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Effects of alcohol on highway driving in the STISIM driving simulator

Monique A. J. Mets*, Esther Kuipers, Lieke M. de Senerpont Domis, Maartje Leenders, Berend Olivier
and Joris C. Verster

Utrecht Institute for Pharmaceutical Sciences, Division of Pharmacology, Utrecht University, Utrecht, The Netherlands

Objective The STISIM driving simulator is widely used. To enhance its usefulness in pharmacological research, a calibration study was
performed to test a standardized highway driving test scenario after administration of three different dosages of alcohol and placebo.
Methods Twenty-seven healthy young adults (14 men and 13 women; mean age (SD)=22.8 (1.4)) participated in this randomized, single-
blind crossover trial. Subjects received alcohol to gain a blood alcohol concentration (BAC) of 0.05%, 0.08%, and 0.11%, or placebo–alcohol. In
each condition, subjects completed a 100-km highway driving simulator test. The standard deviation of lateral position, the weaving of the car,
was the primary parameter of the test.
Results Alcohol produced dose-dependent driving impairment. Standard deviation of lateral position and standard deviation of speed were
significantly increased relative to placebo (p<0.05). Subjective driving assessments were in line with the objective driving measurements.
Conclusion The STISIM highway driving simulator test is able to differentiate dose-dependent impairment after administration of alcohol. The
highway driving test scenario is suitable for future psychopharmacological research. Copyright © 2011 John Wiley & Sons, Ltd.
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INTRODUCTION

Currently, a wide range of driving simulators exist,
which vary in their level of complexity and representa-
tiveness for actual driving. Where older driving simu-
lators primarily measured divided attention skills and
lacked other traffic, modern driving simulators are
much more sophisticated and offer more realistic driv-
ing scenarios to evaluate driving impairment (Cox and
Taylor, 1999; Lee et al., 2003a; Reimer et al., 2006).
One of the most widely used simulators is the STI-

SIM driving simulator. This fully interactive system
enables the driver to control both steering and speed
while visual and auditory feedback is provided. In
addition, driving test scenarios can be adapted to meet
specific test requirements (Liguori, 2009) by varying
road characteristics, weather conditions, and traffic
density. The STISIM driving simulator allows objec-
tive measurement of a great number of parameters
such as speed, lane position, and the number of
collisions (Lee et al., 2003b; Shechtman et al., 2009).
At present, the on-the-road driving tests in actual

traffic are regarded as the gold standard to examine

driving ability (O’Hanlon et al., 1982; Verster and
Roth, 2011). In this test, subjects are instructed to
drive with a steady position and constant speed over
a 100-km highway track. A driving instructor guards
safety because the test is conducted on a public
highway in normal traffic. The standard deviation of
lateral position (SDLP) (i.e., the weaving of the car),
is the primary parameter of the highway driving test.
SDLP is a sensitive measure that differentiates
between dose-dependent driving impairment after
administration of various psychoactive substances,
including alcohol (Louwerens et al., 1987), hypnotics
(Verster et al., 2006), antihistamines (Verster and
Volkerts, 2004), antidepressants (Ramaekers, 2003),
anxiolytics (Verster et al., 2005), and drugs of abuse
(Penning et al., 2010).
Using a driving simulator may be an alternative for

on-road tests if one wishes to use more controlled
circumstances, or manipulate specific test conditions
such as traffic density and weather conditions. There-
fore, Utrecht University developed a standardized
highway driving test scenario in the STISIM driving
simulator, with the aim being representative for the
highway track driven in actual traffic.
The objective of this study was to calibrate the STI-

SIM driving simulator by examining driving perfor-
mance after administration of three different dosages
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of alcohol (0.05%, 0.08%, and 0.11%) and placebo.
Because the effects of alcohol on driving are well-
studied and easy to interpret, alcohol levels provide a
straightforward and clinically relevant reference to
give an indication of the severity of other drugs
on driving ability. It was hypothesized that alcohol
will produce dose-dependent impairment on the test,
expressed in increased SDLP with higher blood
alcohol concentration (BAC).

METHODS

This study was a single-blind, placebo-controlled
randomized crossover trial. The study was approved
by the Medical Ethical Committee of the University
Medical Center Utrecht, and the study was conducted
according to the ICH Guidelines for ‘Good Clinical
Practice’ (ICH, 1996), and the Declaration of Helsinki
and its latest amendments. Written informed consent
was obtained from each subject before the start of
the study.

