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Summary: For novice drivers, passing the on-road examination (ORE) for
licensure marks the transition from supervised to unsupervised driving. However,
the first months post-licensure pose the highest lifetime risk of crashing. In
partnership with the Ohio Bureau of Motor Vehicles (OBMV), we have developed
a virtual driving test (VDT) to enhance new driver skills testing. Through
simulation, license applicants were exposed to common serious crash scenarios too
dangerous for inclusion in the ORE. In a previous study of an initial sample of 2,143
driver applicants in Ohio, the acceptability, feasibility and construct validity for the
VDT was demonstrated: VDT performance variables (simulated traffic collisions
and failing to stop at red lights and stop signs) were associated with failing the ORE
(all p <0.001). In this study, we aimed to replicate these results with a second
sample of 2,500 novice drivers. The findings were in line with the previous study:
VDT performance variables and driving errors differentiated those who went on to
pass and fail the ORE. Future work will build and validate a more comprehensive
and robust set of performance metrics and examine the predictive ability of the
VDT, both for licensing results and future crashes.
INTRODUCTION
A driver’s highest lifetime risk of crashes is in the months immediately following licensure
(Curry et al, 2015; Gershon et al, 2018). Multiple analyses have revealed that inadequate skills
and insufficient experience explain much of the early licensure crash risk (Curry et al, 2011;
McDonald et al, 2014; McKnight & McKnight, 2003). However, the on-road examination for
licensure (ORE)—which remains the “gate” between the learner period and licensed driving—is
limited in the hazards to which it exposes applicants in part due to the risk that it would pose to
the evaluators and applicants. Research has shown the value of extending the ORE in order to
better identify at-risk drivers (Horswill et al, 2015; Wells et al, 2008).
Laboratory-based simulated assessments have demonstrated their utility in differentiating drivers
according to skill and experience, and reveal skill deficits that are associated with real-world
driving (e.g. hazard anticipation, speed management and attention maintenance) (McDonald et
al, 2015; Chan et al, 2010). However, specialized hardware and software have prohibited the
wide-scale field deployment of tools developed in the laboratory.
In 2017 the Ohio Bureau for Motor Vehicles (OBMV) began a pilot to assess the feasibility and
utility of a virtual driving test (VDT) as a safety screener to ensure adequate preparedness and
safety skills of new driver’s license applicants prior to proceeding to the ORE. As described
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previously (Walshe et al, 2018), the VDT builds on previously validated laboratory-based
simulated assessments, but is delivered as portable, self-guided virtual test that runs on standard
computer hardware and can be completed in less than 15 minutes. The VDT utilizes the
hierarchical model of driving behavior proposed by Berg (2006) and others (Hatakka et al, 2002)
as its theoretical foundation, while also exposing drivers to the most common, serious crash
scenarios in a safe and replicable way. Each drive includes situations that tax skills at the
operational level for vehicle maneuverability and control, as well as those at the tactical level for
knowledge of traffic rules, managing hazards and interacting with other road users (McDonald et
al, 2012). A previous study demonstrated initial construct validity of the VDT by showing
association between VDT metrics (simulated traffic collision, errors at red lights and stop signs,
and went off-road/route) and failure on the ORE (Walshe et al., 2018). The current study aimed
to replicate these findings in a new sample of data that has subsequently been collected.
METHOD
Dataset
Diagnostic Driving, Inc., provided a de-identified dataset with VDT
and ORE performance data for 2,500 driver license applicants over a
three-month period (January 2018-March 2018). As described
previously (Walshe et al., 2018), this was part of a pilot phase and
no additional data were collected during this pilot phase
(demographics). All applicants took the VDT only once and fewer
than 2% did not complete the VDT (largely due to being called for Figure 1. Workstation Setup: 1)
standard monitor, 2) standard
their ORE before completing).
computer, 3) off-the-shelf USB
steering wheel & pedals.

Procedures
Apparatus and Materials. The VDT (Ready-Assess™: Diagnostic Driving Inc.) was developed in
collaboration between OBMV subject matter experts and the Children’s Hospital of Philadelphia.
The VDT is a completely self-guided, cloud-based and portable software assessment that is
delivered on ubiquitous hardware (see Figure 1). See Walshe et al. (2018) for more description.
Workflow. OBMV staff invited driver license applicants arriving at test centers to volunteer to
complete the VDT immediately before their pre-scheduled ORE. The VDT workflow lasted 15
minutes, and included an orientation video, acclimation drive, a brief instructions test, and finally
the assessment drive (see Walshe et al., 2018). Applicants completed one of ten randomly
assigned assessment course variants, all of which incorporated common, serious crash scenarios
(McDonald et al, 2012; USDOT, 2008). These scenarios included: rear-end events (lead car
brakes suddenly); intersections (between 8-13 with instructions to turn left, right, or continue
straight at three- and four-way stop signs and traffic lights); curved roads; merges; and hazard
zones (construction zones, crosswalks, etc.). In order to best reflect the local driving
environment, these driving scenarios also included varied setting (urban and suburban) and onroad elements (school buses, pedestrians, etc.). These courses, designed with Ohio subject matter
experts, are proprietary to Diagnostic Driving Inc. and the State and are currently an active part
of the licensing workflow: thus we cannot describe the drives in greater detail. After the
assessment, applicants completed a three-item feedback survey using a 5 point Likert response
scale (see Walshe et al., 2018).
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Analytical Procedures
Variables of Interest. Variables used included: i) categorical workflow metrics exploring
applicants’ ability to successfully complete various steps in the workflow, and ii) driving
performance variables, examining simulated driving skills (Table 1).
Table 1. Key VDT performance variables, definitions & metrics based on hierarchical model (Berg, 2006)
Variable

