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Abstract Investigate how novice drivers with autism
spectrum disorder (ASD) differ from experienced driv-
ers and whether virtual reality driving simulation training
(VRDST) improves ASD driving performance. 51 novice
ASD drivers (mean age 17.96 years, 78% male) were ran-
domized to routine training (RT) or one of three types of
VRDST (8-12 sessions). All participants followed DMV
behind-the-wheel training guidelines for earning a driver’s
license. Participants were assessed pre- and post-training
for driving-specific executive function (EF) abilities and
tactical driving skills. ASD drivers showed worse baseline
EF and driving skills than experienced drivers. At post-
assessment, VRDST significantly improved driving and EF
performance over RT. This study demonstrated feasibility
and potential efficacy of VRDST for novice ASD drivers.
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Virtual Reality Driving Simulation Training
(VRDST)

Virtual reality driving simulation (VRDS), which involves
real-time interaction with a driving console and a virtual
world (see Fig. 1), offers a safe environment to assess and
provide targeted interventions for individuals who are in the
process of obtaining a driver’s license (Adler et al. 1995;
Brooks et al. 2013; Hoffman et al. 2002). Applied to the
needs of adolescents and young adults with an autism spec-
trum disorder (ASD), the use of VRDS training (VRDST)
allows for repetition in a controlled and safe environment,
naturalistic settings in a primarily visual world, modified
scenarios to foster generalization of learned skills, an indi-
vidualized approach, different modes of computer interac-
tion, reduced boredom and fatigue, and the inclusion of
eye-tracking (Bolte 2004; Parsons et al. 2004; Strickland
1997). The latter allows feedback about gaze, which pro-
vides potentially important training benefits because gaze
patterns reflect drivers’ competence and gaze training
increases competence (Malik et al. 2009; Pradhan et al.
2007).

Virtual reality driving simulation training has already
shown improvement in driving performance and success-
ful prediction of future driving mishaps (collisions and
citations for moving vehicle violations). For example,
VRDST improved driving performance in elderly drivers
(Casutt et al. 2014) and novice drivers learning to drive
(Cox et al. 2009), and improved visual search for hazards in
young novice drivers (Vlakveld et al. 2011). Furthermore,
VRDST has proved useful with patient populations. For
instance, VRDST improved driving performance in indi-
viduals recovering from stroke (Akinwuntan et al. 2005)
and in military personnel recovering from traumatic brain
injury (Cox et al. 2010). These military personnel also
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Fig.1 Simulator displaying a road hazard (motorcyclist emerging
from behind traffic) requiring a defensive maneuver

experienced a reduction in road rage and risky driving.
Performance on VRDS can predict future driving mishaps
of both novice drivers (Cox et al. 2015b) and senior driv-
ers (Cox et al. 1999). Consequently, employment of VRDS
holds promise in the identification of driving challenges
specific to those with ASD and in training general driving
skills and targeted ASD-specific driving challenges.

Driving with Autism Spectrum Disorder

Only a limited number of studies have used VRDS to
assess driving skills in ASD participants. On-road studies
have never been reported. This gap in the research is sur-
prising given the critical role that motor vehicle driving
plays in adolescent development and functional independ-
ence. For individuals with and without ASD, acquiring a
driver’s license is associated with increased participation in
full-time academic programs, plans to attend college, and a
history of paid employment (Huang et al. 2012). A recent
upsurge in research on motor vehicle driving for individuals
with ASD reflects an improved understanding of this disor-
der’s lifetime course and changing functional impairments
across development (Classen and Monahan 2013; Classen
et al. 2013; Cox et al. 2012; Huang et al. 2012; Reimer
et al. 2013; Sheppard et al. 2010). While many individuals
with ASD have secured a driver’s license and are able to
safely operate a motor vehicle, emerging research indicates
that the acquisition of safe driving skills is often difficult
for this population (Classen et al. 2013; Cox et al. 2012;
Huang et al. 2012; Ross et al. 2015b). Therefore, individu-
als with ASD are less likely than their peers to acquire a
driver’s license. If they do acquire a license, they obtain it
significantly later (Cox et al. 2012; Daly et al. 2014).
Difficulties in learning to drive may be caused by the
negative interference of characteristics that are often asso-
ciated with ASD. For example, executive functioning dif-
ficulties (reflected in limited self-monitoring, creativ-
ity, mental flexibility, and planning abilities) could cause

driving to be stressful and dangerous (Ross et al. 2015b).
In support, executive functioning has been related to driv-
ing performance in adolescents and young adults with ASD
(Cox et al. 2016). It has also been related to driving perfor-
mance in other populations, such as neuro-typical adoles-
cents and young adults (Lambert et al. 2014; Mintyla et al.
2009; Ross et al. 2015a), the elderly (Aksan et al. 2012;
Freund et al. 2008), and adults with ADHD (Reimer et al.
2006). Furthermore, executive functioning training has
been shown to transfer to driving performance. For exam-
ple, computer-based cognitive training was found to be
predictive of improvements in motor vehicle collisions in
elderly drivers (Ball et al. 2010; Cassavaugh and Kramer
2009).

