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M Special Lecture

Assessment and Rehabilitation of Driving Ability
after Brain Damage

Wolfgang Hartje*

Abstract : The assessment and restoration of driving ability after brain damage has at-
tracted increasing attention in neurological rehabilitation. It is now recognized that the
ability to drive contributes essentially to the patients’ rehabilitation by making them more
independent and by supporting their social activities (not to mention those patients who
need a driving licence for their job). In addition, the ability to drive seems to play an impor-
tant role for the patients’ self-esteem.

Relatively little is known, however, about how fit to drive brain-damaged patients actually
are. A number of neurological symptoms clearly preclude driving, like for example the pos-
sible occurrence of epileptic seizures, the increased risk of re-insults after a stroke, the
presence of large hemianopic field defects or of disintegrating disorders of limb move-
ments or of a marked degenerative dementia. In the majority of brain-damaged patients,
however, the ability to drive has to be judged from the results of various functional exami-
nations, including neuropsychological measures. Detailed guidelines developed by a large
board of medical experts and edited by the German Ministery of Traffic in order to help
with the judgement of driving ability stress the importance of deficits of psychomotor, at-
tentional, intellectual and mnemonic functions. The presence of functional deficits com-
bined with a lack of insight into these deficits is seen as particularly disadvantageous and
dangerous. However, apart from the recommendation of neurological, psychiatric and neu-
ropsychological examinations, the guidelines do not give any clear suggestions on how
these functional deficits are to be assessed, and the validity of the measures in question is
obviously taken for granted.

Empirical studies comparing the results of neuropsychological assessment with the out-
come of on-road driving tests reveal that the fitness to drive can not be reliably predicted
from psychometric test results. Attempts to predict the outcome of the behind-the-wheel
driving test by discriminant analysis or cut-off procedures based on neuropsychological
and/or other subject-related data yielded a maximum of only 72% correct decisions. In
view of the frequent impairment in driving ability after brain damage it is recommended
that an on-road driving test is taken in each case. In case of failure, a subsequent and de-
tailed psychometric assessment may support indications for rehabilitative measures to re-
gain driving ability.

Introduction %cal doctors, you will sometimes hear t}}e opin-
ion that people who have suffered brain dam-
When discussing the issue of driving ability age should - for their own safety and that of

after brain damage with psychologists or med- others - under no circumstances be allowed to
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resume driving. People support this opinion by
arguing that even in patients who have recov-
ered well, there might always be some hidden
functional deficit which may, at some time, be-
come dangerous.

Even if neurological or neuropsychological
examinations have yielded no evidence of cog-
nitive impairments, it is argued that there
could still be a “personality change” coupled,
perhaps, with a loss of insight into one’s own
capability. At a meeting on traffic psychology a
colleague once remarked sarcastically, with
reference to a “Django” western movie, that
“dead bodies will mark the patient’s path”.

Indeed, permission to drive is no basic right
and there is no reason whatsoever why pa-
tients should not use public transport. So why
take the trouble of evaluating a patient’s dri-
ving ability in the first place? In my opinion,
there are several reasons :

— Society expects patients to return to work
whenever possible even if there are still
impairments left after brain damage. In
many cases the risk is accepted that
deficits in, for example, attention may lead
to mistakes or even accidents at work. On-
ly serious disorders such as epileptic
seizures — but not, for example, a moder-
ate or minor reduction in attentional ca-
pacity — are considered a reason to ex-
clude patients from working on machines
or driving motor vehicles or fork lift trucks
etc. It seems only fair, therefore, to take
the trouble of ascertaining whether a pa-
tient is or is not able to drive again.

— The use of public transport is, as we all
know, not always adequate or satisfying,
for example if one lives in the country, and
using a taxi over greater distances is too
costly in the long run. Often patients are
also not able to carry heavier goods, and a
car of their own therefore is a great help.
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~ Not all, but many of us enjoy driving and
claim that it can be relaxing. No doubt
many people, men in particular, also con-
sider having a driving licence as important
for their self-esteem. In any case, a posi-
tive decision on a patient’s driving ability
may contribute to the process of rehabili-
tation by making him or her more indepen-
dent and supporting social activities. A
study by Légh-Smith, Wade & Hewer
(1986) found that the frequency of depres-
sive symptoms was lower in brain-damaged
patients who resumed driving compared to
those who did not.

Thus, if we accept that it is worthwile to
take the trouble to assess driving ability after
brain damage, which is the best way to do this?