Subjects

A total of 27 healthy volunteers were included in the
study. Subjects were recruited by means of local
advertisements. Subjects were included if they were
between 21 and 50 years old, had a valid driver’s
license for at least 3years, and if they were self
reported to be social drinkers (7 to 21 alcoholic drinks
per week). Exclusion criteria were current or past drug
use, being pregnant, present use of psychoactive
medication, positive alcohol breath test, physical or
mental illness, simulator sickness, excessive smoking
(more than 10 cigarettes per day), and consumption
of more than five caffeine-containing beverages per
day. Before every session, urine drug screening was
performed to detect the presence of amphetamines
(including MDMA), barbiturates, cannabinoids,
benzodiazepines, cocaine, and opiates; for female
participants a b-HCG pregnancy test was carried out.
Subjects with positive test results were excluded.
Alcohol use was examined using a breath analyzer,
Dräger Alcotest 7410 Breath Alcoholmeter (Dräger,
Lübeck, Germany). Participants were told to refrain
from alcoholic drinks 24h before the start of each test
day, and were not allowed to smoke or consume
caffeinated beverages on the test days.

Procedure

The study started with a training session to screen the
subjects and to familiarize them with the procedures.
If they met the inclusion and exclusion criteria, partici-
pants had a practice session in the STISIM driving

simulator. During this session, simulator sickness was
determined using the Simulator Sickness Question-
naire (Kennedy et al., 1993). Participants without
simulator sickness were randomly assigned to a
treatment order comprising four treatments: placebo,
0.05% BAC, 0.08% BAC, or 0.11% BAC. On the test
days, subjects’ compliance was checked by urine drug
testing and alcohol breath testing.
The amount of ethanol necessary to reach the de-

sired BAC level was calculated on the basis of body
weight and gender (Watson et al., 1981). A dosage
of ethanol (ethanol (99.9%) mixed with orange juice
up to a volume of 250ml) or placebo-ethanol (250ml
orange juice) was administered. To enhance treatment
blinding, all beverages were flavored with cognac
aroma, and a nose-clip was worn while consuming
the drink. Subsequently, on each test day, blinded
BAC measurements were performed every 5min after
treatment administration until the desired peak BAC
was reached and alcohol levels started to descend.
When the desired BAC was reached, the driving test
was performed. On the placebo tests day, a series of
breath analyzer tests were performed in a similar man-
ner, to enhance blinding of the subjects. Subjects could
not see the reading of the breath analyzer.

STISIM Highway driving test

Driving tests were performed using STISIM Drive™

(Systems Technology Inc, Hawthorne, CA, USA).
The simulator consists of a car unit with adjustable car
seats and a dashboard and includes a steering wheel,
turn sign indicators, gear lever, and brake, clutch, and
gas pedals (see Figure 1). A realistic roadway scenery
is projected on a wide screen (2.10m�1.58m), placed
1.90m in front of the center of the steering wheel.
Speed and gear numbers are displayed on the
dashboard and the screen. Auditory feedback is pro-
vided by speakers and included sound of the engine,
braking, speeding in curves, wheels, and driving off-
road. Whenever a collision occurs, a broken wind-
shield is projected, and the sound of braking glass
can be heard. Subsequently, the car is placed back in
the middle of the right traffic lane, and subjects can
continue their driving test.
A 100-km highway driving test scenario was devel-

oped by EyeOctopus B.V, tailored to Dutch traffic
situations (e.g., Dutch traffic signs, vehicles, buildings,
and sceneries were included). The test scenario aims to
resemble the on-the-road highway driving test Utrecht
University performs in normal traffic. The scenario
consists of a two-lane highway in each direction with
a lane width of 3.5m (see Figure 2).
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Subjects are instructed to drive with a steady lateral
position in the right (slower) traffic lane while
maintaining a steady speed of 95km/h. Overtaking
maneuvers are allowed only if a subject approaches a
slower moving car. These events are removed during
the data editing process, to allow calculation of statis-
tics based on the ‘clean’ data. Weaving of the car,
expressed by the SDLP(cm), is the primary outcome
measure of the test. A second outcome measure is the
standard deviation of speed (SDS, km/h). Mean lateral
position (MLP, cm) and Mean speed (MS, km/h) are
control variables. Test duration is approximately 1h.

Subjective assessments

After each driving test, participants indicated their
perceived driving quality on a visual analog scale, rang-
ing from 0, which means: ‘I drove exceptionally poorly’
to 20, which means ‘I drove exceptionally well’, and
which included a midpoint of ‘I drove normally’. In
addition, they rated the mental effort to perform the
driving test on an interval scale (15cm) ranging
from ‘almost no effort’ to ‘very great effort’ (Meijman
et al., 1986; Zijlstra and Van Doorn, 1985).

Furthermore, driving style was assessed using bipolar
scales labeled foolish–wise, unpredictable–predictable,
dangerous–safe, tense–relaxed, inconsiderate–considerate,
and irresponsible–responsible (McCormick et al., 1987).