In regard to hazard perception, it has been suggested
that adolescents with ASD might be less likely to identify
socially relevant road hazards, such as pedestrians (Shep-
pard et al. 2010). A subsequent study from the same group
suggests a more general attentional process in which indi-
viduals with ASD may distribute and direct their atten-
tion differently to road hazards, indicating subtle orienting
differences (Sheppard et al. 2016). Furthermore, they are
less likely to monitor all relevant visual fields while driv-
ing (Reimer et al. 2013). An experimental study using eye-
tracking technology found that when young male adults
were distracted by a mobile phone, both the ASD and
control groups increased their focus on the road ahead,
therefore paying less attention to the overall driving envi-
ronment, such as the surrounding traffic. The ASD group
especially paid less attention to traffic (Reimer et al. 2013).
A study from Wade et al. (2014) replicated these results.
They found that the gaze from a group of adolescent ASD
drivers was higher in the vertical direction and toward the
right in the horizontal direction during simulated driving.

A few studies indicate that adolescents and young adults
with ASD face additional difficulties when learning to
drive. Adolescents with ASD have difficulties with shift-
ing their attention, sequential task performance, and the
integration and coordination of visuomotor responses. Dur-
ing simulated driving, they performed worse than healthy
controls on lane maintenance, visual scanning, speed regu-
lation, signaling, and adjusting to stimuli (Classen et al.
2013; Monahan et al. 2013).

To further complicate the matter, great variability is
present among the ASD population. The relationship
between ASD and driving might not always be negative,
such as when a tendency for perfectionism could be consid-
ered beneficial when learning to drive (Ross et al. 2015b).
Developing effective driver-training programs is critical to
improving functional outcomes and promoting independ-
ence of adolescents and young adults with ASD.

There was no literature available on using VRDST
to improve the driving performance of novice drivers
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diagnosed with ASD. Therefore, this study is the first to
investigate how novice ASD drivers differ from “safe” driv-
ers with respect to driving-specific measures of executive
functioning (EF). VRDST options that move novice ASD
drivers closer in performance to routine drivers were also
explored.

Hypotheses Tested

This study investigated four main hypotheses. (1) Novice
drivers with ASD will perform worse on general driv-
ing skills and working memory than experienced drivers.
(2) VRDST will lead to improved general driving perfor-
mance on a virtual reality driving simulator. (3) VRDST
focused on driving-relevant EF will improve that ability. (4)
VRDST can be enhanced by adding non-human automated
feedback and/or eye-tracking feedback.

Methods
Overview

In this multi-center study, a total sample of 51 ASD indi-
viduals (U.Va.; n=25, mean age=17.83, 87.5% male, and
U.l; n=26, mean age=18.08, 73.1% male) were rand-
omized to one of four conditions (Routine Training or one
of three variations of VRDST) for 3 months. All partici-
pants had earned their learner’s permit but not their driver’s
license. Driving-specific EF and general tactical assess-
ments occurred at baseline and after 3 months of training.

Facilities

The commercially available Driver Guidance System
(DGS-78) VRDS is a realistic driver’s cockpit with side-
and rear-view mirrors. The driver’s view is projected onto a
2.44 m (8 ft) diameter, 210° curved screen (Fig. 1). Driving
performance on this simulator can differentiate a number of
groups, such as novice drivers with and without ASD (Cox
et al. 2016), and drivers with corrected vs. uncorrected
astigmatism (Cox et al. 2015a). Simulator performance also
predicted future driving mishaps during the first 6 months
of independent driving (Cox et al. 2015b). Finally, training
on the simulator improved on-road driving of neuro-typical
novice drivers (Cox et al. 2009).

This VRDS has two assessment capabilities: driving-
specific executive functioning (EF) abilities and general
tactical skills (Cox et al. 2016). EF tests were modeled
after traditional neuropsychological tests, e.g., dual task-
ing, response inhibition, and working memory (see Table 1
[Table 1 located between next paragraph and paragraph
beginning “Tactical testing”] for a description). Tests
included driving-relevant stimuli, responses, and context.
This allowed for enhancement of ecological validity. All
tests used the same environment, thus reducing re-adapta-
tion from one test to another. The participant drove down
the middle lane of a three-lane highway with the simula-
tor maintaining a constant distance from a lead car at
56.33 km/h (35 mph). To equate task instructions, all par-
ticipants heard the same instructions, delivered at the same
point in the task by the simulator’s synthetic voice. Details
of this testing method have been published previously (Cox
et al. 2016, 2015a).

