704, -2.00) 4977 (4908, 0.98) 5544 (5475, 0.93)

2= 1824, d.f. =2, p <0.001

Count

(Percentage)

10934 (50.03%)
10923 (49.98%)

10920 (49.96%)
10937 (50.04%)

11014 (50%)
11013 (50%)

10921 (49.97%)
10936 (50.03%)

10921 (49.97%)
10936 (50.03%)

7112 (32.04%)
15088 (67.96%)

* Bold texts indicate the count exceeds the expected value (EV) with statistical significance (std.

residual > 1.96 or <-1.96)
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4.3.Urbanicity

Our study further investigated the relationships between home neighborhood urbanicity
and young drivers’ driving skills, revealing distinct behavioral patterns based on their residential
environments. Significantly, urban and suburban young drivers tended to use the throttle more
intensely than their rural counterparts, as depicted in the CDF plots and bar charts (Figures 7 and
8): about 68.5% of rural young drivers exhibited below-median usage compared to 49.5% of
urban/suburban young drivers. Statistical results (Wilcoxon p <0.001; Chi-Squared > = 85.54, d.f.
=1, p<0.001) underscored these differences.

Further analysis highlighted that young drivers from urban and suburban areas drove with
greater variability in throttle and brake usage, potentially reflecting the stop-and-go traffic that is
more typical of congested, densely populated areas. These differences were substantiated by
significant findings in the Wilcoxon rank sum tests (p < 0.001 for both) and Chi-Squared tests (y>
= 113.29 and 41.57, respectively, d.f. = 1, p < 0.001), indicating more frequent adjustments in
acceleration and braking among urban/suburban drivers.

In contrast, mean heading error did not show significant differences between rural and
urban/suburban young drivers (Wilcoxon p = 0.56; Chi-Squared ¥* = 0.13, d.f. = 1, p = 0.72),
suggesting that drivers from all urbanicity levels perform similarly in maintaining lane position.

However, time spent driving with TTC less than 3 seconds differed notably across urban
typologies (Wilcoxon p < 0.001; Chi-Squared y*> = 7.16, d.f. = 1, p = 0.008). Rural drivers spent
less time in this near-collision state, possibly indicating a lower frequency of close interactions
with other vehicles or obstacles, which aligns with less congested driving environments in their
home neighborhoods. This pattern also extends to compliance with traffic rules, where rural drivers

showed better adherence to stop signs and traffic lights compared to their urban/suburban peers
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(Wilcoxon p < 0.001; Chi-Squared y* = 14.02, d.f. = 1, p < 0.001). While only 25.1% of young

drivers from rural tracts failed to stop appropriately, 32.2% of urban/suburban peers did so (Figure
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Figure 7. Continuous distributions of selected VDA variables by young drivers’ home tract

urbanicity.
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Table 5. Chi-Squared (y2) test results and contingency tables of categorized VDA variables across

young drivers from urban/suburban and rural tracts.

Rrual Tracts

Urban/Suburban Tracts

Count (Expected Value, Std. Residual)

Mean Throttle

Above median

192 (305, -6.45)

10811 (10698, 1.09)
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Count (Percentage)
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Below median 417 (304, 6.45) 10584 (10697, -1.09) 11001 (50%)

12 =85.54,d.f. = 1,p <0.001

SD Acceleration
Above median 175 (305, -7.42) 10827 (10698, 1.25) 11002 (50%)
Below median 434 (305, 7.42) 10568 (10698, -1.25) 11002 (50%)

y2=11329,d.f.= 1, p <0.001

SD Brake
Above median 226 (304, -4.50) 10774 (10696, 0.76) 11000 (49.99%)
Below median 383 (305, 4.50) 10621 (10699, -0.76) 11004 (50.01%)

w2 =41.57,df =1,p<0.001

Mean Heading Error
Above median 300 (304, -0.25) 10699 (10695, 0.04) 10999 (49.99%)
Below median 309 (305, 0.25) 10696 (10700, -0.04) 11005 (50.01%)

