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Monitoring and

Assessment by Drivers

with Special Needs,

SimulatOr Experiences

Björn Peters

Drivers with special needs form a group of drivers who can not at all or
only with serious problems manage to drive a standard production car.
One reason for this is that ordinary cars are designed for people with full
physical, mental and perceptual abilities. Another reason is that drivers
with special needs have some form of impairment which limit their
possibilities to cope with the technical environment they have to face in
order to drive a car. The impairment also limits their overall independent
mobility. Being able to drive a car is a way, perhaps the best way, for
people with special needs to (re)gain mobility. Their chance to drive a
car largely depends on the possibilities to adapt the car according to
theirs abilities and resources. Unfortunately drivers with disabilities are
rarely considered in the design of modern cars and new advanced driver
support systems. This might decease their chances to drive but could also
result in products that are far from what might be the best for all of us.
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How many drivers with special needs are there? This is a difficult
question to answer as it depends on who we consider being a driver with
special needs. Usually we estimate that 10 - 15 % of the population have
some kind of disability. Many of these are elderly. All types disabilities
do not necessarily in uence a persons ability to drive a car. For instance
a hearing problem does not, at least legally, stop a person from driving. It
has been estimated that 0.5% of European drivers are physically impaired
and 0.2% cannot drive unless the car is adapted/converted. In Sweden
there are between. 15.000 - 20.000 cars which are adapted for drivers

with disabilities.

The focus in this presentation will be on drivers with upper and lower
limb impairments and specially those with spinal cord injuries (SCI).
These drivers constitute one of the larger subgroups of drivers with
disabilities. This kind of impaired drivers were also the rst to drive
adapted cars. Disabled veterans, most with limb impairments, returning
from the second world war were the rst to express a signi cant demand
for adapted cars. The adaptations most frequently needed are support
systems for ingress and egress of the car and making controls possible to
use with the limbs that are still working suf ciently. Most SCI drivers
use their hands for all the primary control tasks (steering, braking and
accelerating).

Are drivers with disabilities more accident prone? No, it looks at least
like they drive just as safe as other drivers or even safer. They are not
involved in more accidents and they seem to follow the same pattern as
other drivers - elderly and novice drivers are more at risk. But this is an
area that needs to be further investigated. On the one hand we know that
these drivers have a different risk exposure as many of them restrict their
driving by avoiding driving at rush hours, night time, bad weather etc.
but also that they are closer to the limits of their resources once they
drive. So you could say that they drive as safe as other drivers by
voluntary restrictions and by spending a higher effort when driving.
Discomfort is a limiting factor for their mobility. This could probably be
improved as we monitor and assess their driving behaviour as a rst step
towards a new design.

Two simulator experiments have been performed in an advanced moving
base driving simulator at the VTI with lower limb impaired drivers. The
purpose of the rst experiment was to 1. investigate if they drove
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different from a control group of matched non impaired drivers and 2. to
identify possible problems they had while driving. Twenty-six tetraplegic
drivers(lower and upper limb impaired, wheel chair users) and a control
group of equal number drove a 80 km long country side route. The
experimental group was divided into two equal subgroups who drove
with two different types of hand controls for accelerating and braking. It
turned out that the tetraplegic drivers drove just as well as the non
impaired drivers except that they had a slightly longer but signi cant
(5%) reaction time when they were presented to unexpected events. They
also felt more tired from the driving task than the control group.

In the second experiment an Adaptive Cruise Control (ACC) system was
installed in the driving simulator. Twenty drivers with lower limb
impairment participated. All were experienced drivers of converted cars
with hand controlled accelerator and brakes,. The purpose of this
experiment was investigate how ACC driving would in uence workload,
comfort and driving behaviour. Two common types of hand controls
were used (the same as in the rst experiment). All subjects drove a 100
km long test route with oncoming traf c and car following situations
both with and without ACC available. Subjective workload was found to
be lower and performance better when ACC was used. The subjects
thought they could control both speed and distance to leading vehicles
better while driving with the ACC. The ACC system substantially
contributed to decrease workload and increase comfort but need to be
designed with respect to the demands and resources of this group of
drivers.