Table 1 VRDS executive function tests with task description and selection of primary and secondary variables

Task Description

Primary

Secondary

Dual tasking The lead car’s brake lights come on eight
times (four times for 3 s and four times
for 1 s) and it passes over eight potholes
(four black “deep” and four grey “filled”
potholes). The participant is to brake
to all brake lights and steer around all
potholes as quickly as possible

Response inhibition ~Same as dual tasking but inhibit specific
response types (no braking response to
brief brake lights or steering response
to grey potholes, continue to brake to
long brake lights and steer around black

potholes)

Working memory Same as response inhibition with the
addition of remembering 1-3 road signs
recently passed in the order that they

appeared

# of brake lights braked to + # of
potholes steered around

# of correct braking responses + #
of correct steering responses

# of signs recalled in correct order

Braking and steering reaction times
filtered® for inattention errors

Braking and steering reaction times
filtered® for inattention errors

Correct responses to the response inhi-
bition component

#Filtered: mean reaction time scores were only included if a minimum number of trials were responded to, otherwise “-3” was applied for that

z-score as a conservative method to avoid extreme scores
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All three EF abilities tested have been previously linked
to driving (Cascio et al. 2014; Cassavaugh and Kramer
2009; Cox et al. 2016; Ross et al. 2014, 2015a). Dual task-
ing refers to the simultaneous execution of tasks. Response
inhibition assesses the ability to suppress the processing,
activation, or expression of information (or action) that
would otherwise interfere with the attainment of a desired
cognitive or behavioral goal (Dempster 1992; Hofmann
et al. 2012). Working memory is a limited capacity system
responsible for the temporary storage, rehearsal, updating,
and mental manipulation of information for use in guiding
behavior (Baddeley 2007). The working memory test was a
complex span task modeled after the automated operation
span task (Conway et al. 2005; Unsworth et al. 2005) and
provided an index of overall working memory function.
All of the EF tests placed demands on the same stimulus
modality — vision. An EF composite score was created
from the primary variables of all three tests (see Table 1).
Scores were first converted to z-scores to allow a common
metric and then were summed. Thus, the composite score
was an overall reflection of EF driving abilities. A compos-
ite score of “0” was average, while a negative composite
score was below average.

Tactical testing followed the framework from Michon
(1985) that involved maneuvering a vehicle while negoti-
ating different road and traffic environments and situations
(Dickerson and Bédard 2014). It is analogous to an on-road
test of driving skills, but performed in a safe, reliable, yet
challenging virtual world. The tactical test involved driving
on a standardized route that included 4.2 km (2.6 mi) of
rural, 6.4 km (4 mi) of highway, and 3.2 km (2 mi) of urban
roads. Drivers negotiated realistic roads with anticipated

and unanticipated signal, traffic, and hazard demands. To
avoid practice effects, a different tactical course was used
for the pre- and post-assessments, but both were similar in
mileage and degree of challenge.

Fifteen tactical variables, which included swerving,
rolling stops, speeding, and collisions, were monitored
throughout the routes and contributed to a tactical driving
composite score (see Table 2 [Table 2 located after this
paragraph and before Driver Training heading]; Cox et al.
2015b, 2016). Variable selection was based on a previous
assessment of the relationship between variables and crash
history of neuro-typical experienced drivers, as well as
prior experience with patient groups that involved the selec-
tion of variables that readily distinguished between groups
while being related to traffic safety. The tactical composite
score was calculated similarly to the EF composite score
but incorporated tactical variables. Past research has dem-
onstrated the usefulness of a tactical composite score as a
valid overall measure of driving performance. For example,
tactical composite scores predicted future driving collisions
of seniors (Cox et al. 1999), differentiated drivers with and
without ADHD (Cox et al. 2000), and predicted on-road
driving performance (Cox et al. 2010) and future driv-
ing mishaps of novice drivers during their first 6 months
of independent driving (Cox et al. 2015a, b). The tactical
composite score was the primary VRDS outcome variable.

Driver Training
Routine training (RT) involved giving participating fami-

lies the state-specific DMV training manual and instructing
them to follow the training program detailed in the manual.

Table 2 Tactical variables Category

Variables

Braking

Speed

Steering

Judgement

Crash (# collisions >8.05 km/h (5 mph))

Bump (# collisions <8.05 km/h (5 mph))

Rolling stop (>0 and <8.05 km/h (5 mph) across stop
line)

Tailgating (following within 4.57 m (15 ft) of lead car)

Deceleration smoothness (Braking)

Speeding (driving >8.05 km/h (5 mph) and <32.19 km/h
(20 mph) over posted speed limit)

Reckless driving (driving >32.19 km/h (20 mph) over
limit)

Speed variability (SD speed)

Off road (seconds off road)

Off path (missed turns)

Off road Resets (10 s)

Crossing midline (penetration into oncoming lane)

Swerving (SD lane position)

Number of lane changes
Excessively slow driving (>32.19 km/h (20 mph) below
limit)

@ Springer



2548

J Autism Dev Disord (2017) 47:2544-2555

Table 3 Demographic data

Group N Mean age (years) % Male Mean # of
assigned/ VRDS ses-
completed sions

RT 23/19 17.96 73.9 NA

Standard 14/14 17.93 85.7 10.15

Automated  14/13 17.86 85.7 9.69

Eye-tracking 18/17 18.05 72.7 9.39

This included a tracking sheet to document supervised on-
road driving experience.