Statistical analysis

Statistical analyses were carried out employing the
SPSS statistical program (version 16). For each
parameter, the mean standard deviation (SD) and
95% confidence interval (95% CI) were computed.
The data were tested for significance by using analysis
of variance (ANOVA) for repeated measures (two-
tailed, p≤0.05). Missing values (about 1%) were
replaced by the group average of the parameter.

RESULTS

Subjects

Five subjects were excluded because of simulator sick-
ness, one subject was insensitive to alcohol, and three
individuals withdrew voluntarily. These subjects were
replaced. A total of 27 completing subjects were
included in the statistical analysis. They participated

Figure 1. STISIM driving simulator

Figure 2. STISIM highway driving test scenario
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in all four conditions of the crossover trial. Data from
one test day of one subject (BAC 0.08%) were miss-
ing. These data were replaced by the group average.
Subjects’ demographics are shown in Table 1.

Blood alcohol concentration levels and blinding

Table 2 shows the mean (SD) BAC that was obtained
before and after the driving test. Each test day, partici-
pants were asked to guess their BAC. Overall, 53.7%
of the alcohol dosages were correctly guessed, indicat-
ing accurate blinding.

Driving performance

Dose-dependent impairment was found on the
driving test (see Figure 3 and Table 3). Mean�SE
SDLP values (cm) in each condition were 28.0�1.2

(placebo), 29.7�1.4 (BAC 0.05%), 33.8�1.4 (BAC
0.08%), and 36.3�1.9 (BAC 0.11%). For all BACs,
SDLP differed significantly from placebo ( p<0.05).
SDLP changes from placebo correlated significantly
with BAC (r=0.459; p<0.0001).
Standard deviation of speed significantly differed

from placebo for BAC 0.08% (F (1,26)=6.7, p<0.015)
and BAC 0.11% (F(1,26)=13.0, p<0.001), confirming
reduced vehicle control (see Figure 3). No statistically
significant differences in mean speed and mean
lateral position were found, indicating that subjects
performed the tests according to the instructions.
Of the eight subjects who had collisions, two

accounted for the majority of them (60%). A total of
25 collisions occurred in the highway study: 4 after
placebo, 6 after BAC 0.08%, and 15 after BAC

Table 1. Demographics

N Age (years) BMI (kg/m2)
Mean driving

distance (km/year)
Alcohol consumption

(# standard drinks/week)
Possession of drivers

license (years)

Men 14 23.4 (1.3) 22.4 (1.4) 7500 (6961) 14.3 (4.2) 5.0 (1.2)
Women 13 22.2 (1.1) 23.1 (2.1) 5050 (10603) 13.9 (3.7) 3.9 (0.9)
Total 27 22.8 (1.4) 22.7 (1.8) 6320 (8813) 14.1 (3.9) 4.4 (1.2)

Abbreviation: Mean SD, mean standard deviation; BMI, body mass index.
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Figure 3. Mean (SE) standard deviation of lateral position (SDLP; cm), and standard deviation of speed (SDS; km/h) for each blood alcohol concentration

Table 2. Mean (SD) of desired and obtained blood alcohol concentration and percentage of correctly guessed suspected treatment

Desired BAC

0.00% 0.05% 0.08% 0.11%

Obtained BAC before driving 0.00 0.050 (0.003) 0.081 (0.003) 0.108 (0.007)
Obtained BAC after driving 0.00 0.033 (0.007) 0.063 (0.009) 0.092 (0.010)
Per cent correctly guessed BAC 61.5 55.6 48.0 44.4

Abbreviation: BAC, blood alcohol concentration.
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0.11%. No significant differences were found between
the treatments and placebo, although a clear trend for
an increasing number of collisions with increased
alcohol concentrations is apparent.

Subjective assessments

At each BAC, subjects rated their driving quality
as significantly worse when compared with placebo
( p<0.05). In addition, with increasing BAC subjects
generally rated their driving style as significantly more
dangerous, foolish, tensed, unpredictable, inconsider-
ate, and irresponsible ( p<0.05). However, no signifi-
cant differences between the treatments were reported
in mental effort to perform the driving test.

