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Abstract

The driving ability can be affected by various motor, visual, cognitive and perceptual
deficits which are either age-related or caused by neurologic disorders. More specifically,
diseases affecting a person's brain functioning may significantly impair the person's driving
ability. The objective of this paper is to examine the driving performance profiles of drivers
with some brain pathology in rural driving environment, in low and high traffic conditions,
by means of a driving simulator experiment. Various driving performance measures are
examined, e.g. mean driving speed, lateral position, steering angle, headway and reaction
time at unexpected events. The driving performance of patients with brain pathologies is
compared to that of healthy controls. 114 participants of above 55 years of age have
completed the experimental procedure. Results suggest that there are differences between the
two examined groups. Patients drive at lower speeds, present higher lateral position
variability, keep larger headways and demonstrate worse reaction times than the control
group.

Keywords: driving performance, brain pathologies, rural road, driving simulator
experiment.

1. Introduction

Despite the fact that road traffic casualties presented a constantly decreasing trend during
the last years, the number of fatalities in road accidents in several countries in Europe and in
Greece in particular is still unacceptable and illustrates the need for even greater efforts with
respect to better driving performance and increased road safety [1]. A number of brain
pathologies may affect driving performance in the general population and particularly in the
elderly. Older drivers generally exhibit a higher risk of involvement in a road accident [2].
More specifically, diseases affecting a person's brain functioning (e.g. presence of specific
brain pathology due to cerebral diseases such as Alzheimer’s disease, Parkinson’s disease,
cerebrovascular disorders (strokes or even silent-infarcts), effect of pharmaceutical substances
used for the treatment of various disturbances), may significantly impair the person's driving
performance, especially when unexpected incidents occur [3, 4, 5, 6].

Regarding Alzheimer’s disease, although research findings suggest that individuals with
this disease may still be fit to drive in the early stages [7], they may show visual inspection
and target identification disorders during driving [8]. Moreover, the associated impairment in
executive functions appears to have a significant effect on driving performance [9, 10, 11],
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especially at unexpected incidents. Mild Cognitive Impairment, which is considered to be the
pre-dementia stage of various dementing diseases of the brain (e.g. Alzheimer’s,
Cerebrovascular, Parkinson’s disease), is a common disorder that may be observed in about
16% of individuals over 64 years old in the general population [12], a percentage that
increases further if individuals with mild dementia are also included. Recent studies suggest
that MCI is associated with impaired driving performance to some extent [13], as it is
characterized by attentional and functional deficits, which are expected to affect the driver’s
ability to handle unexpected incidents. Moreover, self-reported road accident involvement
was correlated with future diagnosis of dementia [14].

Neuropsychological parameters pertain to brain pathologies, as well. Because they are the
neurocognitive measures of brain pathologies, they are directly linked to driving performance,
in health and disease. These parameters are measured on the basis of reaction time, visual
attention, speed of perception and processing, and general cognitive and executive functions.
The tasks with the highest sensitivity to driving performance involve speed of visual
processing, especially as measured by the Useful Field of View test, attention (e.g. selective
attention, divided attention, etc.) and executive functions [15, 16, 17]. These tasks show
considerable decline with age and are associated with the probability of accident involvement
[18, 19].

Finally, various parameters may be related to the driving performance of individuals with
brain pathologies, including demographic, medical, neurological and neuropsychological
parameters. However, these inter-related parameters which are rather common in the general
population, especially in older adults, and may have an important effect on driving
performance, especially at unexpected incidents, have not been investigated sufficiently and
with a comprehensive methodology. Taking into account that the percentage of the elderly in
society is increasing [20], while at the same time the level of motorization also increases [21],
the need for investigation and comparative assessment of the impact of these conditions on
driving performance becomes a high priority.

2. Objectives

The objective of this research is to examine the driving performance profiles of drivers
with some brain pathology in rural driving environment, by means of a simulator experiment.
The brain pathologies examined are Alzheimer’s Disease (AD), Parkinson’s Disease (PD),
Mild Cognitive Impairment (MCI) and some others. Various driving performance measures
are examined, e.g. mean speed, lateral position, steering angle, headway, reaction time at
unexpected events etc. and the driving performance of patients with brain pathologies is
compared to that of healthy controls of similar demographic characteristics by means of
descriptive statistics. The paper starts with a presentation of a large driving simulator
experiment, in which the driving performance of patients with cerebral diseases and healthy
drivers was examined in different driving scenarios, followed by a thorough neurological and
neuropsychological assessment of all participants. The existing sample size and
characteristics are presented next, followed by a description of the results which are presented
and discussed, and some concluding remarks are provided.