2=0.13,d.f.=1,p=0.72

Time with TTC < 3s

Above median 272 (305, -1.87) 10732 (10699, 0.32) 11004 (50.01%)
Below median 337 (304, 1.87) 10663 (10696, -0.32) 11000 (49.99%)

x2=7.16,d.f.=1,p=0.008

Failure to Stop
Any failure 154 (197, -3.05) 7006 (6963, 0.51) 7160 (32.04%)
No failure 460 (417, 2.09) 14730 (14773, -0.35) 15190 (67.96%)

2 =14.02, df. = 1,p <0.001

* Bold texts indicate the count exceeds the expected value (EV) with statistical significance (std.

residual > 1.96 or <-1.96)

4.4.Interplay between Driving Skills
The analysis of the interplay between driving skills revealed the strongest correlations

among speed-related, throttle-control, and braking-control skills, suggesting young drivers who
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exhibited a particular pattern in one of these areas (such as stable acceleration) were likely to show
similar patterns in the others. Notably, a strong positive correlation (r = 0.74) was observed
between mean throttle usage and SD acceleration. This correlation indicates that young drivers
who frequently pressed the accelerator more intensely also exhibited greater variability in their
acceleration rates. Additionally, a moderate correlation (r = 0.48) was found between SD
acceleration and SD brake pedal depression, indicating that young drivers who changed speeds
more inconsistently also tended to hit the brake more inconsistently. This pattern underscores a
consistency in vehicle control variability, which could reflect a “jerky” driving style or the
inexperience typical of novice drivers. Furthermore, a moderate correlation (r = 0.44) between
mean throttle and SD brake indicates a co-occurrence of aggressive throttle use with inconsistent
braking behaviors.

Another moderate correlation (r = 0.34) between the time spent driving with TTC less than
3 seconds and SD brake suggests that young drivers who frequently tailgated also displayed more
variable braking patterns. This variability possibly reflects either a heightened readiness to react
quickly to avoid collisions, suggesting alertness in high-risk situations, or a tendency toward more
aggressive and risky driving behaviors — characterized by frequent sudden braking.

Interestingly, a weak negative correlation (r = -0.19) between mean heading error and time
driven under near-collision conditions was observed. This pattern implies that young drivers who
maintained lane position better might be slightly more likely to find themselves in high-risk
collision scenarios for extended periods. In contrast, those with more lane position errors tended
to maintain a greater distance from preceding vehicles. The positive moderate correlation (r = 0.34)

between mean heading error and failures to stop at stop signs/traffic lights suggests that difficulties
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in maintaining lane position might be associated with an increased likelihood of violating stop

signals.

Table 6. Spearman’s correlation test results of selected VDA variables.

SD Mean Time with Failures to
Mean throttle SD brake
acceleration heading error ~ TTC < 3s stop
Mean throttle
SD
0.74
acceleration
SD brake 0.44 0.48
Mean
0.25 0.22 0.02
heading error
Time with
0.22 0.24 0.34 -0.19
TTC <3s
Failures to
0.28 0.27 0.02 0.34 -0.05

stop

Note: Strong (r <-0.7 or r > 0.7) and moderate (-0.7 <r <-0.3 or 0.3 <r < 0.7) correlations are in
bold texts.
5. DISCUSSION

While research on young driver safety and crash risks has increased, investigation on
deficits in specific driving skills is still incomplete, partly due to the lack of consistent, validated
measures for young driver driving skills. A unique dataset of driving skill evaluations measured
by a novel VDA enabled our analysis of skill disparities between young driver groups. In this
section, we structure the analysis’ implications on driver’s education and future research on young

driver safety around the key findings.
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We found that compared to young drivers who had yet to complete driver training and
obtain young licensure, those who had done so ran stop signs less frequently and could maintain
lane position better. Studies have shown that young drivers who have completed driver training
have better overall driving skills, as indicated by their higher likelihood of passing the on-road
examination for licensure'®. Furthermore, Ohio requires young drivers under 18 to complete 65
hours of adult-supervised practice and 8 hours of BTW training before taking the licensing
examination. Thus, young drivers who have completed driver training and obtained licensure
likely have better operational skills and greater familiarity with driving tasks.

