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In the coming decades, the number of older drivers that experiences difficulties in traffic as a result of functional limitations will
strongly increase. Advanced Driver Assistance Systems (ADAS) could resolve some of these difficulties, by providing personal assis-
tance in a road environment that does not always allow for the possibilities and limitations of the older road user. As a result, ADAS
would extend the older adult’s safe mobility as a driver.

The aim of this paper is to identify the driver tasks for which assistance is most desirable from a road safety perspective. It is
assumed that the most promising ADAS in this respect are those that support the relative weaknesses of the older driver. ADAS
should not take over the tasks the older driver is actually quite good at. To identify the strengths and weaknesses of the older driver,
a literature review is conducted. Various theoretical perspectives are examined, among wich the human factors approach, cognitive
psychology, and game theory. This results in a list of the relative weaknesses of the older driver. To further specify the kinds of support
most needed, we look at the relation between the weaknesses identified, the problems that older drivers encounter in traffic as a result

of these weaknesses, and the resulting number of crashes. This amounts to a shortlist of desired types of support.

Next, based on the available literature, relevant ADAS are discussed in terms of their availability, their effects on safety and the
willingness of older drivers to use and buy them. One of the conclusions is that only very few of the types of support that are thought
to be most beneficial to the safety of older drivers are provided by the ADAS that are currently available.
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1. INTRODUCTION

In many countries all over the world, the number of
older people has increased during the last decades and
will continue to do so. In the Netherlands, for example,
the share of people of the age of 65 and older has gradu-
ally increased from 11.5 % in 1980 up till 13.8 % in 2004.
According to a prognosis of Statistics Netherlands (CBS),
the share of the 65 year olds and older will increase more
rapidly after 2010 and reach 23.6% in 2040'. In absolute
numbers this will amount to more than 4 million people
of the age of 65 and above. A substantial part will be
much older than 65. At this moment in time there are ap-
proximately 1 million people older than 75. CBS expects
that this number will have grown to 1.3 million in 2020,
and in 2050 will have reached its maximum of 2.1 mil-
lion. The percentage of people having difficulties in traf-
fic due to functional limitations is clearly larger among
the old-old than among the young-old road users. This
not only applies to older pedestrians and cyclists, but also
to older drivers. Because the group of older persons is
getting increasingly larger, it is important for road safety
policy makers to pay more attention to the possibilities
and limitations of this group of road users2.
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The road safety of older road users is to a large ex-
tent determined by two factors: functional limitations and
physical vulnerability. Both factors contribute to the rela-
tively high death rate among older road users as a result
of crashes. Taking the distances travelled into account,
this rate is about six times higher for the 75 year olds and
older than for the average for all ages. That of the 65-74
year olds is much lower than that of the 75 year olds and
older?. According to some researchers, there is a third
reason for a high death rate: a low annual mileage. These
researchers argue that if risk groups were not only deter-
mined based on age but also on annual mileage, the crash
rate of older drivers would not be higher than that of
younger drivers*.

The most important cause of the high death rate
among the 75 year olds and older is their greater physical
vulnerability. If they are involved in a crash, their chance
of dying as a result of that crash is higher than it is for
younger drivers. In addition, functional limitations can
lead to the older adults being involved in certain types of
crashes more often. The crash type that is characteristic
for older adults occurs while turning left at an intersec-
tion>10,

Taking into account the abovementioned causes of
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the high death rate among older drivers, a set of measures
that is aimed at reducing the death rate of older adults
should at least include measures that are aimed at reduc-
ing injury severity. But measures that can reduce the
crash involvement of older adults also contribute to a re-
duction of their death rate. Examples of such measures
are: providing education and information for older adults
as well as for younger road users, infrastructural adapta-
tions, and driver assistance systems!!-12,

This paper will focus on the latter type of measures.
Its aim is to identify those ADAS that have the most po-
tential to reduce the crash involvement of older drivers
and as a result of that could improve their road safety (see
for example Wegman & Aarts'3). The question of which
ADAS are able to improve road safety is usually an-
swered by looking at the available ADAS and their ef-
fects on driver behaviour. In this paper the question will
be answered by looking at the needs of the driver, more
specifically the needs of the older driver. It is assumed
that ADAS will be most capable of reducing the crash
involvement of older drivers if they support the relative
weaknesses of the driver. Therefore, this paper starts with
a study of the strengths and weaknesses of older drivers.
These strengths and weaknesses will be deduced from
the literature that originates from several theoretical per-
spectives on human functioning: Fuller’s task-capability
interface model, the human factors approach, cognitive
psychology, and game theory. The result is a list of the
relative weaknesses of the older driver and the difficulties
that older drivers encounter in traffic as a result of these
weaknesses.