3. Driving Simulator Experiment

3.1. Overview

This research is based on a methodological framework for the combined assessment of
traffic, behavioural, medical, neurological and neuropsychological parameters on driving
performance. In this framework, the aspects of driver behaviour and safety research addressed
are inherently interdisciplinary, and an experiment was designed by an interdisciplinary
research team including:

o Transportation Engineers - National Technical University of Athens (NTUA)

o Neurologists - University of Athens Medical School, ATTIKON University General
Hospital, Haidari, Athens

o Neuropsychologists - Department of Psychology, University of Athens and the Aristotle
University of Thessaloniki.

According to the objectives of the analysis, the experiment includes three types of
assessment:

e Medical / neurological assessment: The first assessment concerns the administration of a
full clinical medical, ophthalmological and neurological evaluation, in order to well
document the characteristics of each of these disorders.

¢ Neuropsychological assessment: The second assessment concerns the administration of a
series of neuropsychological tests and psychological-behavioural questionnaires to the
participants. The tests carried out cover a large spectrum of Cognitive Functions:
visuospatial and verbal episodic and working memory, general selective and divided
attention, reaction time, processing speed, psychomotor speed etc.

e Driving at the simulator: The third assessment concerns the driving behaviour by means of
programming of a set of driving tasks into a driving simulator for different driving
scenarios.

The first two assessments are carried out at the ATTIKON University General Hospital,
and their description is beyond the scope of this paper. The third assessment, takes place at
the Laboratory of Traffic Engineering of NTUA and is presented in detail in the following
section [22].

3.2. Driving at the simulator

The NTUA driving simulator is a motion base quarter-cab manufactured by the FOERST
Company. The simulator consists of 3 LCD wide screens 40” (full HD: 1920x1080pixels),
driving position and support motion base. The dimensions at a full development are
230x180cm, while the base width is 78cm and the total field of view is 170 degrees. It’s
worth mentioning that the simulator is validated against a real world environment. The design
of the driving scenarios of this research includes driving in rural road, in low and high traffic
conditions, without external distraction. More specifically, the driving simulator experiment
begins with one practice drive (usually 10-15 minutes), until the participant fully familiarizes
with the simulation environment. The familiarization with the simulator includes succeeding
in basic tasks regarding handling of the simulator such as braking and accelerating properly,
keeping the vehicle into the lane correctly and managing to have a constant speed.
Afterwards, the participant drives the rural session (approximately 20 minutes). The rural
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route is 2.1 km long, single carriageway and the lane width is 3m, with zero gradient and mild
horizontal curves.

The traffic conditions examined include:

e Qu-Low traffic conditions (ambient vehicles’ arrivals are drawn from a Gamma
distribution with mean m=12sec, and variance ¢>=6 sec, corresponding to an average
traffic volume Q=300 vehicles/hour)

e Qu-High traffic conditions (ambient vehicles’ arrivals are drawn from a Gamma
distribution with mean m=6sec, and variance 6?=3 sec, corresponding to an average traffic
volume of Q=600 vehicles/hour)

Consequently, in total, each session includes two trials of the simulated route (2 rural road
trials 2.1 each). During each trial, 2 unexpected incidents are scheduled to occur at fixed
points along the drive. More specifically, incidents in rural area concern the sudden
appearance of an animal (deer or donkey) on the roadway. The sequence of the trials is
random in order to avoid learning effects. Finally, all patients are to carry out the simulator
experiment while under their usual medication, so that their driving performance corresponds
to their everyday condition, as treated by their neurologist.

3.3. Participants

For the purpose of this research 114 participants have been through the driving simulator
experiment that was described analytically above. Patients and healthy controls are compared,
in rural driving session, without any kind of external distraction, in low and high traffic
volumes. Out of the 114 participants, 34 are controls (66.0 y.0.+8.6, 17 males), and 80 are
impaired (69.0 y.0.£9.1, 55 males): 17 AD patients (74.4 y.0.+5.2), 35 MCI patients (70.1
y.0.£5.0), 16 PD patients (66.1 y.0.£7.6) and 12 patients of other brain pathologies (66.2
y.0.£6.4). It is worth mentioning that all 114 participants are above 55 years of age. This was
carefully selected in order not to have age as a parameter that may affects the results, but only
their cerebral condition.