Standard VRDST involved a minimum of eight and a
maximum of twelve 1-hour sessions, depending on how
quickly the participant progressed through the VRDST
modules (see Table 3 for average number of sessions)
[Table 3 located before Comparison Group heading, a few
pages down, after the paragraph beginning “Requiring a
learner’s permit...”]. Within a training session, the focus
alternated between EF driving deficits identified during
the baseline assessment and tactical driving skills. Train-
ing was a mastery-based program, meaning a participant
did not progress to a subsequent stage of training until mas-
tering the earlier training module. During each session, the
trainer would first “get behind the wheel” to demonstrate
the task to the participant, and then monitor participant
performance while providing continual positive verbal
feedback. The training stages were as follows:

1. Reviewing pre-assessment, identifying deficits

2. Maintaining lane position on straight roads, curvy
roads, and in turns

3. Braking, stopping, and speed maintenance

4. Refining lane and speed maintenance with executive
functioning tests

5. First generalization of skills on a rural and urban route

with no traffic

Use of mirrors and turn signals

Hazard detection

Multi-tasking

Navigating traffic

Second generalization of skills on a rural and urban

route with traffic

SN I

To ensure treatment fidelity across sites and trainers, a
structured trainer manual was developed that detailed each
step of the training procedure. This manual is available
upon request.

Automated VRDST was identical to Standard VRDST,
only the simulator’s computerized voice provided real-
time auditory feedback (e.g., “too fast”, “did not stop”,

“wide turn”, “tailgating”) instead of the trainer when the
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participant transgressed tactical thresholds. The variables
for which thresholds were set included:

e Driving too fast (for specific road segments [e.g., open
road with no instructions to change lane or other decel-
eration instructions] and against a normative popula-
tion)

e Driving too slow (for specific road segment and against

a normative population)

Swerving

Rolling stops

Missed stops

Not using turn signals (lane change and turning)

Position in lane (for specific road segment and against a

normative population)

e Turning too wide (for specific road segment and against
a normative population)

e Turning too tight (for specific road segment and against
a normative population)

e Tailgating

e Bumps and crashes

Eye-tracking VRDST incorporated eye-tracking (Mobile
Eye XG, Applied Science Laboratories; Bedford, MA)
into Standard VRDST in various ways. First, a member of
the research team produced videos of the eye-view (three
per module) while the driving tasks were performed. This
largely replaced the trainer demonstration from Standard
VRDST. These videos were produced using the eye-tracker.

Fig. 2 Two types of eye-tracking feedback: driver view (fop red dot)
and aerial view (bottom red line). The thin horizontal bar above the
dashboard represents the position of the integrated eye-tracker. (Color
figure online)
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Two feedback options modeled exactly where the partici-
pant should look while driving (see Fig. 2). After view-
ing the model video, the participant wore the eye-tracker
“glasses” during his/her drives, from which a video of
their eye gaze during driving was produced for review (see
Fig. 2). Once a segment was completed, the trainer and par-
ticipant would review performance. This was particularly
helpful around intersections. For example, the trainer could
clearly see if a failure to stop occurred because the partici-
pant never scanned for a stop sign or checked the state of a
stoplight, or because s/he had checked but either ignored or
misinterpreted the signal.

Procedure
Assessment Phase

Interested adolescents and their parents came to the driv-
ing laboratory and were escorted to a private room where
they were verbally informed about the study and consented/
assented once all their questions were addressed. Informed
consent was obtained from all participants in the study.
Participants were then screened for inclusion/exclusion
criteria. Parents completed a short demographic survey
that included specific questions about their child’s diag-
nosis (including the presence of comorbid disorders such
as depression or anxiety), the SRS-2, the BRIEF, and the
BASC-2. Parent responses on the SRS-2 were used to con-
firm a diagnosis of ASD. A score greater than 1.5 standard
deviations beyond the normative mean was required. While
parents completed the questionnaires, participants were
assessed on the VRDS with both EF and tactical tests. Post-
assessment was identical to pre-assessment in terms of the
VRDS testing, except a different tactical course was used
for the pre- and post-assessments (see Fig. 3).

Training Phase

In this exploratory quasi-experimental design, 28 partici-
pants were randomized to either Standard or Automated
VRDST during the first year. This allowed for determina-
tion of the optimal training condition on which to add eye-
tracking in the following year. Since Automated VRDST
was not found to be superior to Standard VRDST, eye-
tracking was added to Standard VRDST. During the sec-
ond year, 23 participants were recruited and assigned to the
RT group. After completing pre-assessment, 3 months of
RT, and post-assessment, 18 of these 23 participants were
subsequently crossed over to Eye-Tracking VRDST. The
post-assessment of RT served as the pre-assessment for
Eye-Tracking VRDST.