To be able to rate the relevance of the weaknesses
to road safety, the weaknesses are then compared with
crash data. Those weaknesses that have a substantial in-
fluence on road safety, as indicated by the percentage of
crashes that could have been avoided if the weakness
would not have existed (or would have been compensated
for by, for example, ADAS), are considered to indicate a
need for support. The result is a shortlist of desired types
of support.

On the basis of this list, we then select ADAS that
seem to provide one or more of these kinds of support.
These ADAS are described based on the available litera-
ture and — as far as possible — judged on their pros and
cons. Finally, regardless of the type of ADAS, we discuss
the preconditions ADAS should fulfil to actually be used
by older drivers, to actually have positive effects on road
safety, and to prevent them from having negative effects
on road safety.

2. THEORETICAL FRAMEWORK

The theoretical framework that is used in this paper
to identify the relative weaknesses of the older driver, in-
cludes the human factors approach, cognitive psycholog-
ical models, game theory and Fuller’s task-capability
interface model'+¢. In the next sections, the main empha-
sis of each of these theories will be described, together
with their “opinions” about the strengths and weaknesses
of the older driver. While reading these sections, it should
be kept in mind that these models are used as a source of
information as to what humans are relatively good and
bad at (relatively bad can be interpreted as “worse than
average”, or “a higher chance of being one of the causes of
crash occurrence”). These models will not be used to test
a hypothesis about some relationship. The reason for
choosing these models and not other ones, or not just one
theory, is that these theories and models are considered to
be relevant for describing traffic behaviour and, more im-
portantly, because they are complementary. The latter
will be shown in the next section, while describing Full-
er’s model.

2.1 Fuller’s task-capability interface model

The task-capability interface model of Fuller is a
model that brings together the capabilities of the road
user and the demands of the road environment!4!¢, The
factors that determine the capabilities of the road user are
depicted at the upper left of Figure 1, whereas the factors
that determine the task demands of the road environment
are depicted on the bottom right.

One of the interesting aspects of Fuller’s model is
the concept of task difficulty. This concept is the result of
a comparison of capabilities and task demands. If the ca-
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pabilities of the road user are higher than the task de-
mands, the task will be easy and the driver will be in
command of the situation. However, if the task demands
are higher than the capabilities, the task will be difficult
and the situation might end in a crash. Fortunately, the
driver has several opportunities to intervene. By lowering
his driving speed, changing his road position or trajecto-
ry, or by communicating with other drivers. Thus crashes
are not inevitable. Especially since the other road users
can also take compensatory actions. Finally, the chance
that crashes will occur can also be reduced by lowering
the task demand through infrastructural adjustments and/
or vehicle adjustments. An example of the latter is the use
of ADAS that support the driver.

According to Fuller’s task-capability interface
model, the strength of humans is implied in their compe-
tences and momentary capabilities, and in the way they
cope with discrepancies between their momentary capa-
bilities and task demands. The better a driver copes with
the latter discrepancies (by communicating with other
road users, adjusting his position on the road and/or his
speed), the more he is in control of his weaknesses. These
weaknesses are the result of his mental and physical con-
dition, and of variable human factors such as fatigue,
emotions, alcohol and other drugs, stress, distraction and
motivation.

When people age, their mental and physical condi-
tion generally declines. This can be regarded as an extra
weakness of the older adult. On the other hand, older
drivers usually have a great deal of driving experience.
This experience enables them to anticipate the situations
they will encounter. Knowing beforehand what will hap-
pen will give them extra time to think and act, thereby
(partly) compensating for possible mental and/or physi-
cal degeneration. It should be mentioned, however, that
driving experience might get outdated. If so, it will not
give accurate information on how to act in a certain situ-
ation anymore.

Another difference between the older adult and the
average, somewhat younger driver, is that the older driver
is better able to arm himself against the human factors
that might influence his momentary capabilities. A first
argument in favour of this is that older adults usually
have a lower need for sensation seeking!’. As a result,
they will be less prone to manoeuvre themselves into
risky (traffic) situations. Several studies have shown that
older drivers indeed drive less often under the influence
of alcohol than younger drivers do and that older drivers
more often comply with traffic rules!'®!s. Furthermore,
older adults might profit from the fact that they have more
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difficulties sharing their attention between various tasks.
Having more difficulties sharing attention, they will be
less inclined to combine driving with other not driving
related activities such as worrying about problems at
work, listening to or operating a radio or CD player and
having a (telephone) conversation?1°.

One can conclude from Fuller’s task-capability in-
terface model that ADAS should lower the task demands
of driving to compensate for the reduced momentary ca-
pabilities of the ageing driver. This reduction of the mo-
mentary capabilities of the older driver is primarily the
result of his mental and physical condition.