3.4. Key driving performance measures

The key driving performance measures examined in this research correspond to
longitudinal and lateral driving control measures and are presented below:

e mean speed (mean speed of the driver along the route, excluding the small sections in
which incidents occurred, and excluding junction areas)

o time headway (time space between the simulator vehicle and the vehicle ahead, excluding
the small sections in which incidents occurred, and excluding junction areas)

o reaction time (time between the first appearance of the event - “hazard” on the road and
the moment the driver starts to brake)

o steering angle (average steering angle of the wheel, excluding the small sections in which
incidents occurred, and excluding junction areas)

o lateral position (distance between the vehicle and the middle axis of the road, excluding
the small sections in which incidents occurred, and excluding junction areas)



All these key measures were analyzed by descriptive statistics and the results are presented
below. It is worth mentioning that mean values are compared and average values plus and
minus standard deviation are shown on diagrams.

4. Results

4.1. Mean Speed

In Fig. 1, the mean speed of drivers along the trial (in rural road area, in high (Qu) and low
(Qu) traffic volume) is presented per driving group. It is observed that control drivers drove
the trial road section at approximately 16% higher speed than impaired drivers in both low
and high traffic volumes. Mean speed is lower in high traffic volume conditions, as expected.
Finally, the variability of speed is lower in high traffic volume as expected due to the dense
traffic conditions.

***Ejgure 1 to be inserted here***

4.2. Time headway

In Fig. 2, the time headway of drivers is presented for the examined conditions. It is
observed that impaired drivers keep larger headways from the vehicle ahead compared to the
control group (52% in low traffic volume and 66% in high traffic volume). This is obviously
happening because of their lower speed and their conservative driving. Impaired drivers seem
to having trouble dealing with the high traffic volume and their time headways are significally
reduced. Of course in high traffic volume lower time headways are obvious results. It’s worth
noticing the large variability of mean space headways for impaired drivers in both traffic
volumes compared with the variability of the control group headways.

***Ejgure 2 to be inserted here***

4.3. Lateral position

In Fig. 3, the lateral position of drivers is presented. Lateral position profiles of both
examined groups don’t seem to have any significant differences. It is observed that in high
traffic volume both control and impaired drivers drive approximately 10% more closely to the
right border of the road.

***Ejgure 3 to be inserted here***

4.4, Steering Angle

In Fig. 4, steering wheel is examined. It is worth mentioning that lower steering angle
means wheel to the right. It is observed that no significant differences are presented between
control and impaired group. In high traffic volumes all participants tend to drive at the right
border of the road (this was observed in lateral position results too). Finally, the higher the
traffic is, the more variability in wheeling angle the control drivers have, whereas the lower
traffic volume is, the more variability in wheeling angle the impaired drivers have.

***Eigure 4 to be inserted here***

4.5. Reaction Time
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In Fig. 5, the reaction time of drivers is presented per driving condition. Impaired drivers
have worse reaction times than the control ones (30% worse overall). These worse reaction
times of impaired drivers are confirmed by their neurological and neuropsychological
assessment. At the present time the medical and neuropsychological database is under
preparation in order to be finalized and used in future statistical analyses, and thus it is not
available. Finally, traffic volume appears to affect the reaction time of all drivers.

***Ejgure 5 to be inserted here***

4.6. Speed Profiles

In Fig. 6, the average speed profiles of drivers along the rural road trial (low and high
traffic volumes, no external distraction) are presented per driver condition. It is observed that
all drivers present very similar speed profiles in terms of general shape, which is intuitive
given that the shape of the speed profile is largely dependent on the road geometry, the
appearance of incidents (i.e. speed drop is visible at around Km 1.05 and Km 1.35 of the
profile) and the traffic conditions, which were the same for all drivers.

Healthy drivers drove the trial road section at higher speeds than impaired drivers, which is
also arising from chapter 4.1. It is also observed that the difference between the two traffic
volumes is obvious in both examined groups.

Moreover, it is observed that after the first unexpected incident impaired drivers are more
careful and don’t seem to reach the speed they had before the incident, which is a
compensatory strategy, in order to self-regulate their driving behaviour.

***Eigure 6 to be inserted here***

In Fig. 7 and Fig. 8, speed profiles of all participants are presented. We can detect overall
higher speeds for healthy drivers compared to the impaired group’s speeds in both traffic
volumes. This finding though was detectable from the chapter 4.1.

It is observed that impaired group (red lines in low traffic figure and yellow lines in high
traffic figure) has variability between 20 and 60 km/h, whereas control group (blue lines in
low traffic figure and green lines in high traffic figure) has a smaller variability between 40
and 70 km/h.

