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Summary

In the north of the Netherlands, on a 25 km section of the A-28 motorway, more single
vehicle accidents occur than on comparable motorway sections. On the basis of analysis of
police accident data from 1980 to 1988, several accident black spots could be identified on
this section, Especially single vehicle and rear-end accidents prevailed on these spots.
Systematic in-depth analysis of accidents has shown that most drivers involved in an
accident, made judgement errors prior to the accident.

To investigate the causes of the high accident rate in detail, three projects have been
started. One of these projects consisted of having 52 subjects drive an instrumented test
vehicle over this part of the motorway. During cach ride, lateral position (control),
steeringwheel movements and speed were measured continuously. Additionally, subject's
heart rate and eye movements were registered. Analysis shows, that driving behaviour
while driving over most of the accident black spots differed significantly from driving over
two control sections. Driving over two black spot sections was found to coincide with
increased mental load. At the same sections, the number of eye fixations at traffic
irrelevant objects decreased.

Introduction

The A-28 motorway the most important north-south connection for the northern districts in
the Netherlands. The motorway is a 2 x 2 lane carriageway, with a speed limit of 120
km/h. In 1988 the local road authority (Rijkswaterstaat) realized that there was, compared
to other motorways, a larger number of single vehicle accidents and collisions with fixed
objects on a 25 km stretch of this motorway. In order to investigate the human factor in
'why' and 'where' things go wrong, several projects have been started.

One of these projects (Oude Egberink et al., 1990) consisted of in-depth analysis of
accidents. Table 1 contains accident information of the 25 km stretch of motorway based
upon police accident data of the period 1980 - 1988. Single vehicle accidents, which also
contain accidents with a fixed object, prevail.

Table 1: Total number of accidents on the 25 km stretch of motorway in the period 1980 -
1988:

Number Percentage
Single vehicle: 275 55%
Rear-end, flank: 163 33 %
Other: 60 12 %
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The police reports that of the single vehicle accidents, 36 % occurred during bad weather
conditions. Fifteen percent involved an either fatigued or intoxicated driver. In 61 cases (22
%) the cause was unknown.

The main cause in rear-end collisions was following too close (48 %). An erroneous
manoeuvre caused 38 accidents (23 %).

Accidents which were classified as 'Other’ were mainly accidents with game (deer).

A closer look at the accident data showed that the accidents were not distributed randomly
across the 25 km stretch of motorway. Five accident black spots could be identified:

_ACC I: A 400 m section, starting on top of a viaduct and ending
in a slow bend to the right.
_ACC 2: A section consisting mainly of a track with a combined
entrance/exit (a so called weaving section). It is 1800 m in length and not curved.
_ACC 3: A 500 m straight section, ending where the entrance from
a parking ends as well.
_ACC 4: A 800 m section starting on top of a viaduct. At this
point a noise screen is present. Directly after this screen, in a bend to the left, an
acceleration lane joins the motorway.
_ACC 5: A 1 km section ending in a bend to the left.

In figure 1 the accidents in the period 1980 - 1988 are shown for the various accident sec-
tions, for both carriageways.
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Figure 1: Number and type of accidents for both carriageways, based upon police data.
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These accidents took place during different weather conditions, time of day and time of
year. In-depth analysis of several accidents (Oude Egberink et al., 1990) showed that many
drivers had made judgement errors prior to the accident.

One project to investigate the relationship between the human operator and this environ-
ment consisted of having 52 subjects drive an instrumented vehicle over this stretch of the
motorway. Possible causes of the high accident rate might become visible in this way. This
paper is a report of this study (Sec also: De Waard et al., 1990).

Method

On the basis of licence plate registration, 42 men and 10 women were selected as regular
users of this stretch of motorway. They completed two test rides in an instrumented vehicle.
Subjects were instructed to drive the instrumented car the way they usually drive their own
car. During one of the test rides subjects wore eye movement equipment (a NAC model V),
during the other ride eye movements were not measured. The order of these two conditions
was balanced across subjects. All tests were carried out in May 1990 during daylight
between rush hours. Subjects were not informed about the location of the accident black
spots.

In order to familiarize the subjects with the test vehicle and especially with driving while
carrying the eye movement equipment, driving the first stretch, i.e. the 25 km stretch of
motorway southbound, was used as a dress rehearsal. To ensure subjects' safety a licensed
driving instructor, who could take over control by means of redundant controls, was
present during each test ride,

During each ride the lateral position and speed of the vehicle were measured as well as the
steering wheel movements. These signals were sampled online at 5 Hz. The inter-beat-
intervals of the ECG (heart rate) were registered as intervals between R tops in milli-
seconds. All data were stored on flexy disk.

The experiment itself consisted of a rest period of two minutes, driving the motorway 25
km back northbound, followed by completion of a Road Environment Construct List
(Steyvers et al., 1989) and a post rest period. The rest periods served as baseline measure-
ment for the heart rate registration (see ¢.g. Brookhuis & De Waard, 1991). Subjects had to
sit alone, quietly, in the car during these rest periods. Apart from the five accident sections,
two control (non-accident) sections on the same stretch of motorway have been studied.

The following variables were calculated:

1. Mean Lateral Position of the vehicle on the road

2. Standard Deviation of the Lateral Position ("swerving behaviour")

3. Mean Speed of the vehicle

4. Standard Deviation of Speed

5. Standard Deviation of the Steering Wheel Movements

6. Mecan Heart Rate

7. 0.10 Hz Component of the Heart Rate (Power in the Blood Pressure Band)
8. Percentage Fixation Time in three categories.

Driving behaviour in terms of lateral position (control), speed and steering wheel move-
ments were compared within subjects between accident sections and the first control
section by means of MANOVA. Heart rate measures were compared between a section
before each accident section and the accident section itself. This was done because the