Definition

Metric

Operational Level: lower level skills for vehicle maneuverability
Off-Road/Route

Driving off-road or off-route: e.g. inability to keep vehicle
on-roadway.

At least 1 unique occurrence of driving
off-road or off-route.

Tactical Level: skills for traffic and hazard management
Median of driver mean velocity in miles per hour.

n/a.

Speed Ratio

Median ratio of driver velocity to posted speed limit.

n/a.

Red Light Error

Driving through red traffic lights without coming to a
complete stop (velocity >0)

At least 1 occurrence of red light
running

Stop Sign Error

Driving through stop signs without coming to a complete
stop (velocity >0)

At least 1 occurrence of rolling stop

Traffic Collision

Any overlap between the driver’s vehicle body with either
the body of another vehicle or a pedestrian.

At least 1 occurrence of a collision.

Environmental
Collision

Any overlap between the driver’s vehicle body with a
stationary environmental object: e.g., sign pole, curb, etc.

At least 1 occurrence of a collision.

Speed

Statistical Tests. The researchers received a de-identified dataset of 2,500 cases. Of these, 2,368
applicants (94.7%) completed the entire VDT workflow. With this sample, the analytical plan was
replicated from the previous study. (Walshe et al., 2018) Descriptive analyses were conducted for
ORE outcomes and VDT variables of interest. Chi square tests and Wilcoxon rank-sum tests,
respectively, compared frequency distributions and continuous variables with ORE pass/fail. In
order to avoid a Type 1 error, a Bonferroni-corrected alpha value was used (હ=.004). All analyses
were conducted using R (https://www.r-project.org/).
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RESULTS
Of the 2,500 total cases, 679 (27.2%) failed the ORE, which is
similar to the OBMV’s overall ORE fail rate. Nearly all (94.7%)
applicants presenting at the OBMV completed the VDT
immediately prior to the ORE (see Figure 3). User feedback was
positive—“I understood the directions provided in the simulator”, “I
felt comfortable with the driving controls”, and “the simulated
scenarios were a reasonable representation of what I see on the
road” were all rated >3.4 (of a possible 5). OBMV staff reported
that less than 2% of applicants who took the VDT reported
symptoms of simulator sickness.
Tables 2 and 3 illustrate the workflow metrics and performance
variables frequencies, respectively, in relation to those who passed
and those who failed the ORE. Overall, failure to complete each
step of the VDT workflow was significantly associated with failing
the ORE. Furthermore, while the overall minority of drivers
Figure 3. Derivation of sample.
committed performance errors on the VDT, a greater frequency
of driving errors were committed among those who failed the
ORE compared to those who passed the ORE (all p<0.001). Specifically, the proportion of
applicants with traffic collisions, off-road/route errors, stop sign errors, and red light errors was
significantly greater among those who failed the ORE than those who passed (all p<0.001, see
Table 3). Environmental collisions did not differentiate drivers regarding ORE pass/fail (p=0.38).
Speed metrics differentiate drivers (p<0.001), but the numerical difference was small.
Table 2. Workflow metrics with p-values for comparisons between those who passed and failed the ORE for
the replication and original validation samples
Replication Sample

Original Sample

All
Applicants
(n=2500)

Passed
ORE
(n=1821)

Failed
(n=679)

P-value

All
Applicants
(n=2143)

Passed
ORE
(n=1576)

Failed
ORE
(n=567)

P-value

Did not complete
acclimation drive

25 (1.0%)

7 (0.4%)

18 (2.7%)

<0.0001

33 (1.5%)

19 (1.2%)

14 (2.5%)

0.03

Did not pass
instructions test■

98 (3.9%)

31 (1.7%)

67 (9.9.%)

<0.0001

109 (5.2%)

42 (2.7%)

67 (12.3%)

<0.0001

Did not complete
entire VDT
workflow■

93 (3.7%)

54 (3.0%)

39 (5.7%)

0.0009

162 (7.6%)

87 (5.5%)

75 (13.2%)