There have been a number of studies at-
tempting to predict the driving ability of brain-
damaged patients from their performance in
various psychometric tests. According to the
common opinion that attentional capacity,
speed of visual orientation and speed of reac-
tion are most important for safe driving, tests
aiming at these functions were included in all
studies, together with various other tasks mea-
suring general intelligence, memory perfor-
mance, spatial orientation, or sensorimotor co-
ordination (Engum & Lambert, 1990 ; Galski et
al, 1990, 1992, 1993 ; Katz et al, 1990 ; Nouri et
al, 1987 ; Sivak et al, 1984 ; Sundet et al, 1995 ;
Wilson & Smith, 1983).

Most of these studies suffer, however, from
one or the other of the following problems :

~ QOften, rather small groups of patients

were examined (Galski et al, 1992, 1993 ;
Golper et al, 1980 ; Gouvier et al, 1989 ;
Klavora et al, 1995 ; Quigley & DelLisa,
1983 ; Sivak et al, 1981, 1984 ; Wilson &
Smith, 1983 ; van Zomeren et al, 1988) and
either no or only a very limited practical
driving task in a sheltered off-road area
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was included (Galski et al, 1992 ; Gouvier et
al, 1989 ; Sivak et al, 1981, 1984 ; Wilson &
Smith, 1983).

~ When a more extended on-road driving
test was used as an external criterion
against which the predictive value of the
psychometric test results was assessed,
the patients were sometimes preselected
with a bias to exclude the more seriously
impaired subjects who were suspected on
a priori reasons to fail the driving test or
who were believed to be too risky for on-
road driving (Jones et al, 1983 ; Katz et al,
1990 ; Sundet et al, 1995).

- In other studies too large a set of vari-
ables was used in multivariate discrimi-
nant functions, with the consequence that
the resulting classification functions capi-
talize on random characteristics of the da-
ta set and that the reliability of the ob-
tained high correct prediction rates must
be doubted (Galski et al, 1990 ; Golper et al,
1980 ; Nouri et al, 1987 ; Sundet et al, 1995 ;
Wilson & Smith, 1983).

~ In some studies a high ratio of correct
predictions was achieved, but only when
accepting a rather large proportion of un-
classified “borderline” cases (Engum &
Lambert, 1990),

Due to these problems and in view of the fact
that some studies observed only a moderate
correlation between psychometric test results
and the outcome of an on-road driving assess-
ment, skepticism with regard to the vaiidity of
a purely psychometric approach still appears to
be justified (Handler & Patterson, 1995 ; Han-
nen et al,, 1998 ; van Wolffelaar et al, 1 988 ; van
Zomeren et al, 1987 ; Brouwer & Withaar,
1997).

My interest in the evaluation of brain-dam-
aged patients’ fitness to drive was triggered by
Prof. Klaus Poeck in the early 80s, who asked
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me to assess the attentional capacity and speed
of reaction in some of his patients in order that
he could advise them whether to drive or not to
drive. Some of these patients were not at all
happy with my diagnosis and persisted that
they were, indeed, able to drive and had been
using their car again without any problems. So
I decided not to rely on my tests only but to or-
ganize an on-road driving probe for the sake of
the patients, and perhaps of others participat-
ing in traffic. We started with a driving test of
45 minutes, and extended this to 90 minutes,
under the pressure of the argument that a pos-
sibly reduced tolerance to physical and psycho-
logical stress would not necessarily become ev-
ident within a shorter period of driving.

Method

Between 1990 and 1994 we examined 116 pa-
tients from two institutions, the Department of
Neurology at the University of Aachen and the
Neurological Rehabilitation Centre in Bonn.
Only those subjects were included who had dri-
ving experience of at least three years or 50,000
kilometres. We excluded patients with deficits
and disorders in the field of neurology, internal
medicine or ophthalmology which precluded
driving in any case like, for example, large
hemianopic field defects, epileptic seizures, di-
abetes not sufficiently controlled by the patient,
or massive cardiac insufficiency. However, pa-
tients were not excluded because of cognitive,
perceptual or motor impairments, in fact we in-
tentionally included patients with even signifi-
cant functional impairments.

