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Abstract

The on-the-road driving test examines driving ability on a public highway in normal traffic.
Driving performance is objectively measured by on-board computers. The combination of driv-
ing in real traffic, which gives the test high ecological validity, and objective measurement of
driving performance makes the on-the-road test unique among other driving tests. This chapter
discusses the methodology and background of the on-the-road driving test.

Subjects are instructed to drive with a steady lateral position within the right traffic lane
while maintaining a constant speed. A camera on the roof of the car records the lateral position
of the car. On board computers continuously record the lateral position and speed of the car.
The Standard Deviation of Lateral Position (SDLP), i.e. the weaving of the car, is the primary
parameter of the driving test. A secondary parameter of vehicle control is the standard deviation
of speed.

During the past 25 years the on-the-road driving test has been applied successfully in psy-
chopharmacological research, showing dose-dependent impairment for a variety of drugs in-
cluding alcohol, antidepressants, hypnotics, anxiolytics, antihistamines and analgesics. Up to
now, the on-the-road test has been acknowledged to be the gold standard method to determine
drug effects on driving ability.

Introduction

Theoretical accounts making driving behavior understandable can be broadly di-
vided into information processing models and motivational models. Motivational
models are primarily concerned with the risks drivers are willing to take during
driving, and include risk compensation models [1], risk threshold models [2], and
risk-avoidance models [3]. According to motivational models, driving behavior is
self-paced and determined by a cost-benefit analysis concerning the motives and
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goals of the trip in relation to safety risks [4]. For example, people drive faster in
an emergency, or adjust their speed under bad weather conditions. In other words,
drivers adapt their driving behavior to their personal or environmental needs. As
a result, these models are concerned mainly with risk taking, making them very
popular in the field of traffic safety research. However, motivational models give
little information about actual driving ability or driving-related skills. In contrast to
motivational models of driving behavior, information processing models provide a
functional analysis of the driver’s task. For example, the model of Rasmussen [5]
distinguishes three levels of cognitive control determining complex task perfor-
mance, including skill-based behavior, rule-based behavior, and knowledge-based
behavior. Skill-based behavior is largely automatic and effortless, routine driving
(coordination between perception and motor actions), whereas rule-based behavior
and knowledge-based behavior are controlled driving actions under new or unex-
pected circumstances. In rule-based behavior, drivers use prescribed actions (e.g.,
a passing maneuver) to deal with changed driving circumstances (e.g., a slower
vehicle driving in front). If these rules turn out to be effective, behavior soon re-
turns to the skill-based (automatic) level. If rule-based behavior is not sufficient,
knowledge-based behavior is necessary, which implies conscious problem solving.
Once the driver masters the unexpected or new situation, performance returns to
rule-based or skill-based levels. The relationship between Rasmussen’s levels of
control is shown in Figure 1.

Increased
Driver
Experience
Automatic processing
(fast / effortiess)
Skill-based Behavior
--------- - == Rule-based Behavior == ==fF=-=======-=
Knowledge-based Behavior
Controlled processing
(slow / effortful)
Increased
Uncertainty

Figure 1 Automatic and controlled processing during driving.
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Table 1 Driving behavior according to Michon and Rasmussen.

Strategic/Navigational Maneuvering/Tactical Operational/Control

level (planning) level (normal driving level (immediate
actions) vehicle control)

Knowledge based  Navigation in strange Controlling a skid Learner on a first lesson
behavior town on icy roads
Rule based Choice between familiar ~ Passing other cars Driving an unfamiliar
behavior routes car
Skill based Home/Work travel Negotiating familiar Road holding round
behavior junctions corners