Recruit/Consent 51 ASD novice drivers:
25 at UVA and 26 at Ul

\

Pre-Assessment Executive Functioning and
Tactical Driving Skills

Standard
—14

Post-Assessment: Executive Functioning and
Tactical Driving Skills

RT
N =23

V V
[ Post-Assessment: Executive Functioning and ]

Tactical Driving Skills

<
0550\‘e

Fig. 3 Study flow chart

This design allowed identification of whether automated
feedback was beneficial via analysis of the previous year’s
data before moving on to the addition of eye-tracking. It
also minimized the amount of time RT participants had to
wait before receiving training, while controlling for sea-
son of training and on-road driving (summer). Participant
recruitment took place during the spring of 2013 and 2014.
Training took place during the summer and fall of each year
because the availability of adolescents was highest then and
the weather and road conditions were similar across sites.

Participants

This multi-center study recruited participants from the
catchment areas surrounding the two sites through news-
paper and internet advertisements, flyers, and public
announcements. Participants had to meet the following
inclusion criteria:

e Diagnosed with ASD (including Asperger’s, Autistic
Disorder, PDD, or PDD-NOS) by a licensed clinician

e Parents’ rating of child was more than 1.5 standard devi-
ations above the normative mean on screening question-
naires

e Had a valid learner’s permit

e Age 15.5-25 years

e Able to operate the driving simulator without simula-
tion sickness

@ Springer



2550

J Autism Dev Disord (2017) 47:2544-2555

e Able to attend up to 14 study visits (two assessment vis-
its, and up to 12 training sessions) in a 3-month period

e Parent or legal guardian able and willing to provide in-
car driving training at home

No participants were disallowed because of the follow-
ing exclusion criteria:

e Not able to understand written and spoken English

¢ Diagnosis of intellectual disability (ID) or mental retarda-
tion (MR)

e Brain injury

e Diagnosed genetic disorder or chromosomal abnormality
(e.g., Down Syndrome, Prader—Willi Syndrome, Fragile
X, Angelman Syndrome)

e Severe physical, medical, or psychiatric condition that
impairs driving ability (e.g., muscular dystrophy, psycho-
Sis)

Requiring a learner’s permit assured basic levels of driv-
ing knowledge and intellectual capabilities. Requiring on-
road training opportunities served multiple purposes, includ-
ing allowing the transfer of training from the virtual to the
physical world and partially satisfying the DMV require-
ments toward securing an independent driver’s license. Five
participants dropped out of the study due to scheduling dif-
ficulties or family events. One participant dropped out due to
simulation sickness. The study groups did not differ on demo-
graphic variables (Table 3).

Comparison Group

This study compared novice ASD drivers to DMV normative
drivers in terms of magnitude of difference of ASD to nor-
mative data. DMV drivers were licensed, between the ages
of 25 and 75 (N=333, 73% male, mean age=40.0 years),
had come to the DMV for general business purposes (e.g.,
registering a car), and voluntarily drove the VRDS once for
60 min. The age range of 25-75 was taken as a conservative
normative group because the accident rate per miles driven is
relatively flat across this age range (Massie et al. 1995).

The ASD drivers were compared to this group rather than
a neuro-typical novice driver group for several reasons. The
comparison of ASD to neuro-typical novice drivers has previ-
ously been reported (Cox et al. 2016). It is very difficult to age
match the ASD novice drivers to neuro-typical novice drivers
because the ASD group is generally older than the neuro-typi-
cal novice driver. Neuro-typical novice drivers are a high-risk
group and it is preferential to not have the ASD novice drivers
emulate a high-risk group. Additionally, the ASD novice driv-
ers have to “stack up” to routine safe drivers, and any deficits
relative to this group need to be identified and significantly
rectified before engaging in independent driving.

@ Springer

Results

Hypothesis 1: Novice Drivers with ASD Perform Worse
on General Tactical Driving and Working Memory
than Experienced Drivers

Using the DMV normative comparison group’s means (u)
and standard deviations (SD), z-scores were calculated
for the individual EF and tactical variables. These were
then summed into composite scores. Independent sample
t-tests were executed. If the Levene’s test indicated that the
variances were not equal, the corrected parameters were
reported. In addition to testing the hypothesis, exploratory
analyses were conducted on individual performance varia-
bles to indicate which ones differentiated ASD drivers from
the normative sample and should be considered for use in
future training programs.