The characteristics of the sample are given
in table 1. There is a preponderance of aphasic
subjects. On the one hand this is due to the fact
that the study was carried out mainly at the
Neurological Department in Aachen which has
a focus on aphasia. A second, and perhaps more
important reason, was the fact that aphasic pa-
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Table 2 Categories of driving behaviour

Table 1 Sample characteristics
Subgroup
Aphasic Nonaphasic
(n=67) (n=49)

Age (Yrs)

Mean 48.1 43.3

SD 12.0 12.3

Range 23-72 21-69
Duration (Mos)

Mean 22.9 20.5

SD 329 22.1

Range 1-219 2-113
Etiology

Vascular 63 31

Traumatic 2 17

Other 2 1
Localization

Left 59 13

Right 3 13

Bilateral 5 23

tients in particular worry about the risk of run-
ning into severe problems, even being mistaken
as being drunk, when getting into a routine
traffic control or being involved in a minor traf-
fic violation. Frequently, these patients sponta-
neously ask for an evaluation and confirmation
of their driving ability.

The etiology in the aphasic subgroup is, of
course, mainly vascular, with a left-sided local-
1zation, whereas in the non-aphasic subjects
there is also a high proportion of traumatic
head injury and bilateral localization. Not unex-
pectedly, the mean age of the aphasic group is
somewhat higher than that of the other group.

All patients participated in a practical 11/2
hour on-road driving test supervised by an ex-
perienced licenced driving instructor. This in-
cluded driving on motorways, country roads
and in busy city traffic. For hemiplegic patients
the car was technically adapted to meet the re-
quirements of operating the pedals (brake and
accelerator) and the steering wheel with only
one foot and/or one hand.

During driving the patient’s driving behav-

Directional signalling
Careful observation of traffic
Getting into lane adequately
Tracking in lane

Merging into flowing traffic
Adjusting of speed
Respecting speed limits
Keeping distance

Following sign posts

Paying attention to traffic lights
Stopping at danger points
Respecting oncoming traffic
Respecting bicycle tracks

iour was recorded as correct or incorrect by
the instructor who used a protocol with more
than 280 observational items for the whole
route, such as careful observation of the traffic
and taking precautions, directional signalling,
keeping in lane or “tracking”, changing lanes,
stopping at traffic lights if necessary, observing
speed limits, giving the right of way, etc. In the
later evaluation of the protocol the items were
alotted to 13 categories, as shown in table 2.
For each category the percentage of adequate
behaviours was calculated, serving as parame-
ter for the later statistical analyses.

In addition, the driving performance was
globally rated by the instructor according to
German school marks ranging from 1 to 6, that
is from excellent to very poor. Marks 1 to 4 in-
dicate passing, 5 and 6 failing of the driving
test. This rating was based on the instructor’s
comprehensive impression concerning the ade-
quacy and safety of driving.

Technical aspects of driving, that is the skill
of handling the car, were not taken into ac-
count as long as they did not interfere with dri-
ving safety.

The psychometric examination of the pa-
tients comprised 6 tests. Four of these corre-
spond to the test procedures usually applied by
a German company officially entrusted with the
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supervision of vehicle and driver safety (Tech-
nischer Ueberwachungsverein) :

— In a first test 20 slides of real-life street
scenarios are presented for 0.9 sec each.
The subject has to mark on a multiple
choice array which of the following cate-
gories were present . pedestrians, two-
wheeled vehicles, motor cars, traffic signs,
and traffic lights. The number of errors,
that is misses and false-positives, is
recorded. The maximum error score is
100.

- In a second test, presumed to measure
rapid visual orientation, there are 10 slides
each showing 9 entangled irregularly
curved lines with letters as start markers
and digits as end markers. The patient has
to indicate the respective end marker for
each line. Each slide is presented for 40
sec. The maximum number correct is 90.

— As a third task reaction time is recorded
for simple auditory or visual signals as well
as for a particular combination of two sig-
nals.

— In a more complex reaction task the pa-
tient has to respond as quickly as possible
to a variety of visual and auditory signals
by pressing keys with hand or foot. With
hemiparetic patients stimuli for the paret-
ic foot are replaced by stimuli for manual
response. The number of both correct and
incorrect responses during the 5-minute
testing session is recorded.

— In addition, a cancellation task was given
in which all letters “d” marked by two
strokes had to be crossed out as quickly as
possible. The performance is measured on
the standard Z-scale.

— Finally, the general level of intelligence
was measured with the performance part
of the Wechsler Scale and with a psycho-
metric intelligence profile (LPS) used in
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Germany.
Results

Figure 1 shows the frequency distribution of
marks given by the driving instructor. The
whole range of marks is represented, with the
mean at mark 4. Fifty-eight percent of the pa-
tients failed, meaning obtained marks of 5 or 6.

