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To elucidate the possible traffic safety risks induced by
visual field defects, a method has been developed based on a
driving simulator. On a screen quadratic light stimuli of three
different sizes are generated, one at a time, in any of 24
different positions. The latency between stimulus appearance
and braking is measured. Two groups of normally sighted
volunteers have been studied, and a number of subjects with
different visual field defects. In the groups of normals, the
median values for the reaction times are fairly homogenous.
There is a slight difference between the central and
peripheral stimuli, which is somewhat larger among the older
volunteers. Among the subjects with visual field defects the
individual variations are very dominant. Most subjects do not
compensate the deficiency.

INTRODUCTION

The importance of visual field defects on traffic safety has long been discussed.
In the literature it is hard to find any unambiguous correlations between visual field
defects and accident rate. One possible reason for this is the crudeness of the
perimetric methods used and the low frequency of field defects. Another reason could
be a difference between visual performance in a static field test and that of the
actual traffic situation (the functional visual field).

Some studies have reported little or no relationship between the size of the visual
field and the driving performance (eg. Burg, 1968; Council and Allen, 1974; Henderson
and Burg, 1974; Cole, 1979).

Johnson and Keltner (1983) analyzed 10.000 volunteers (20.000 eyes) and showed that
subjects with restricted visual fields in both eyes exhibited a traffic accident rate
which was significantly higher than that of age- and sex matched controls without
bilateral defects. The authors therefore claimed that the visual fields may play an
important role in driving performance. Similar results have been found regarding
monocular drivers by Keeney and Garvey (1981).

Today's visual field standards vary greatly between countries. In many European
countries and US states, there are no requirements whatsoever for passenger car and
motorcycle drivers. In others, like Sweden, one normal field (or its equivalent) is
demanded. The most probable reason for the discrepancies is the difficulty to find
relevant limits and to relate the common static test results to the functional visual
field. The theory behind the functional visual field is very complex with a number of
factors interfering (Verriest 1983, 1984).
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In this study a method has been developed to elucidate the possible traffic safety
risks induced by visual field defects of different size and location. The aim is also to
get a measure of the influence of optically generated scotomas and, through eye
movement recordings, to find out, why some of the subjects compensate for their
visual field defect and others not.

The results will form a more solid basis for licensing drivers with visual field defects.
They will also show whether it is possible to work out systematic training programs
for people with visual field defects.

MATERIAL AND METHODS

The test is based on a driving simulator, where the volunteer drives a real car body in
an artificial landscape produced on a screen by three colour-TV projectors
(background luminance 15-25 cd/m2).

The picture is completely artificial, generated by a computer. It consists of a road
with lines and a simple surrounding landscape. The horizontal and the vertical
curvatures can be varied continuously and a number of objects (e.g. signals, zebra
crossings) can be added to the picture. Different types of roads and environmental
conditions can be simulated.

The possibility to use the moving base system with three degrees of freedom has not
been used in this application.

On the screen which covers 120° horizontally and 30° vertically, flickering (6 Hz)
black/yellow quadratic light stimuli in three different sizes are generated.

The stimuli are randomly presented, one at the time, in 24 different positions on the
screen (Fig. 1). Each stimulus is presented 10 times.

During the test the volunteer has to keep a specified speed (100 km/h (60 mph)), drive
on the right side of the road and respond as quickly as possible to the stimuli by
braking. Consequently the driving task is quite realistic but somewhat harder than
normal car driving. It is impossible for the driver to neglect the primary driving task
in order to respond faster to the visual stimuli.

The test is dividedinto 4 parts; each of them takes about % hour. In the first and
fourth parts the stimulus subtends 0.460, in the second and third 0.23O and 0.960
respectively. By this procedure it can be sure that the test will include a stimulus
that is relevant for the real traffic situation, as the smallest stimulus is not far from
the threshold for normal sighted persons.