Discussion

The highway driving test scenario has proven to be
suitable for future psychopharmacological studies that
aim to examine driving performance under controlled
circumstances. This study demonstrated that the STI-
SIM highway driving test is sensitive to dose-depen-
dent effects of alcohol. Significant differences from
placebo in weaving of the car (SDLP) were found for
BAC 0.05% and higher dosages. Similar performance
impairment was observed for SD Speed.
The results are in accordance with previous experi-

ments using other STISIM driving simulator scenarios
that also demonstrated significantly increased SDLP
values after administration of BAC 0.05% (Lenné
et al., 1999) and 0.08% (Harrison and Fillmore,
2005; Marczinski and Fillmore, 2009; Marczinski
et al., 2008). One of these studies also reported an

effect of alcohol on SD speed at a BAC of approxi-
mately 0.08% (Marczinski et al., 2008).
Support for external validity of the STISIM driving

simulator was provided by experiments that compared
parameters such as driver mistakes (e.g., obeying
traffic rules, running red lights, and tailgating), road-
tracking error, and speed maintenance measured in
the STISIM driving simulator with those measured
during actual driving (Lee, 2002; Lee et al., 2003b;
Shechtman et al., 2009). Ideally, the results of the
current study should be compared with those of the
standardized on-the-road highway driving test in real
traffic. However, because Dutch legislation prohibits
driving on a public highway with a BAC above 0.05%,
it is not possible to make such a direct comparison for
the effect of higher BAC levels on driving performance.
The findings in our study are however in line with
those observed in a closed-road highway driving test
performed by Louwerens et al. (1987). Although in
our study, the differences from placebo for each alco-
hol dosage fall within the 95% confidence interval
established in the Louwerens et al. study, the absolute
SDLP values obtained in the STISIM driving simulator
were higher than those observed by Louwerens and
colleagues. Higher SDLP values in the simulator
compared with on-the-road have also been found in
other studies (Blaauw, 1982; Blana and Golias 2002;
Reed and Green, 1995), but baseline SDLP values vary
greatly between studies and individual drivers. The
latter is important because not absolute SDLP values
but differences from placebo are of primary interest
when analyzing and interpreting the data.

Table 3. Overview of driving test parameters and subjective assessments

BAC (%) 0 0.05 0.08 0.11

Driving test results
SD lateral position (cm) 28.0 (6.5) 29.7 (7.1)* 33.8 (7.2)* 36.3 (9.8)*
SD speed (km/h) 2.8 (1.5) 2.8 (1.4) 3.7 (2.1)* 4.2 (2.6)*
Mean lateral position (cm) �6.1 (13.9) �5.9 (13.6) �5.6 (11.9) �7.1 (13.6)
Mean speed (km/h) 95.9 (1.7) 95.6 (1.3) 96.1 (2.8) 96.3 (3.4)
Subjective assessments
Driving quality (cm) 10.7 (3.0) 9.0 (3.6)* 8.6 (2.4)* 7.4 (2.4)*
Mental effort (cm) 5.6 (2.4) 6.3 (2.0) 6.2 (2.3) 6.4 (2.4)
Driving style (cm):
Wise–foolish 2.1 (1.3) 3.1 (1.7)* 3.2 (1.5)* 4.0 (1.9)*
Predictable–unpredictable 2.4 (1.5) 3.0 (1.5)* 3.5 (1.4)* 4.0 (1.6)*
Safe–dangerous 2.4 (1.7) 3.4 (1.7)* 3.6 (1.9)* 4.3 (1.9)*
Relaxed–tense 2.5 (1.6) 3.3 (1.7)* 3.3 (2.1) 3.9 (2.1)*
Considerate–inconsiderate 2.3 (1.3) 3.0 (1.4) 3.6 (1.7)* 4.0 (1.8)*
Responsible–irresponsible 2.4 (1.4) 3.4 (1.8)* 3.9 (1.6)* 4.4 (2.0)*

*p<0.05 compared with placebo (BAC 0.00%).
Mean (SD) are shown for each parameter. Driving quality scores range from 0 (exceptionally poorly) to 20 (exceptionally well), with a midpoint of 10
(normally). Mental effort scores range from 0 (almost no effort) to 15 (very great effort). Driving style score range from 0 to 10 as indicated in the table
(e.g,, 0 indicates ‘extremely wise’; 10 indicates ‘extremely foolish’).
Abbreviation: BAC=blood alcohol concentration, SD=standard deviation.
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The development of the STISIM highway driving
simulator test is of significance because it enables
conducting experiments that are not allowed in actual
traffic. In addition to testing higher BAC dosages than
allowed by law, drug–alcohol interaction studies
can be performed. The objective of this study was to
develop a standardized test scenario. However, the
STISIM driving simulator provides a great number of
measures, such as steering wheel and throttle input,
acceleration, time to lane crossing, speeding, vehicle
curvature, and traffic offenses. In addition, illegal
and/or dangerous driving behaviors (e.g., using a cell
phone while driving) can now be examined safely
and under controlled circumstances. In future studies,
it would be interesting to examine the effect of alcohol
on city driving, using measures such as time to colli-
sion, speeding, and tailgating. In contrast to older and
less sophisticated driving simulators, the STISIM
driving simulator is suitable to program new scenarios
that can be used for this future research.
The present study showed that the highway driving

test scenario is suitable for future psychopharmaco-
logical research.
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