<0.0001

Workflow Metric

■ Calculated on those who completed acclimation drive (n=2461 for replication; n=2093 for original); α= 0.004.
Note: p-values in bold are statistically significant. Subject matter experts provided information on why some applicants could not
complete either the introductory drive or the assessment drive: driver had a language barrier; driver did not understand the
instructions; driver was frustrated with the VDT software; driver was called for ORE earlier than expected; driver walked away
from the workstation; driver experienced symptoms of simulator sickness (<2%) and ceased..
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Table 3. VDT performance variables with p-values for comparisons between those who passed and failed the
ORE for the replication and original validation samples
Replication Sample

Original Sample

All
Applicants
(n=2368)

Passed
ORE
(n=1755)

Failed
ORE
(n=613)

P-value

All
Applicants
(n=1981)

Passed
ORE
(n=1489)

Failed
ORE
(n=492)

P-value

OffRoad/Route⁺

269 (11.4%)

146
(8.3%)

123
(20.1%)

<0.0001

315 (15.9%)

189
(12.7%)

126
(25.6%)

<0.0001

Speed⁺

18.6 mph

18.7 mph

18.1 mph

<0.0001

18.3 mph

18.4 mph

17.9 mph

0.0005

Speed Ratio⁺

0.52

0.53

0.51

<0.0001

0.51

0.51

0.50

0.0004

Red Light
Error⁺

405 (17.1%)

254
(14.5%)

151
(24.6%)

<0.0001

430 (21.7%)

293
(19.7%)

137
(27.8%)

<0.001

Stop Sign
Error⁺

347 (14.7%)

229
(13.0%)

118
(19.2%)

0.0002

338 (17.1%)

218
(14.6%)

120
(24.4%)

<0.0001

Traffic
Collision⁺

807 (34.1%)

567
(32.3%)

240
(39.2%)

0.002

689 (34.8%)

480
(32.2%)

209
(42.5%)

<0.0001

Environmental
Collision⁺

655 (27.7%)

471
(26.8%)

184
(30.0%)

0.14

614 (31.0%)

452
(30.4%)

162
(32.9%)

0.38

Performance
Variable

⁺ Calculated on those who completed VDT assessment drive (n=2368 for replication; 1981 for original); હ= 0.004.
Note: p-values in bold are statistically significant at the corrected alpha level.

CONCLUSION
This study replicated previous validation study results of the VDT (Walshe et al., 2018) in a new
sample of 2,500 applicants. Consistent with the previous study, the current sample demonstrated
positive user acceptability ratings, and almost all completed the assessment drive. In the
replication sample, a smaller number of applicants were unable to complete the VDT and
inability to complete the VDT remained strongly associated with failing the ORE. Further, the
VDT performance variables continued to differentiate applicants regarding ORE result. Drivers
who failed the ORE showed errors in i) controlling the simulated vehicle (go off-road/off-route),
ii) adhering to traffic light intersections (stop sign/red light errors) and iii) avoiding traffic
collisions (with vehicles or pedestrians). As in the previous study, environmental collisions did
not differentiate drivers, and although there was a significant difference in the speed metrics, the
difference is too small to interpret meaningfully. This suggests a need for more sensitive metrics.
Replication is a key tool to verify facts for empirical studies (Schmidt, 2009). Especially in
situations in which a new tool will be used to make important decisions (as in this case, approval
to proceed to an ORE), it is essential to confirm that the results are correct and reliable,
remaining consistent when the same methods are applied to a different sample. This study took
another step towards VDT validation by repeating previous methods to validate the VDT within
a new sample. Thus far, these results confirm that the VDT is reliable in differentiating drivers
according to ORE results. It is also consistent with research on novice drivers that a large
percentage of drivers experienced errors, including simulated collisions: compared to
experienced drivers, novice drivers at the time of licensure display deficits in skills needed for
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safe driving (McKnight & McKnight, 2003; Gershon et al, 2018). Further replication studies for
the VDT will be needed in new sites (rural, as well as urban/suburban) to ensure the
generalizability of these results.
The study was limited by two key factors (as in the previous study). First, this study lacked
demographic information due to restrictions placed by OBMV. Age and sex are known risk
factors for crashes among novice drivers (Bingham & Ehsani, 2012), and may explain some
variability in performances among new drivers seeking licensure. Future work will link VDT and
ORE outcomes to licensing data records to add demographic variables to the dataset. Second,
this analysis used a small number of validated variables that do not comprehensively capture all
safety-critical driving skills previously identified in the literature. The VDT collects time series
data which can be used to create additional variables (e.g., headway time, lane deviation, etc.);
however, these variables involve post-processing and were not validated at the time of this
analysis. The addition of these variables will allow us to go beyond comparisons of frequency
distributions and assess comprehensive regression models to identify which driving performance
skills are predictive of ORE outcomes. Future planned analyses will examine the predictive
ability of the VDT not only for ORE results but also for crashes in their first months of licensed
driving (Curry et al, 2015; Gershon et al, 2018). For this we are developing Machine Learning
modeling methods (Grethlein et al, under review) which includes exploring clusters of
performance variables/errors.
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