Why should we bother with drivers with special needs? They are such a
marginal group. There are at least two important reasons why they should
not be neglected. First of all everybody should be provided with the best
means to ensure sustained mobility. Public transportation facilities are
not yet accessible in a way that it can compete with the independent
mobility of driving a private car. This will surely also be pro table for
the society. A second reason is that if we include these drivers in the
design and evaluation process we stand a far better chance to early detect
aws in design and implementation of future cars and driver support

systems. The ones with the least resources are more likely to early reveal
the weak points in a car design, even those which might become a risk
for the non impaired drivers in a critical situation.
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1. IMPAIRMENT, DISABILITY, AND HANDICAP - WHAT IS

THE DIFFERENCE?

Usually we don t bother to make any distinction between impairment,
disability and handicap. In daily speech we call people who are deaf,
blind, wheel chair users and other impaired persons for handicapped
people. But a handicap is not just an attribute linked to an individual but
it also depends on how the environment is designed. A handicap is
caused by a mismatch between a disabled individual 's needs and
resources and the environment she or he has to interact with. An
impairment is a loss, abnormality, dysfunction in an individual s organ.
A disability is a restriction or lack of ability in the activities an individual
can perform compared to average human beings. A handicap is a
disadvantage for an individual, caused by an impairment or a disability,
that limits or prevents the ful lment of a role that is normal for that
individual. These terms have been de ned and thoroughly explained by
WHO [1]. Figure 1 shows that there are many people who are impaired
but less who are disabled and even less that are handicapped. If the
environment can be designed or adapted to users with impairments or
disabilities they don t have to be handicapped or at least their handicap
can be limited.

     
% ofthe

population

degree of

impairment   

large

Figure I Impairment, disability, and handicap
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Even though we make the distinction between these terms clear there is
no clear cut way to decide when there is an impairment at hand or not.
The levels are oating. When we consider car driving there are some
medical requirements that have to be ful lled in order to hold a driving
licence. A hearing impairment does usually not a prevent a person from
driving. Even deaf people are allowed to drive without any restrictions.
But people with sight problems, or certain illness (epilepsy etc), or
balance problems are considered not able to drive. There are people with
degraded performance that we normally does not normally consider
being impaired But where the reduced performance in one way or the
other in uence their chances to drive safe and comfortably. Many of
these are elderly or senior citizens. These together with those who are
disabled with respect to driving a standard production car we can say
from a group of drivers that we call drivers with special needs.

2. HOW MANY ÅRE THERE?

As previously mentioned it is very dif cult to clearly de ne the group of
drivers with special needs. We can consider the gures for people with
impairments and/or disabilities and then just note that the number of
drivers with special needs will constitute in some cases an even larger
group. Dependeing on the impairment. It seems that disabled people is a
growing part of the population. We know for instance that the proportion
of elderly people and also elderly drivers is steadily increasing. Many
(70%) of the mobility impaired people are elderly ([2]). Sandhu and
Woods [3] claim that 10 - 15 % of the population in most European
countries are disabled. In 1988 Börjesson [2] estimated that approx. 12%
of the Swedish travellers are disabled. How many drivers with
disabilities are there? Haslegrave [4] tentatively estimated that 0.5% of
the drivers were physically impaired and 0.2% needed an adapted car in
order to drive. This meant at that time over 70,000 driver under 65 year
in England. In Sweden there are between 15 - 20.000 adapted cars. This
implies that 0.3 - 0.4 % of the driving population in Sweden use adapted
cars. This is a slightly higher proportion than what Haslegrave reported.
This could be due to a better nancial situation for drivers with
disabilities in Sweden than in England. Divers with limb (upper and/or
lower) impairments is quite a large group people who require adapted
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cars. Drivers with spinal cord injuries constitute a rather small part of the
drivers but they are a group of drivers with whom much of the adaptation
experience have been gained. If we consider drivers with special needs
that would bene t from an adapted or rather an improved design of the
driver s cab we ll end up with quite a large part of the driving
population.

3. SPINAL CORD INJURIES AND DRIVING

A spinal cord injury (SCI) means that both the sensory and motor nerve
function is impaired. A SCI is caused by a disconnection in the spinal
nerves. These nerves are vital for our ability to move. A dysfunction in
the spinal nerves can have many causes but I will here only discuss
traumatic SCI. This kind of damage will make an individual more or less
paralysed in the limbs. But other functions in the nervous system will be
intact like perceptual, cognitive, memory abilities.