Consistent with the hypothesis, ASD drivers performed
worse than normative drivers in terms of overall tactical
composite score (t=-4.54, p<0.001) and EF composite
score (t=-2.85, p<0.01), (see Table 4) [Table 4 located
between the end of this paragraph and Hypothesis 2 head-
ing]. Exploratory analyses indicated that in terms of driv-
ing skills, ASD drivers performed worse on nearly every
individual tactical driving variable. However, both groups
had a similar number of rolling stops at stop signs and dem-
onstrated similar control of the accelerator and speed varia-
bility. In terms of EF scores, ASD drivers performed worse
on the number of correct responses for both dual tasking
and response inhibition and the secondary variable of foot/
leg reaction time during both dual tasking and response
inhibition. ASD drivers did not differ in terms of primary
or secondary measures of working memory.

Hypothesis 2: VRDST Leads to Better General Tactical
Driving Performance

To evaluate the effects of VRDST on tactical driving per-
formance, the pre- and post-assessment scores were trans-
formed to z-scores based on the mean and standard devi-
ation from the ASD group on both assessments and then
summed to produce the tactical composite scores. Transfor-
mation to z-scores for the normative group was not possible
because the unique post-assessment tactical drive differed
from the pre-assessment drive and no DMV normative data
existed for this drive. Using the composite scores, a 1x4
ANCOVA (between-subjects factor: group) determined the
difference between the groups (RT, Standard, Automated,
Eye-Tracking) on the post-assessment while controlling for
baseline. The results were Bonferroni-corrected.

The general tactical composite score improved differ-
entially across groups (F=5.70, p<0.010), and a signif-
icant covariate (F'=54.83, p<0.001, $=0.50) indicated
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Table 4 Bold row is

; . Variables ASD Normative t p

hypothesized comparison;

italics rows reflect exploratory HISE HISE

analyses of individual elements General tactical driving skill

making up the composite score
Composite score —29.71/6.24 —0.76/21.38 —4.54 <0.01
Excessively low speed —1.15/0.49 -0.18/0.09 -2.59 0.01
Off-path resets (missed turns) —1.54/0.36 0.01/0.06 -4.29  <0.01
Number of lane changes -3.63/0.91 0.39/0.08 -4.40 <0.01
Off-road resets -3.70/1.21 -0.06/0.08 -3.01 <0.01
Crossing midline -1.18/0.24 0.06/0.06 -4.95 <0.01
Swerving —-1.53/0.32 -0.20/0.06 -4.08 <0.01
Time off-road —6.44/1.21 —1.26/1.25 -1.79 <001
Rolling Stops 0.08/0.08 0.01/0.07 0.44 0.52
Deceleration smoothness —-0.88/0.61 0.08/0.06 -1.57 0.12
Crashes —4.75/1.49 —-0.05/0.07 =315 <0.01
Bumps —-2.92/0.73 0.02/0.06 -4.05 <0.01
Tailgating —1.32/0.24 0.22/0.07 -6.16 <0.01
Speeding (8.05 km/h (5 mph) > limit) -0.17/0.16 0.10/0.06 -1.15 0.3
Reckless driving (32.19 km/h (20 mph) > limit) —-0.39/0.26 0.04/0.06 -1.63 0.11
Speed variability 0.12/0.25 0.06/1.24 0.28 0.78
Executive function driving ability
Composite score —1.20/0.41 0.05/0.15 -2.85 <0.01
Dual processing — # correct responses** -0.48/0.19 <0.01/0.07 -2.34 0.02
Dual processing — arm/hand reaction time* 0.07/0.26 -0.02/0.07 0.34 0.73
Dual processing — foot/leg reaction time* -0.86/0.22 0.01/0.99 -3.71 <001
Response inhibition — # correct responses™** -0.34/0.18 <0.00/0.07 -1.73  <0.05
Response inhibition — arm/hand reaction time* -0.26/0.27 0.04/0.07 -1.08 0.28
Response inhibition — foot/leg reaction time* -0.81/0.24 -0.08/0.77 -2.93 <001
Working memory — # signs recalled in correct order**  —0.38/0.21 <0.01/0.07 -1.68 <0.10
Working memory — arm/hand reaction time* —-0.15/0.19 0.02/0.07 -0.81 042
Working memory — foot/leg reaction time* -0.28/0.19 0.01/0.07 -1.43 0.16
Working memory — correct responses* -0.23/0.16 <0.00/0.07 —-144 015

Mean and SE comparing ASD to normative sample in terms of tactical, executive function composite and
individual variable scores, one-tailed tests

**Primary variable, included in composite score

*Secondary variable, not included in composite score

that better baseline performance was associated with
better post-assessment performance. Contrasts revealed
that both Standard and Automated VRDST were supe-
rior to RT. Exploratory analyses indicated specific vari-
able scores differed significantly across groups, albeit
this differed per measure (see Table 5) [Table 5 located
after this paragraph and before Hypothesis 3 heading].
In terms of overall performance, Standard and Auto-
mated VRDST were superior to RT, primarily due to
better steering (less crossing the midline and swerving)
and speed control (less tailgating, speeding, and reckless
driving).