By this method two groups of normal sightedvolunteers have been tested, 10 in each
group, one group aged 20-30 and the other 50-60. Besides the two normal groups, 25
volunteers with visual field defects have so far been analyzed. Also one-eyed subjects
and normals wearing spectacles have been tested. Additionally by a previous similar
method about the same number of normalsighted volunteers have been studied. All
the volunteers had recent perimetry (Goldmann kinetic) at the university hospital in
Linköping, department of ophthalmology.

During the test the computer measures the latency between stimulus appearance and
braking (reaction time), the speed and the time outside the correct road line.
Each stimulus is presented for a maximum of 105 and after that time a new
one is given.
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Figure l
Localisation of the stimuli in the field of view.

The thick frame symbolizes the boundaries of the
windscreen and part of the left side window

RESULTS

Because the latest and the earlier method are not quite comparable and there are
weak discrepancies in the results, the earlier ones will not be published here.

In the group of normals, the median values for the reaction times are fairly
homogenous. There is a slight difference between the central and peripheral stimuli.
The difference is somewhat larger among the older volunteers and especially
pronounced for the smallest stimulus (Fig. 2). The reaction times are around 0.7 s but
the individual variations are rather large for the older subjects and the peripheral
objects.

Among the subjects with visual field defects the individual variations are very
dominant and so far we have not seen any correlation between the type or the
localisation of the field defect and compensation (Table 2).
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Figure 2
Median values for the reaction times for the

two groups of volunteers

Table 2. Number of subjects with different types of field defects and their ability to

compensate for the defect (- impaired detection capacity, + compensation).

Number

of subjects

p
w
u
-
i
r
w
w

Type of field defect Compensation

ability

Local scotoma - +

Irregular defects - - -

Partial quadrant - - .. +

Quadrant .....

Partial hemidefect _______

Hemidefect .. _ _ +

Criterias for judging whether the reaction times are abnormal have been median

reaction time longer than the 90th percentile of normals and/or two or more reaction

times longer than 3 seconds (Fig 3).
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Figure 3
The results of two different subjects with

hemidefects, one with an acceptable compensation
ability and the other with impaired detection

capacity in the affected field areas.
o: increased reaction time,

.: two or more reaction times longer than 3 seconds,
;: two or more reaction times longer than 10 seconds.
The size of the respective symbol symbolizes small,

intermediate and large stimuli.
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So far two one-eyed subjectshave been tested. One of them showed quite normal
reaction times and the other an impaired detection capacity.

A couple of normally sighted volunteers have also been investigated with and without
spectacle frames. The preliminary results show that the frames clearly increase the
reaction times for the peripheral stimuli.

The instructions to the subjects resulted in rather constant speeds and the departures
from the right road lane were quite few.

DISCUSSION

The results clearly show that among the subjects with visual field defects the
individual variations are very dominant and that most of the subjects show an
impaired detection capacity for stimuli in the affected parts of the visual field. The
results are thus in accordance with the studies by Johnson and Keltner (1983) and
Keeney and Garvey (1981). There is thus nothing that indicates that the visual field
standards should be less restrictive. However, it could be discussed if it shouldn't be
easier to get an exemption after a validated test, as there are persons showing a good
compensatory ability, even if they are rare. This can also be the explanation to
earlier studies, where persons with visual field defects drove very long distances

without problems (Danielson, 1957; Vos, 1974).

The preliminary results from the one-eyed persons and the subjects wearing spectacle
frames indicate that the traffic safety effects can be of the same magnitude as those
measured in the groups with visual field defects. It is thus very important to study in
BYE detail monocular persons and subjects wearing spectacles.

Today we can not say why some subjects compensate for their defect and others not.
Therefore it is important to find out this mechanism. We are just now planning a
study, with eye movement recordings both in the simulator and in real traffic. These
results will also show whether it is possible to work out systematic training programs
for people with visual field defects. Out of some ideas regarding the mechanisms
some preliminary studies have been undertaken to train persons with visual field
defects. The results, however, have been very discouraging and recommendations,
found in the literature (Bockelmann, 1982), which suggest persons with visual field
defects should deliberately move their eyes seem not to be effective.
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