The spine is divided in to 5 section (cranial, thoracic, lumbar, sacral and

caudal). Nerves that control different parts of the body enter the spine at
different levels. Figure 2 gives a picture of how the nerves are distributed
along the body. The location of a spinal injury determines the extent of
the paralysis. The part of the body that is below the injury will be
affected. An injury located to the torso (T 1 - T12) will result in a lower
limb impairment (paraplegi) and if the injury is located to the neck (C1
C8) will also affect the upper limb (tetraplegi). If an lesion is located at
C4 or above the person will not be able to drive.

SCI is a typical injury for young males. Over the years the gender
distribution have been 80% males and 20% females and the mean age
when injured somewhere between 20 and 30. Now though it seems like
the ladies are catching up (30 - 35%) and also we can see an increase in
age (35 - 40) at the time of injury. A largest part of these injuries are
caused by traf c accidents but it has decreased lately ([5]).
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Figure 2 The distribution of the nerves that control different parts of the
boajz with respect to where they enter the spinal cord (C = cranial, T =
thoracic L = lumbar, S = sacral)

SCI will greatly reduce the mobility and independence for the individual
affected. Many will need a wheel chair for their personal mobility. A
paraplegic will be able to use a manual wheel chair but tetraplegics with
a lesion located at a high level will probably need an electric wheel chair.
Driving an adapted car will be the best way to regain mobility and
independence for those who can. Public transport and special transport
services cannot at yet offer the same level of independent mobility.

A person with a disability who wants to drive will be assessed in order to
nd out if the reduced abilities are not too extensive and if the available

resources will be enough in order to drive an adapted car. The basic
requirement is that the car should be adapted in order to permit the
disabled person to drive just as safe as all other drivers. Apart from the
medical assessment a dedicated driver assessment is usually performed
which include reaction time test, reach, force, endurance etc. Some
times the assessment also includes perceptual and cognitive tests but this
is not usually the case at least for persons with SCI. Preferably the
assessment should also include some kind of initial driving test. This is a
procedure applied in many assessment centres in England like at
Banstead Mobility Centre [6]. In the US they have also developed a
instrumented test vehicle especially designed for SCI driver applicants
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[7]. How driving simulator can be used to assess drivers with disabilities
have been described by Verwey [8]. All these assessments can also serve
a more general purpose; namely to let us better understand what human
resources are needed in order to drive a car.

The most common adaptations for SCI drivers are support systems for
entering and leaving the car, adapted primary and secondary controls.
Here the focus will be on adapted primary controls. Most SCI drivers
cannot use their feet for the pedals and they have to use hand controls for
the accelerator and the brake [9]. Even if the car is adapted it is known
that many impaired drivers and not the least the SCI drivers suffer from

physical overload caused by the driving task [ 10].

4. ACCIDENTS AND INCIDENTS

It could be expected that drivers who need to spend more effort and work
closer to the limit of their abilities in order to drive would be more
accident prone. But it does not seem to be so. Or at least as far as we
know now. First of all we have to note that our knowledge about the
accidents and incidents of disabled drivers is both incomplete and
unclear [11], [4]. But there are some investigations which show that these
drivers are involved in accidents to the same or even lower extent as
other drivers and that they show the same accident pattern which means
that elderly and inexperienced drivers are more involved in accidents
[12], [13]. Lääperi et al. found in a retrospective study with a group of
105 drivers who had various disabilities that 7.6 % had been involved in
an accident which is slightly higher than for the total population (7.0%).
But when they also consider the exposure (yearly driven distance) they
found that the result was reversed 3.8% per 106 km for the drivers with
disabilities compared to 4.0 % per 106 km for all. The largest group of
drivers that Lääperi studied had SCI (60%). We can conclude that there
is no obvious evidence that SCI drivers should be more at risk compared
to the total driving population. But there is a great need for further
studies in this area. At least we know that the passive safety in converted
cars is not what is ought to be but and that the active safety, usefulness,
and comfort of adapted primary controls needs to be further studied and
developed [14].
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5. DRIVING SIMULATOR EXPERIMENTS WITH SCI DRIVERS