Meanwhile, our findings show that regardless of driver training completion and licensure
status, those who failed to stop at stop signs were also more likely to deviate from travel lanes.
Running stop signs and veering off from lanes reflect potential behavioral deficits of the driver.
What remains to be clarified is whether the outcomes result from a lack of experience or adequate
attention to regulatory signs or lane markings while driving. Future research might find merits in
determining the causes of failing to stop at stop signs or maintain lane position through post-VDA
interviews and/or questionnaires with the participants. Findings could help inform course design
of driver’s education and BTW training to mitigate such behaviors that have been linked to
elevated crash risks.

Furthermore, our finding that even among formally trained and licensed young drivers,
there were participants who ran stop signs and tailgated during the VDA highlights the importance
of roadway design and management strategies that recognize the inevitability of human error. An
example of such strategies is the Vision Zero policies many U.S. cities have adopted. These

policies anticipate human error and promote infrastructure design and management
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countermeasures, such as traffic calming measures and speed cameras, that reduce the
consequences of human error instead of trying to eliminate it.

We found no statistical differences acceleration variability and tailgating measures
between young drivers with and without driving training and licensure. An immediate implication
is for future research to investigate whether these skills are related to crash risks among young
drivers. If so, it might indicate that the current driver training programs have limited effectiveness
in enhancing skills in these areas, as young drivers with driver training and licensure are as likely
to have acceleration and tailgating issues as those without.

Our analysis also found significant associations between driving skill deficits and the
urbanicity of the participants’ home neighborhoods. Young drivers who resided in rural tracts
exhibited less intense throttle use and less variability in acceleration and braking behaviors,
suggesting more consistent and potentially cautious driving patterns than their urban or suburban
peers. This finding echoes another result: the association of inconsistent acceleration and braking
with intense throttle use and close following suggests a consistent deficit in vehicle control among
some young drivers. This pattern of skill deficits highlights the importance of targeted driver
training programs that aim to enhance the stability and predictability of young drivers’ vehicle
control.

While income was significantly correlated with certain driving skill deficits, the correlation
was primarily driven by very few highly significant subgroups. For example, the significant
associations between running stop signs/red lights and income were caused mainly by the higher-
than-expected number of failures to stop among participants living in low-income Census tracts.
For the other income groups, none of the observed numbers of failures to stop were significantly

different from the expected values. Intriguingly, young drivers from high-income tracts were more
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likely to engage in more assertive yet unstable driving behaviors, such as intense throttle use and
variable acceleration. Previous research has found that young drivers from lower-income areas
have higher crash and fatal crash risk, and has attributed the elevated risks to younger drivers being
more likely to drive older, less safe vehicles*. By directly examining the participants’ driving skill
deficits, our study revealed a potential mediator (i.e., driving training and licensure) to the
association between income and driving skills. Previous studies in Ohio found that teens living in
lower-income neighborhoods were less likely to complete driver training and obtain licensure than
their peers in wealthier neighborhoods!?. Future studies investigating income and crash risks
among young drivers should consider incorporating driver training and licensure status into the
analysis to examine whether income’s connection with crash risks is mediated through driver

training and licensure.

6. CONCLUSION

This study leverages a novel VDA dataset to explore young drivers’ new skill disparities,
revealing links between young drivers’ new skills development and driver training and young
licensure, home neighborhood urbanicity, and income level. Our analysis showed that driver
training and young licensure were associated with adherence to certain traffic regulations, such as
stopping at stop signs and red lights, consistent brake usage, and better lane position control. Home
neighborhood income levels were linked with some driving behaviors but not uniformly across all
behaviors. Notably, young drivers from lower-income neighborhoods exhibited specific driving
skill deficits, such as traffic rule compliance, throttle use, and lane position control, which might
be mediated by factors such as access to quality driver training and vehicle safety. We found that

rural young drivers were significantly better at consistent speed management and compliance with

33



traffic rules. These insights call for reevaluating driver education curricula to better align with
comprehensive safety outcomes, enhancing driving safety awareness with skill training. Future
research should investigate the complex interplay between socioeconomic factors and driving
behaviors further to refine educational and policy interventions to reduce young driver risks. By
adopting a holistic approach that considers individual and home neighborhood factors, we can
better design interventions to promote safer driving practices among young drivers and ultimately

contribute to broader road safety goals.
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