Hypothesis 3: VRDST Focusing on Driving-Relevant
EF Improves that Ability

The same EF tests were used at both pre- and post-assess-
ments, so z-score transformations were again based on the
normative sample to investigate the group effect relative to
the normative sample. Scores from participants who used
double feet (i.e., right foot on accelerator and left foot on
brake pedal) to respond or who performed poorly (>3 SD
below mean) were replaced with “-3”. As with hypothesis
2, post-assessment scores for both primary and secondary
variables were entered into 1 x4 ANCOVAs with baseline
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Table 5 Bold row is hypothesized comparison; italics rows reflect exploratory analyses of individual elements making up the composite score

RT Standard Automated Eye-Tracking F p Contrast
u/SE U/SE u/SE u/SE * [k

Combposite tactical score —3.53/1.01 2.38/1.22 1.60/1.34 —0.8/1.09 5.70 <0.01 RT — Standard*
RT — Automated*

Excessively low speed -0.12/0.21 -0.4/0.26 0.29/0.27  -0.05/0.22 0.53 0.66 NA

Off-path resets (missed turns) -0.06/0.22 0.28/0.27 -0.47/0.28 0.18/0.23 1.49 023 NA

Number of lane changes -0.20/0.19 0.28/0.23  -0.28/0.25 0.21/0.21 1.55 021 NA

Off-road resets -0.13/0.23 0.17/0.28  -0.25/0.29 0.16/0.24 0.64 0.59 NA

Crossing midline 0.49/0.22 -0.27/0.27 0.13/0.28  —0.41/0.24 3.07 0.04  RT — Eye-tracker*

Swerving -0.59/0.18 0.47/0.22  0.43/0.23  -0.09/0.20 6.43 <0.01 RT — Standard**
RT — Automated**

Time off-road -0.33/0.21 0.07/0.25  0.09/0.25  0.23/0.22 1.24 030 7/

Rolling stops -0.17/0.22  -0.04/0.27 -0.81/0.28 -0.17/0.23 1.91 014 7/

Deceleration Smoothness 0.31/0.18 0.01/0.22  -0.40/0.24 -0.05/0.19 1.84 015 /

Crashes -0.39/0.22 0.20/0.27  0.11/0.28  0.16/0.23 140 025 /

Bumps -0.33/0.20 0.19/0.24  0.28/0.26  0.03/0.21 146 023 /

Tailgating -0.33/0.22 -0.13/0.26 -0.12/0.28 0.54/0.23 2.78 <0.05 RT — Eye-tracker*

Speeding (8.05 km/h (5 mph) > limit) -0.48/0.19 0.31/0.24  0.51/0.25  -0.09/0.20  4.04 0.01  RT — Automated*

Reckless driving (32.19 km/h (20 mph) > limit) —0.45/0.19 0.22/0.23  0.30/0.24  0.11/0.20 273 005 /

Speed variability —-0.60/0.20 0.68/0.24  0.50/0.25  -0.22/0.21 6.85 <0.01 RT — Standard**

RT — Automated**
Standard — Eye tracker*

Mean/SE and significance levels comparing the groups at tactical post-assessment, controlled for baseline, one-tailed tests

*Significant comparison of a=0.05

**Significant comparison of a=0.01 (non-significant comparisons are not included)

scores serving as the covariate to determine whether post-
assessment EF was related to baseline performance.
Because there was no automated feedback during EF train-
ing, Standard and Automated VRDST subjects were com-
bined into a single group. VRDST was not associated with
greater improvement on EF than RT (F=1.04, p=0.36). A
priori power analysis (Faul et al. 2007) demonstrated that a
reasonably larger sample size would not find a significant
effect.

A significant covariate (F=17.13, p<0.01, =0.50)
indicated that better baseline performance was associ-
ated with better post-assessment performance. As Table 6
[located after this paragraph and before Hypothesis 4 head-
ing] indicates, few group differences were found for the
improvement of driving-relevant EF. Standard and Auto-
mated VRDST were superior to RT only when consider-
ing the secondary variable of working memory - arm/hand
reaction time.

Hypothesis 4: VRDST can be Enhanced by Adding
Automated Feedback and/or Eye-Tracking

There were no significant contrasts across the three

VRDST groups. Only the Standard and Automated groups
were significantly superior to RT on the tactical simulator

@ Springer

tests. Additionally, Standard VRDST demonstrated the
greatest improvement in both primary and secondary EF
(see Table 6).