The dynamic driving simulator at the VTI was used in both the
experiments described below. The car body used in the simulator was the
front half of a Saab 9000 with an automatic gearbox. The vehicle
dynamics is modelled in the computer system and the moving base
system simulates accelerations in three directions through roll, pitch and
linear lateral motions. The visual system presents the external scenario
on a 120° wide screen, 2.5 metres in front of the driver. The sound

system generates noise and infrasounds that resembles the internal
environment in a driving car. The vibration system simulates the
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Figure 3 Hand controls for accelerator and brake. To the left is a single
lever system and to the right is a dual lever system, separate levers for
acceleration and braking. The white arrows show the direction of
operationfor braking and the black arrow indicates how the accelerator
lever work. arom SINTEF, Unimed, Norway)
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sensations the driver experience from the contact between the road and
the vehicle. The driving simulator have high performance characteristics
with very short time delay of maximum 40 ms. A short time delay
between visual and motion perception is important to prevent motion
sickness and to maintain a high level of reality. The car body is
positioned 2 metres above floor level. To make it accessible for the SCI
subjects, a wheel chair lift was installed and the platform outside the car
body was extended. No other adaptations were done for entering and
leaving the car.

Two common systems for hand controlled accelerator and brakes were
installed in the simulator (Figure 3). The single lever system was
operated by the driver so that he or she pushed the lever forward for
braking and pulled it to accelerate. The other system had two separate
levers placed on the steering column. The brake lever was pushed, and
the accelerator lever was moved radially. Both systems were operated by
the driver s right hand. The left hand was used for steering.

6. DRIVING BEHAVIOUR OF TETRAPLEGIC DRIVERS

The objective with the rst experiment was to investigate driving
behaviour of two groups of SCI drivers as compared to non disabled
drivers[15]. Fifty-two subjects, 26 SCI (tetraplegi) drivers and 26 able-
bodied persons, participated in the study. The SCI drivers were paralysed
in their lower limbs, impaired the upper limbs and had trunk instability
problems all due to an spinal cord lesion at neck level (C4-C7). They all
depended on a wheel chair for their personal mobility. The gender
distribution for both groups were 24 males and 2 females. The subjects
were divided in to two subgroups equal in size depending on the type of
hand control (single or dual lever system) they used in the simulator. All

SCI drivers were experienced drivers with their respective hand controls
for accelerator and brake. The control group consisted of 26 able-bodied
subjects and was matched to the experimental group concerning gender,
age, driving experience, and annual distance driven. The control subjects
used the car s original pedals for braking and accelerating.
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The subjects drove on a two-lane, 9 m wide asphalt road with high
friction. The weather condition was slightly cloudy with a sight distance
of approximately 400 m. The test route was 80 km long and consisted of
a mixture of straight and curve sections with various radius. It resembled
an ordinary rural road. There were oncoming traf c and parked cars that
the driver had to pass along the route. To simulate unexpected traf c
events requiring the driver to react, a visual stimulus (red or yellow
square) was presented on the screen, peripherally in the visual eld on
the left side of the road. The subjects' task was to brake as fast as
possible when red squares were presented (4 times), and to do nothing
when yellow squares were presented (4 times). All subjects drove the
same route and were exposed to the same situations and events.

Subjects were give verbal and written instructions before the test. They
also drove a 20 km route before the actual test in order to familiarise
them with the driving simulator. After the test they rated their workload
and answered a questionnaire.

The mean speed and lateral position over the total test route (80 km) was
calculated for each subject, and group means were created. The mean
speed for the SCI drivers was 91.3 km/h, while the controls drove with
an average speed of 88.4 krn/h. There were no significant (S%)
differences between the SCI drivers and the control group with respect to
speed and lateral position. Also there were no differences between the
two subgroups of SCI driver in this respect. The mean variation in lateral
position was calculated over all straight sections for each subject. There
was no signi cant (5%) difference between the SCI group (SD=.43 m)
and the control group (SD=.47 m). But for the two experimental
subgroups there was a difference [F(1,24)=5.30, p=.0303]. The subjects
driving with the dual lever system had a greater variation in lateral
position (SD=.47 m) compared to those driving with the single lever
system (SD=.40 m). The mean reaction time for the group of SCI drivers
was 0.90 s and for the control group 0.80 s. This difference was
signi cant [F(1,50)=6.53, p=.0137. The two subgroups of SCI drivers did
not differ signi cantly (5%). The six workload factors of NASA-TLX
were analysed and the only signi cant difference between the tetraplegic
and control groups was found for time pressure [F(1,50=8.42, p=.0055].
The tetraplegics experienced a heavier time pressure compared to the
controls. All subjects had to answer the question "Do you think it was
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tiring to brake and accelerate?" and the answers were given on a rating
scale ranging from 1 for "very tiring" to 7 for "not at all tiring". A one
way ANOVA showed a signi cant [F(1,50)=9.65, p=.OO312] difference
between the SCI group (5.77) and the control group (6.81). The
tetraplegic subjects thought it was physically more tiring to brake and
accelerate compared to the able bodied subjects. The tetraplegic drivers
using the single lever hand control thought it was physically more tiring
to brake and accelerate (5.08) compared to the tetraplegic drivers using
the dual lever hand control (6.46). Static force was measured before and
after the test but did not reveal any difference between the various
groups.