It may be interesting to note that out of 28
patients who had decided for themselves to re-
sume driving because they felt themselves to
be fit to drive after recovering from the acute
phase of illness, 36% actually failed our on-road
driving test (compared to 62% of the patients
who had not yet resumed driving).

In order to examine the effects of the pres-
ence of aphasia, paresis of upper and lower ex-
tremities and minor visual field defects we
classified the patients according to these im-
pairments. Because field defects proved highly
significant, that is of the 13 patients in whom
field defects were detected 11 failed the driving
test, we restricted the further analysis to only
those cases for whom the ophthalmological ex-
amination was negative. In these remaining

" cases paresis of the arm was significantly cor-

related with driving performance whereas
there was only a trend that patients with pare-
sis of lower extremities failed the driving test.
Although 48% of the aphasics and only 35% of
the non-aphasic patients failed, this difference
was not significant. Comparing patients with
left-sided, right-sided and bilateral lesions
vielded no significant difference.

Our main interest, however, focused on the
predictive value of the psychometric test re-
sults with regard to the outcome of the on-road
driving test. For this purpose we used the
method of stepwise discriminant analysis. The
results are summarized in table 3. For the clas-
sification of the cases the so-called jackknife
procedure was applied : this means the case to
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Figure 1

Mark

Distribution of marks I to 6 given by the driving instructor according to his

global impression on the patients’ driving behaviour during the on-road driving

test.

be classified is excluded from the calculation of
the discriminant function. This procedure
comes close to the requirements of a cross vali-
dation of the discriminant function with inde-
pendent subject samples.

When the 9 psychometric variables were
used in the analysis, the procedure selected on-
ly one for the prediction, namely the number of
correct reactions in the complex reaction task.
Only 67% of the patients were correctly classi-
fied. Correct positive and correct negative de-
cisions were roughly balanced.

When we tried to predict the outcome of the
driving test from a set of subject-related data,
namely age, duration of illness, presence of
small field defects, amount of driving practice,
and number of traffic accidents before the ill-
ness, the stepwise procedure selected the vari-
ables age and visual field defects as most pre-
dictive, leading to a proportion of 72% correct
classifications, with a preponderance of correct

positive predictions (i.e., passing the driving
test).

As the next step we included both, psycho-
metric and subject-related variables in the
analysis. Two variables were selected for the
discriminant function, that is number of cor-
rect reactions in the complex reaction task to-
gether with presence or absence of visual field
defects. This discriminant function yielded a
total of 73% correct classifications with no dif-
ference between correct positive and correct
negative predictions.

When we followed the decisional procedure
usually applied by the “Technische Ue-
berwachungsverein” in the individual evalua-
tion of driving ability, the proportion of correct
decisions amounted to 70%. This is a cut-off
procedure which uses four psychometric vari-
ables from the tachistoscopic presentation of
street scenarios, the overlapping lines task, and
the complex reaction task, and which requires
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Table 3 Prediction of outcome of the on-road driving test by discriminant analysis or cut-off classification
based on psychometric test results, subject-related characteristics and driving behaviour

Variables Used for Prediction

Prediction (%) of Outcome of On-Road Driving Test

Correct Pos.  Correct Neg. False Pos. False Neg
Correct Reactions in Complex Reaction Task 36 31 9 24
Age & Visual Field Defect (VFD) 46 26 18 10
Correct Reactions & VFD 37 36 7 20
Cut-off Classification (4 Variables) 41 29 13 17
Tracking & Careful Observation of Traffic 51 29 14 6
Correct Reactions & VFD & Tracking 48 32 11 9

that a subject achieves a percentile score of at
least 15 in three variables for a positive deci-
sion.

In order to examine the degree to which the
driving instructor’s subjective global judge-
ment on driving ability could be “predicted”
from the behaviour recorded in the detailed
driving protocol, a stepwise discriminant analy-
sis was carried out with the 9 most frequently
observed categories of behaviour. Tracking and
careful observation of traffic were selected, and
with these the pass or fail judgement was pre-
dicted with an accuracy of 81% and a prepon-
derance of correct positive decisions.