Discussion

As hypothesized, this study demonstrated that ASD novice
drivers differed from experienced drivers without ASD on
the tactical test, in which subjects drove through a virtual
world while they negotiated routine and unanticipated traf-
fic and road demands. This replicated findings that com-
pared novice ASD to novice neuro-typical drivers (Cox
et al. 2016). However, in the current study the tactical com-
posite score of —29.71 for novice ASD drivers was nearly
six standard deviations below normative data, which indi-
cated that our ASD novice drivers were extremely deficient
in general driving skills. Tactical skills are based heavily on
driving experience (Dickerson and Bédard 2014) and pre-
dict future collisions of novice drivers (Cox et al. 2015b).
Given that EF typically does not mature until around
age 25 (Lambert et al. 2014) and that ASD can be associ-
ated with deficits in EF (Ross et al. 2015b), it was hypoth-
esized that our ASD sample would differ from our older
and more experienced sample. The data did confirm such
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Table 6 Bold row is hypothesized comparison; italics rows reflect exploratory analyses of individual elements making up the composite score

RT Standard/Automated ~ Eye-Tracking F p Contrast
u/SD u/SD u/'SD * [k

Composite EF score 0.39/0.42 1.17/0.36 0.74/0.44 1.04 0.36 /

Dual processing — correct responses™* —0.53/0.25 -0.04/0.23 —0.53/0.24 142 025 /

Dual processing — arm/hand reaction time* -0.57/0.29  —0.49/0.27 —0.60/0.29 0.04 096 /

Dual processing — foot/leg reaction time* -0.31/0.22  —0.70/0.20 —0.85/0.22 1.68 0.19 /

Response inhibition — correct responses** -0.22/0.29  0.62/0.27 0.01/0.29 252 0.09 /

Response inhibition — arm/hand reaction time* -0.86/0.29  —0.38/0.29 —0.14/0.31 143 025 /

Response inhibition — foot/leg reaction time* -0.76/0.31  —0.72/0.29 —0.82/0.30 0.30 0.97 /

Working memory — signs recalled in correct order**  —0.52/0.29  —0.05/0.26 —0.53/0.28 1.05 0.36 /

Working memory — arm/hand reaction time* —-0.66/0.29  0.33/0.27 —0.04/0.29 3.02 <0.06 RT — Stand-
ard 4+ Auto-
mated*

Working memory — foot/leg reaction time* —0.53/0.26  —0.32/0.24 —0.44/0.26 0.18 0.84 /

Working memory — correct responses™ -0.56/0.29  0.11/0.26 —0.19/0.28 1.51 023 /

Mean/SE for the composite executive function score and the primary and secondary executive function variables at post-assessment, controlled

for baseline, one-tailed tests

*Significant comparison of a=0.05

**Significant comparison of a=0.01 (non-significant comparisons are not included)

differences when a composite score of EF was considered.
However, with a difference of less than one standard devia-
tion, the current findings that novice ASD drivers differed
from older and experienced drivers in terms of dual tasking
and response inhibition may reflect maturation differences
between the ASD and experienced driver groups rather
than autism per se.

Standard and Automated VRDST differentially improved
tactical performance relative to RT, which suggests that
VRDST can improve basic driving skills. Two prior studies
support the significance of this by demonstrating that tacti-
cal test composite scores both predicted future collisions of
senior drivers (Cox et al. 1999) and future driving mishaps
of newly licensed drivers (Cox et al. 2015b).

Eye-Tracking VRDST did not significantly improve tac-
tical performance relative to RT, contrary to the Standard
and Automated VRDST groups. This lack of significance
may be due to the sometimes obtrusive or irritating nature
of wearing eye-tracking glasses. This could be corrected in
future studies by using dash-mounted eye trackers. It was
not surprising that VRDST did not differentially improve
EF since initial deficits in this parameter were minimal.

The very significant covariates for post-training assess-
ments indicate that those who initially performed well per-
formed better after training. This suggests that very poor
baseline performance may identify a driving candidate who
might not improve significantly in the short term. If follow-
up research confirms this, then poor initial VRDS perfor-
mance may suggest that further training might not be worth
pursuing at this time, or that more intensive training either
with VRDS or in-car methods may be needed.

While a pioneering effort, this study could have been
improved in a variety of areas. A larger sample could have
been recruited. Greater emphasis and documentation of on-
road training during the 3-month training interval could
have been encouraged and analyzed. A control group of
neuro-typical drivers would have allowed for the differ-
entiation of the effects of ASD from that of being a nov-
ice driver. Having normative data for the post-assessment
tactical score would have allowed determination of how
much training moved the ASD sample toward safer driver
performance.

Despite these limitations, this initial simulation training
study demonstrated the feasibility of VRDST for novice
drivers with ASD and identified areas of future research.
In addition to correcting the above issues, applying a fixed
treatment protocol (e.g., eye-tracking) to all participants
may have been counterproductive. For example, some par-
ticipants apparently benefitted from eye-tracking feedback,
while others did not have initial difficulty with gaze direc-
tion or duration. Some participants appreciated the com-
puter-generated automated feedback while others preferred
a human instructor because they found the computer voice
aggravating and distracting, interfering with skill acquisi-
tion. Consistent with the training manual, where partici-
pants spend as little or as much time training on specific
skills as needed, the use of eye-tracking and automated
feedback could also be personalized. VRDST holds sig-
nificant promise to aid individuals with ASD in improving
tactical driving performance, but further research needs to
focus on how best to generalize VRDST skills to real world
driving.
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