It was concluded that compared to non impaired drivers using
conventional pedals, SCI drivers driving with hand controlled brake and
accelerator

. show the same overall driving behaviour.

0 react somewhat slower to unexpected traf c events.

0 do not rate their workload level higher.

. but feel more tired from braking and accelerating, an experience which
can not be explained by physical local fatigue.

If the two subgroups of SCI driver are considered separately

0 the drivers using the dual lever control have a greater variation in
lateral position (swerve)

o the drivers using the single lever control feel more tired from braking
and accelerating.

7. DRIVERS WITH LOWER LIMB IMPAIRMENTS DRIVING
WITH AN ADAPTIVE CRUISE CONTROL

The purpose of the study was to investigate ACC driving in uence on
workload, comfort and driving behaviour compared to manual
driving[16]. The ACC system used in this experiment could keep a
constant speed selected and set by the driver and also adapt speed in
order to keep a safe distance to a leading vehicle. _
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Twenty SCI subjects, seventeen men and three women, participated in

this study. All subjects were experienced drivers of adapted cars. The
subjects were divided in to two subgroups equal in size depending on the
type of hand control (single or dual lever system) they used for manual
driving. The same types of hand controls as in the previously described
was used also in this experiment. The rather few number of female
subjects (15%) corresponds to the gender distribution among lower limb
disabled people in general. All subjects had a minimum driving
experience of at least 2 years (mean 9.7 years) or at least 40,000 km in
adapted cars equipped with the type of hand control they used in this
study. All subjects drove both with and without the ACC available.

Vehicle Controls ACC Feedback ACC Control
 
  

  
   

 

 

 
 

 

 

 

  
 

 

 

  
  Driving Simulator
Computer   
 

Driving Simulator

Figure 4 Simulator set-upfor the ACC experiment

The ACC system was installed in the driving simulator. All
communication between the ACC and the driving simulator was handled
by a CAN bus (Figure 4). Basically the ACC worked as a standard CC by
keeping a set cruising speed selected by the driver, but it could also
adjust speed in order to maintain a safe distance to a leading vehicle.
This function was realised by a simulated sensor for vehicle detection
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mounted in the front of the car. The ACC controlled both throttle and
brakes when activated. The selected speed could be adjusted up and
down in increments of 10 km/h by the driver. Speeding overrode the
ACC, but the selected speed was resumed when the accelerator was
released. The driver could at any time disengage the ACC by braking or
turning the ACC off manually. After braking the ACC could resumed
previous speed if the speed was not below 30 km/h. Headway applied by
the ACC was speed dependent. Feedback to was provided on the dash-
board. When the ACC was turned on the word CRUISE would appear in
amber at the lower right on the dash board. The speedometer had a circle
of amber which indicated selected speed. At the top right on the dash
board an amber car symbol was lit when a leading vehicle was identi ed.
The ACC controls were placed on the direction indicator stalk to the left
of the steering column. The controls had the following functions
ON/OFF, SET/RESUME, Step Up (+ 10 km/h) and Step Down (- 10

km/h).

The test road was 9 m wide with two lanes and a hard shoulder. The road
surface consisted of asphalt with randomised texture with high friction. It
was daylight conditions with a sight distance of approximately 500 m.
The route consisted of mixed straight sections and sections with varying
horizontal and vertical curvature. The speed limit, marked by road signs,
was in general 90 km/h but occationally also 70 km/h. The experimental
route was 100 km long. The same route was used for all subjects and
both with and without ACC.