The distinction between automatic processing (fast and effortless) and con-
trolled processing (slow and effortful) has been thoroughly described by Shiffrin
and Schneider [6—7]. As indicated in Figure 1, a shift from automatic to controlled
processing is made in case of increased uncertainty. The shift between automatic
and controlled processing depends also on the driver’s experience with a certain
traffic situation. After repeated driving, several initially rule-based behaviors be-
come skill-based behaviors as well. The concept of automatic versus controlled
processing also applies to the theory posed by Michon [8], who suggested that driv-
ing behavior could be explained at a strategic level, a maneuvering level, and an
operational level. Performance at the strategic (navigation) level is predominantly
memory-driven, controlled processing, and concerns trip-planning, achievement
of goals, etc. Performance at the maneuvering (tactical) level is environmental/
data-driven, controlled processing, and includes normal driving procedures such as
passing other cars, making curves while interacting with other traffic. Finally, the
operational level is also data-driven, but automatic processing, and concerns imme-
diate vehicle control, such as changing gears. Decisions made at the strategic level
take minutes, those made the maneuvering level are made within seconds and at the
operational level decisions are made within one second. The relationship between
the models of Rasmussen and Michon is shown in Table 1.

It is evident from the examples in Table 1 that whether driving behavior is auto-
matic or controlled depends on the driver’s experience and the familiarity with the
driving situation. In general, experienced drivers operate at the gray-scaled diagonal
of Table 1, whereas novice drivers operate in the upper right corner of the Table.

Subjective driving assessments

Some research groups use subjective ratings of driving quality such as on-road scor-
ing or using video recordings. The advantage of this method is that no expensive
apparatus is needed to measure driving performance. Also, subjects can be tested in
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their own cars. Unfortunately, research has shown that subjective ratings — either by
experimenters, driving instructors, or the subjects themselves — are unreliable or do
not adequately predict objective measures such as speed or SDLP [9]. The scoring
methods varied from a simple pass-or-fail judgment to complex scoring of several
skills and performances during driving. In has been demonstrated repeatedly that
these subjective reports are inaccurate. Young drivers overestimate their driving
ability and underestimate the risk of traffic accidents [10—11]. Cross-cultural differ-
ences in driver self-assessments have also been reported [12—13], and the accuracy
of self-assessments is highly dependent on driving experience [14]. Nevertheless,
approximately 80 % of all drivers report their driving abilities to be above average
[15-16]. Other researchers concluded that drivers do not exaggerate their own driv-
ing skills and safety, but rather consider those of other drivers more negatively [17].
Also, psychoactive drugs may alter the awareness of reduced driving ability. Thus,
it seems that subjects are not able to judge their own and others’ driving ability ac-
curately. Objective measurements of drowsy driving, such as alerting devices and
EEG, are an improvement relative to the subjective measurements and are discussed
elsewhere in this volume. Again, these measures — objective or subjective — record
correlates to driving but do not predict actual changes in driving performance.

The on-the-road driving test during normal traffic

Up to now, the most accurate and direct way to measure driving ability has been the
on-the-road driving test during normal traffic, developed in the nineteen eighties
[18-19] and applied in over 50 studies with both healthy volunteers and patients.

In the 100-km driving test, subjects drive an instrumented vehicle over a 100-km
highway track. In the right front seat, a licensed driving instructor accompanies the
subject. His main job is to ensure safety during the driving test, and he is equipped
with a brake and clutch system to intervene in the subject’s driving actions, if nec-
essary. If the subject or the driving instructor judges that it is unsafe to continue
driving, the test is terminated before completion and the driving instructor trans-
ports the subject back to the Institute.

During the driving test, subjects are instructed to operate the instrumented ve-
hicle at a constant speed and steady lateral position within the right (slower) traffic
lane. A camera, mounted on the roof of the car, continuously records the actual
position of the car within the traffic lane, by tracking the relative distance of the
car from a delineated stripe in the middle of the road. Raw data collected during a
driving test is shown in Figure 3. From this data the Standard Deviation of Lateral
Position (SDLP), i.e. the amount of weaving of the car, is computed. Under placebo
conditions, SDLP generally ranges between 10 and 30 cm, with a mean of about
20 cm. However, drug effects can produce an SDLP increment of 35 cm or more.
SDLP is an excellent measure of vehicle control: with reduced control, SDLP in-
creases (see Fig. 4). Excessive weaving may result in excursions out-of-lane onto
both the road shoulder and the adjacent traffic lane. In this context, SDLP can also
be regarded as a measure of traffic safety.
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Figure 2 Measurement of lateral position.