***Ejgure 7 to be inserted here***

***Ejgure 8 to be inserted here***

4.7. Lateral Position Profiles

Fig. 9 concerns the mean lateral position profiles per driver group along the rural road
section trial (low and high traffic volumes, no external distraction). Lateral position is defined
as the vehicle’s distance from the central axis of the road. In this case, differences between
drivers are less pronounced, yet detectable. Lateral position profiles between healthy drivers
and impaired drivers exhibit more similarities in terms of overall shape of the profile and
magnitude of the examined measure. It seems that high traffic conditions lead drivers to drive
to the right border of the road. These smaller differences in lateral position between healthy
and impaired drivers may be attributed to the fact that, by definition, lateral position is a less



sensitive measure of driving performance (due to the restrictions of the road section
geometry).

***Ejgure 9 to be inserted here***

Moreover, after 1650m we detect a big variability of lateral position. This is happening due
to the fact that in this particular segment of the route there is the only “demanding” turn of the
trial (quick left turn followed by quick right turn). In Fig. 10 and Fig. 11, lateral position
profiles of all participants are presented. In overall, it is observed that in both traffic volumes
has higher variability in lateral position (more “red” and “yellow” peaks in he figures than
“blue” and “green” ones). This happens because of the difficulty the impaired group has to
keep a smooth driving line along the route.

***Eigure 10 to be inserted here***

***Eigure 11 to be inserted here***

5. Conclusions and discussion

The objective of this paper was to present and analyze the driving performance profiles of
drivers with some brain pathology in rural driving environment, by means of a simulator
experiment. The brain pathologies examined were Alzheimer’s disease (AD), Parkinson’s
disease (PD), Mild Cognitive Impairment (MCI) and some other brain pathologies. Various
driving performance measures were examined, e.g. mean speed, lateral position, steering
angle, headway, reaction time at unexpected events etc. and the driving performance of
drivers impaired by brain pathologies was compared to that of healthy controls by means of
descriptive statistics. More specifically, 114 participants (34 controls, 80 impaired, all above
55 years of age) had been through the driving simulator experiment. Impaired and Control
group were compared, in rural driving session, without any kind of external distraction, in
low and high traffic volume.

Results suggested difficulties in driving performance of the impaired group in almost every
driving performance measure examined. More specifically, regarding the driving speed, and
its variability, it was observed that control drivers drove at approximately 16% higher speed
than impaired drivers in both low and high traffic volumes and have lower variability in their
speed. The speed profiles of the participants confirm these results. Then, examining the
headway, it was observed that due to the lower speeds, impaired drivers kept much larger
headways (more than 50% larger) which was expected. It is worth mentioning, though, the
large variability in impaired drivers’ headways along the driving route. This means that they
could not adjust their speed and had significant difficulties in keeping constant and safe
headways.

The lateral position results appeared to be the same between the two groups, but the lateral
position profiles that were extracted, presented a large variability in impaired drivers’ lateral
position along the route, which means difficulties in positioning the vehicle properly in the
lane. It is worth noticing that in high driving conditions all examined groups drove more
closely to the right border of the road.

Moreover, regarding the steering wheel, it was observed that the higher the traffic was, the
more variability in steering angle the control drivers had, whereas the lower traffic volume
was, the more variability in wheeling angle the impaired drivers had. A possible explanation
is that in high traffic volumes healthy drivers may try to overtake the vehicle ahead and thus
they have variability in wheeling angle, whereas impaired drivers (who drive at lower speeds)
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may use the vehicle ahead as a “guide” and just drive behind them conservatively, following a
self-regulation strategy regarding their driving performance. In every case, this finding is very
interesting and will be examined in the future in a larger sample.

Finally, drivers suffering from brain pathology had significantly larger reaction times in
both traffic environments compared to the control group (almost 30% worse reaction times).
This finding may lead to higher accident probability.

All above results are quite promising and confirm the initial hypotheses of the research that
brain pathologies may deteriorate driving performance in several ways regarding road safety.
Further statistical analyses, though, with a larger sample scheme will strengthen our study.
Finally, the results are to be considered within the limiting context of driving simulator
studies - driving performance is known to be more accurately and reliably estimated by means
of on-road studies. However, the relative effects of impaired vs. healthy drivers are known to
be quite identifiable in simulator studies.
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8. Figures
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Fig. 1. Mean Speed (km/h)(blue column refers to low traffic, orange column refers to high traffic)
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10




Lateral Position

1,80
1,05
2 1,70
&
= 165
S 160
© _—
g 15
8 S
= 150
o
E 14
w
=] 1,40
1,35
1,30 Control Impaired
QL avertstdev 1,62 1,63
QL aver-stdev 1,36 1,35
QL aver 1,49 1,49
QH avert+stdev 1,77 1,74
QH aver-stdev 1,48 1,48
M QH aver 1,62 1,61
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Fig. 5. Reaction Time (millisec)(blue column refers to low traffic, orange column refers to high traffic)
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