Different traf c situations appeared in a randomised sequence but equal
to all subjects during the driving session. The subjects were meeting
oncoming vehicles. Unexpected traf c events were simulated by visual
stimulus as for the previously described experiment. There were sixteen
car following situations during the test drive. Catching up procedure was
standardised. There were four types of car following situations: Leading
vehicle braking, Leading vehicle driving with varying speed, Leading
vehicle with constant speed, Leading vehicle stopping at traf c lights.

The following measures were used: speed, lateral position on the road,
time headway, and reaction time. Subjective measures of workload
(NASA - RTLX) and questionnaires were used to collect the subject's
opinion. Before the test all subjects were give written and verbal
instructions and answered a questionnaire about age, gender, handicap,

and driving experience. All subjects were instructed to drive and interact
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with other road users as they would do normally in real life traf c under
comparable conditions. At both occasions, with and without ACC, the
subjects drove a 20 km long training route where all the relevant traf c
situations were demonstrated. After the test drive all subjects rated the
experienced workload and in a separate questionnaire answered
questions regarding speed and distance control, and usability of the ACC
system.

The general driving behaviour was analysed in terms of mean speed and
lateral position on the road and the variations of these measures. The
mean speed level was for ACC driving 88.6 km/h (single lever drivers
89.3 km/h and dual lever drivers 87.8 km/h) and for No ACC driving
89.1 km/h (single lever drivers 88.2 km/h and dual lever drivers 89.9
km/h). A two-way ANOVA did not show any signi cant (5%)
interactions or main effects.

Free ow driving was de ned as the total distance when the subjects did
not have to deal with catching up, overtaking, or other interfering
situations. The total free ow driving distance was approximately 60 km
(60%) of the total route. The mean speed for free ow driving was for
the ACC condition 94.7 km/h (single lever drivers 95.4 km/h and dual
lever drivers 94.1 km/h) and for No ACC driving 96.3 km/h (single lever
drivers 95.0 km/h and dual lever drivers 97.6 km/h). There were no main
or interaction effects (5%). The variation in speed (Figure 5) was for the
ACC condition 3.3 km/h (equal for both groups) and for No ACC driving
4.7 km/h (single lever drivers 5.3 km/h and dual lever drivers 4.1 km/h).
The difference between ACC and No ACC was signi cant (F(1,36) =
6.59, p= .0145).
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Figure 5 Variation in speed with and without ACC available

Manual speed keeping imposes a constant load on the driver. Variation in
speed (km/h) during free ow driving was analysed to detect possible
degradation in manual speed keeping compared to ACC driving. The
difference increased with distance driven (Figure 6)
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Figure 6 Difference in speed variation (km) between No ACC andACC
condition

 
 

Mean (n = 4) reaction time for red squares were Calculated for all
subjects. The mean reaction time for the ACC condition was 1.32 s (1.41
5 for single lever drivers and 1.23 s for dual lever drivers) and 1.43 5 for
the No ACC condition (1.50 s for single lever drivers and 1.37 s for dual
lever drivers). There were no interaction or main effects (5%).
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Car following situations were analysed with respect to headway.
Headway was de ned as the time distance between the front end of the
subject s car to the rear end of the vehicle in front divided with the
current speed of the subject s car. The mean headway was longer while
driving without ACC 3.3 5 (single lever drivers 3.2 s and dual lever
drivers 3.4 3) compared to ACC driving condition 2.6 s (same for both
groups). The main effect from ACC was signi cant (F(1,36) = 8.82, p =
0053) but there was no main effect of hand control nor any interaction
effects. Headway variation was reduced when the ACC system was
available 1.0 compared to 1.4 s. Also this main effect was signi cant
(F(1,36) = 15.68, p = .003). The shortest (min) headway was considered
to be critical for the car following situations. The number of short
headway deceased while driving with the ACC ( gure 7). Without ACC
50% were equal or below 1 s and with ACC this was reduced to 20%.
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Figure 7 Distribution ofmin headway during 14 carfollowing situations

NASA - RTLX was used to assess workload. Each subject rated the six
workload factors; mental demand, physical demand, time pressure,
performance, e ort, and frustration level on separate continuous scales
ranging from very low (0) to very high (100). The total driving task was
rated as more loading with No ACC than with ACC (Figure 8). Two-way
ANOVAs revealed signi cant main effects of ACC mode for four
factors: physical demand (F(1,36) = 10.13; p = 0030), time pressure
(F(1,36) = 6.13; p = 0181), performance (F(1,36) = 4.12; p = 0497), and
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effort (F(1,36) = 4.67; p = .0373). No main effects of hand control or
interaction effects were found.