Note that the camera for lateral position measurements is equipped with two infrared lights, to
enable recording during the night and in dark weather circumstances. All data are continuously
recorded on an on-board computer with a sampling rate of 2 Hz and edited off-line to remove data
that were disturbed by extraneous events (e.g. passing, traffic jams, road maintenance). The expe-
rimenter, seated in the back of the car, monitors the on-board computer (reprinted with permision
from reference [21])

A secondary parameter of the driving test giving insight in the amount of vehicle
control is the Standard Deviation of Speed (SD Speed). Speed is measured from a
pulse generator triggered by magnetic induction at a rate proportional to the revolu-
tions of the drive wheels. Mean lateral position and speed are control parameters
used to infer whether the subjects performed the driving test according to the given
instructions.

Both SDLP and SD Speed are performance parameters measured at the opera-
tional/control level of driving performance. Under normal driving conditions, both
lane keeping (expressed in SDLP) and speed control (expressed in SD Speed) are
largely automatic processes, and examples of skill-based behavior, acquired through
training and depending on the driver’s experience. In the standardized driving test,
subjects are instructed to drive at a constant speed and steady lateral position. This
instruction involves planning at the strategic level, and changes motivational as-
pects and goals of driving during the test. However, while interacting with other
traffic, subjects are sometimes unable to apply the instructions of the driving test.
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CALCULATION AND MEANING OF THE "WEAVING INDEX" (SDLP)

SDLP=35cm
(13.7 inch)

LANE FURTHEST LANE FURTHEST POSITION OF
CENTER LEFT CENTER RIGHT THE CAR
WITHIN THE LANE

SDLP=40cm
(15.7 inch)

Figure 3 Standard Deviation of Lateral Position (SDLP).

Note that, with increasing SDLP, the weaving of the car becomes more pronounced, which even-
tually leads to out-of-lane crossings.

For example, sometimes speeding is necessary to pass a slower vehicle, or lateral
position has to be changed to avoid an obstacle. These driving actions generally take
place at the maneuvering level (but sometimes at the strategic level). The record-
ings from these driving actions are removed before analyzing the driving test data.
It is, however, evident that both performance at the strategic and the maneuver-
ing level will influence driving skills at the operational level (expressed in SDLP).
The presence of other traffic and the occurrence of unexpected events, which are
sometimes regarded as problematic, in fact are necessary components of the driving
test. They are a prerequisite of its ecological validity that is often lacking in simple
driving simulators and closed road tests.

Alcohol as historic control

One of the first studies using the on-the-road test examined the effects of different
dosages of alcohol on driving performance [20]. Tests were performed on a 25-km
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P- 15t 50 km, Morning Test

left
Lateral
position
(m)
1204
Speed ]
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80
L2- 1t 40 km, Morning Test
Lateral
position
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Speed
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stop
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0 10 20 30 40 50

Distance travelled (km)

Figure 4 Example of raw data output for speed and lateral position.

Driving performance was measured in the morning following bedtime intake of placebo (P, top) or
loprazolam 2 mg (L2, bottom). One meter left indicates crossing the lane boarder into the adjacent
traffic lane; one meter into the right direction indicates crossing onto the road shoulder. The driving
test in the loprazolam condition was stopped after 40 km due to repeated lane crossing (reprinted
with permision from reference [21])
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Changes from baseline in SDLP associated with mean BAC's
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Figure 5 The relationship between blood alcohol concentration (BAC) and Standard Devia-
tion of Lateral Position (SDLP). (Reprinted with permission from reference [22]).

closed road highway track, since Dutch traffic laws do not allow testing alcohol
above a blood alcohol concentration (BAC) of 0.05%. SDLP was the primary pa-
rameter of the test. Results from different BAC levels are depicted in Figure 5.
BAC levels of 0.05%, 0.08% and 0.10% correspond to the most common legal
limits for driving a car. Many researchers who apply the on-the-road driving test
use these SDLP increments (relative to placebo) to illustrate the magnitude of im-
pairment observed with psychoactive drugs.
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