One may wonder why there is no perfect cor-
relation between the recorded driving behav-
iour and the driving instructor’s decision. This
can be explained by the fact that the driving
test was judged as failed if the instructor felt
compelled to actively intervene, for example, by
braking or assistive steering, in order to pre-
vent an accident. This occurred also in patients
eventually passing the test, but only in 14% of
these cases as compared to 80% of the subjects
failing the driving test.

Finally, a combination of the most predictive
variables from psychometric test results, sub-
ject-related variables and driving behaviour
categories was subjected to stepwise discrimi-
nant analysis. The variables correct reactions
in the complex reaction task, visual field defect
and tracking were included in the discriminant

function which yielded a total of 80% correct
decisions. However, this seemingly favourable
result is more of theoretical than of practical
value because once the on-road driving test has
been performed, its outcome according to the
instructor’s judgement will, of course, be the
best choice for the decision on a patient’s fit-
ness to drive.

In summary, our results indicate that psy-
chometric and subject-related variables do, to
some degree, contribute to the diagnosis of dri-
ving ability, with a hit rate of roughly 70%. This
could be regarded an improvement compared
to the base rate of approx. 60% of the patients
passing and 40% failing the driving test. How-
ever, this gain is certainly not satisfactory in
the case of individual decisions.

The problem is that it can be argued that the
validity of the on-road driving test as the external
criterion of driving ability is questionable. It is
frequently objected that relatively rare, but criti-
cal situations may not occur during the 1 /2 hour
driving test like, for example, the notorious ball
rolling into the road chased by a child or the
unexpected dropping of a large object from a
truck. It is suspected that even a moderately
increased simple reaction time would be disas-
trous and that reaction time measurement,
therefore, has a predictive value.

Because such critical events can, of course,
not be provoked during an on-road driving test,
it is often suggested that the driving ability
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should be tested in a driving simulator (Galski
et al, 1997 ; Gianutsos, 1994). Up to now, there
are only very few sophisticated simulators
available, at least in Germany, and there are
not yet any reliable norms available for compar-
ing the behaviour of patients with that of
healthy persons in rarely occurring, but partic-
ularly critical, circumstances.

It would not be surprising if quite a number
of normal subjects failed in such simulated
events but with nobody worrying about their
driving licence. Further, it is well known that
the majority of serious traffic accidents is
caused by healthy, but still unexperienced,
young drivers whose speed of reaction and also
general psychophysical capability are not in
doubt. Safe driving does not so much depend on
a high speed of reaction, or other skills on the
so-called operational level, but rather on the
ability to avoid situations which require an ulti-
mately fast reaction. This ability, taking place
on a tactical and strategical level, can hardly be
assessed by laboratory tests. It can be ob-
served, however, during real-life driving. Sum-
ming up, at the moment an extensive practical
driving test appears to be a good, if not the
best, choice.

Further. I would like to draw your attention
to the rule that a negative decision regarding
future driving should only be made if there is
good reason to expect an accident occurring in
the near future and not the mere possibility —
which can, of course, never be excluded — of
an accident occurring in the distant future.
This rule is stated in the guidelines (entitled
“Diseases and Motor Traffic” ) which have been
developed by a large board of medical experts
and edited by the German Ministery of Traffic
in order to help with the judgement of driving
ability (Bundesministerium fiir Verkehr, 1996).

To cut a long story short and to draw a con-
clusion, I would strongly recommend that an
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extended on-road test should be given in each
case of those brain-damaged patients who,
from a medical point of view, could be consid-
ered to be fit to resume driving, and that the
decision should be based primarily on the out-
come of the driving test. It must be noted that
this differs from the frequently given recom-
mendation to select only those patients for the
on-road driving who are “borderline cases” in
terms of neuropsychological test results.

In this context one should remember the fact
stated above, namely that even of the patients
who made their own decision to resume dri-
ving, 36% failed the driving test. This observa-
tion clearly shows the necessity that an on-
road driving test should be administered in
each case.

This procedure is not, by the way, unduly ex-
pensive as is sometimes objected by colleagues
favouring extensive neuropsychological testing
and distrusting any straightforward practical
approach.

The second issue of this paper concerns the re-
habilitation of driving ability. Although'some stud-
ies have included an attempt to restore driving
ability in brain-damaged patients (Gianutsos,
1994 ; Jones et al, 1983 ; Kewman et al, 1985 ;
Quigley & DeLisa, 1983 ; Sivak et al, 1981, 1984
; Timm & Hokendorf, 1994) it still remains diffi-
cult to draw a reliable conclusion regarding the
question which procedures should be followed
and which rate of success can be expected
(Brouwer & Withaar, 1997). Much of the uncer-
tainty is due to the problems mentioned before,
that is the use of small subject samples and a
bias to preselect patients.