The subjects were asked to rate how well they could control speed level
and how much effort they had to assign to control it. The same types of
questions were asked for the distance control to a vehicle ahead. Scales
with seven steps were used ( 1 = very bad / no effort and 7 = very
well / very high effort). Both groups rated the control to be higher and
effort to be lower for the ACC condition: speed keeping (ACC mean =
6.2, No ACC mean = 4.0), speed keeping effort (ACC mean = 1.6, No
ACC mean = 3.6), distance keeping (ACC mean = 5.8, No ACC mean =
4.6), distance keeping effort (ACC mean = 1.7, No ACC mean = 3.0). All
differences were signi cant (p < 0.015) but there were no main effects of
type of hand control and no interaction effects ( gure 9).
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Figure 8 Mean workload ratings for both groups (n=20) with and
withoutACC.
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The subjects were also asked rate some aspects considered to be
important for ACC usage and acceptance. A seven point rating scale was
used. The results were General opinion of the ACC? (mean = 6.7 sd =
0.75), ACC contribution to comfort? (mean = 6.5 sd = 0.95), Learn to
use ACC? (mean = 6.7 sd = 0.59), Trusting ACC? (mean = 6.5 sd =
0.69), Wanting to have ACC? (mean = 6.9 sd = 0.45), ACC better
than own CC? (mean = 6.5 sd = 0.77). Even though the ACC was well
received the subjects pointed out that the ACC controls were not optimal
with respect to their needs and resources.
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Figure 9 Driver 's opinion ofspeed and distance control with and without
ACC

It was concluded that:

* ACC reduced workload and increased comfort for SCI drivers

* ACC support becomes more important over longer distances
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* ACC was rated to improve speed and distance control in car

following situations

* ACC system was well accepted, wanted and trusted

* ACC driving produced a shorter mean time headways compared to
manual driving

* ACC had no effects on speed level, variation in lateral position, or

reaction time.

* ACC driving did not influence workload, comfort, and driving
behaviour differently with respect to type of hand control used

8. WHY SHOULD WE CONSIDER DRIVERS WITH SPECIAL

NEEDS?

Even if the two experiments described here did not reveal any great
design aws it is obvious that the potential users with the least resources
will determine the overall usefulness of a system. Including drivers with
special needs will most likely enhance the market potential for new cars
and in-car support systems. This becomes even more pronounced when
we consider that the proportion of elderly drivers will steadily increase
during the forth coming decades. Driving simulators are certainly not the
only way to study and assess driver behaviour and it should not be
viewed as an alternative to eld trials and other tests but as a
complement. We need all of it. And we need both qualitative and
quantitative assessment methods. A driving simulator have some
important advantages like a completely controlled environment, a
possibility to study safety critical situations without any risk to the driver
and in a simulator it is fairly simple to test new systems at an early stage
of development. But the simulator has to put driver in such a situation
that feels like real driving. The experiments described did not really
include any safety critical situations. And safety is of course a crucial
aspect of adapted cars but there are also other aspects that need to be
considered like: Can the driver use the converted controls?, Does the

controls function the way the user believes and expects? Does the driver
get adequate feedback. Is it comfortable to use? What happens when
there is a malfunction in the system? What happens when the car is
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crashed? There are many questions that needs to be answered before the
car is adapted to the needs and resources of drivers with special needs.
We certainly need to further develop the assessment methods for drivers
with special needs. Assessing drivers with special needs will serve at
least two purposes: 1. A way to provide better car adaptations and 2. A
possibility understand what resources are needed to drive a car.
Preferably cars should be designed in a way that the needs for adapting it
should be minimal. Designing a car that suits all that can drive is
probably not feasible but if we try to eliminate the most serious obstacles
and not introduce more we will probably get better cars for all. A design
tmr l
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