The training procedures that have been ap-
plied range from (1) paper-and-pencil or com-
puter-assisted tasks relating to skills of visual
scanning, attention, speed of reaction, visu-
ospatial perception and orientation, planning
and problem solving, to (2) simple non-interac-
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B Simul./On-Road (n = 8)

B On-Road/Simul. (n = 8)

3.

Figure 2 Effect of training by driving stimulator sessons and on-road driving lessons on the overall qualitiy of
driving as judged by the driving instructor in three consecutive driving test ( “Simul./On-Road” and “On-
Road/Simul.” denote the sequence of training procedures).

tive driving simulators with presentation of
road-movies, the patient being required to ade-
quately react by braking, accelerating or steer-
ing, to (3) training sessions in sheltered off-road
areas, using either special small-scale vehicles
or regular cars and exercising various manoeu-
vres like slalom, stopping in front of obstacles,
parking in small spaces, etc., to (4) real-life on-
road training sessions with the assistance of a
driving instructor.

The common experience is that training pro-
cedures, and particularly those applying simu-
lator sessions or behind-the-wheel driving
lessons, can help to regain the fitness to drive.
Up to now, however, no detailed description of
promising procedures is available and it is, for
example, an open question whether computer-
assisted training in the neuropsychological lab-
oratory or simulator-training have any advan-
tage at all over the usual on-road driving

lessons supervised by an experienced driving
instructor.

It is generally felt that training on the level of
tactical and strategical behaviour may be more
important than training on the level of opera-
tional skills. Therefore, a technically sophisti-
cated and interactive driving simulator would
be most promising for training. Such appara-
tuses are, however, extremely expensive and,
at present, only a few are available. In contrast,
it is very easy to organize on-road driving
lessons practically everywhere in the neighbor-
hood of the patients.

A study comparing the effect of simulator
training with that of on-road driving lessons is
currently in progress at a neurological rehabili-
tation centre (Johanniter-Ordenshaeuser Bad
Oeynhausen) cooperating with the University
of Bielefeld. Patients admitted to the study are
first given a standard on-road driving test.
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Those failing this test participate in the train-
ing. A cross-over design is used in which half of
the patients start with 10 sessions of simulator
training, with approx. 30 min per session ; after
a second on-road driving test they continue
with 5 on-road driving lessons, each of 45 min-
utes duration ; thereafter, a third and final on-
road test is given. The training sequence is re-
versed for the other half of the patients.

Unfortunately, the study proceeds slowly so
that only preliminary results can be reported.
The effect of the training is shown in figure 2.
In the subgroup starting with simulator train-
ing 62% of the patients passed the second on-
road test and all patients succeeded in the third
on-road test following the real-life driving
lessons. Of the patients starting with driving
lessons 62% passed the second on-road test and
75% succeeded in the third on-road test follow-
ing the phase of simulator training. A statisti-
cal comparison did not reveal any significant
difference in efficacy between the two training
procedures. However, because of the still very
small sample this result must be regarded with
precaution,

Considering the effect of the combined train-
ing, 87% of the patients reached the criterion of
sufficiently safe on-road driving. And from this
point of view it does not matter whether or not
the first two on-road driving tests may also
have contributed to this effect.

A technically much more refined driving
simulator has been developed with financial
support from the Kuratorium ZNS and has just
been set up at the Neurological Rehabilitation
Centre in Bonn. In this simulator the subject is
presented with a very complex and realistic
traffic scenario seen “through” the windscreen
of the subject’s own car. The simulated traffic
in which the patient participates by almost
freely moving his car is highly variable, with
the possibility to pre-program many important
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parameters, in addition to the random occur-
rance of other traffic events. The simulator will
be used in the future for the training and test-
ing of a large number of neurological patients,
and the efficacy of the simulator as a testing
and as a training device will be validated
against the results of on-road driving tests. In
addition, a group of healthy subjects will be
submitted to the procedure in order to estab-
lish normative data .

It can be expected that within the next two
years important insights will be obtained from
this study at the Bonn-Bad Godesberg Rehabili-
tation Centre.

Acknowledgement : I wish to thank Mrs A. Waddington
for language assistance.
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