The other theoretical perspectives that are included
in our theoretical framework, each focus on a different
part of Figure 1. The human factors approach shows what
the boundaries of human performance (i.e. their capabili-
ties) are, and how designers (of infrastructure, vehicles,
and ADAS) should take these boundaries into account.
Cognitive psychology focuses on how people deal with
differences between capabilities and task demands: “how
can we make life easier?”. Game theory, as our fourth
theoretical perspective, focuses on how we anticipate the
actions of others (communication).

2.2 Human factors approach

The human factors approach looks at the boundar-
ies of human information acquisition and processing.
Some of the aspects of information processing that de-
cline as people age are vision and perception, hearing,
selective and divided attention, speed of information pro-
cessing, muscle strength, and manual dexterity.

Visual functions that decrease as people age are vi-
sual acuity, peripheral vision, visual acuity in poor light
and darkness adaptation, contrast sensitivity, detection of
movement, and colour vision2-23. It is evident that good
vision is very important for safe driving. Motion percep-
tion, for example, is important for being able to detect
vehicles driving on a crossing road and to estimate their
speed, but it is also needed for being able to detect chang-
es in the speed of vehicles straight ahead, i.e. stopping,
slowing down, speeding up, and reversing?*2. For car
drivers, hearing is perhaps not as critical a sense as vi-
sion, but it is potentially an important component of safe
driving. As drivers age, they become less able to hear the
higher frequencies which provide directional cues, and
spatial sensitivity to sound is impaired as a result''-24. At
the same time, it becomes more difficult for the older
driver to filter out unwanted noises''.

The above-mentioned age-related declines in sen-
sory abilities have an impact on the input the driver re-
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ceives from other road users and the infrastructure, but
also from ADAS. Perceptual and cognitive processes are
needed to select the appropriate information, interpret it,
and make decisions which must then be translated into an
appropriate driving action. Some of these processes de-
cline as people grow older, including the ability to main-
tain vigilance, selective and divided attention, short-term
memory, and information-processing speed!!25-27,

Physical abilities that decline as people get older
are reduced joint flexibility, reduced muscular strength,
and reduced manual dexterity. These age-related changes
can influence the ability to get in and out of a car, operate
the vehicle, and can influence injury and recovery?. A
reduction in manual dexterity can also interfere with pro-
gramming ADAS that require coordinated finger move-
ments?8.

It should be kept in mind, however, that the age at
which the above-mentioned declines start as well as the
rate at which these declines continue differ from person
to person. Besides that, it is good to remember that com-
pensation is often possible (for example by not driving at
night). Nevertheless, the human factors approach tells us
that ADAS could meet a need if it helps the older driver
to observe his environment, of course under the precon-
dition that the ADAS itself (or its human machine inter-
face) takes the older driver’s declined sensory abilities
into account.

2.3 Cognitive psychological models

Cognitive psychology offers us several clues as to
how the boundaries of human information processing can
be compensated for. Not only by the driver himself, but
also by road authorities.

Examples of compensatory action that the driver
can take, are travelling at particular times, following a
particular route, and/or driving at a lower speed. These
examples all originate from the hierarchical structure of
the driving task. Michon? distinguished three task levels:
the strategic level, the tactical (or manoeuvring) level and
the operational (or control) level. Time pressure is the
highest on the operational level (e.g. steering, braking).
By making certain choices on the other, higher levels, the
driver can lower time pressure. Strategic choices such as
a particular route or time (e.g. not driving during peak
hours), or tactical choices such as driving at a particular
speed or maintaining a particular headway, give the driv-
er more time to act on the operational level.

Another thing that cognitive psychology tells us is
that driving experience (and other kinds of experiences)
results in mental models that help the driver in choosing

the action that is appropriate for the situation he is in.
Elements of the traffic situation trigger the appropriate
action without the driver having to take into consider-
ation every possible action (see for example Wickens &
Hollands*). Designers should be aware of these mental
models and the way they are triggered. If a (new) situa-
tion looks similar to a well-known situation but in fact is
completely different and also requires different actions,
mental models will work counterproductive. Especially
for older drivers, since they need more time to recall
planned actions?'. To give a simple example, if the colour
red always means that something is forbidden, don’t use
red arrows to indicate the right direction to leave the car
park. These mental models should also be taken into ac-
count by designers of ADAS and their human machine
interface.

2.4 Game theory

Game theory is about decision making and antici-
pating the likely reaction of the other ones involved2. A
famous example that originates from this theory is the
so-called prisoner’s dilemma in which suspects of a crime
have to decide whether they should talk or remain silent
about the other’s contribution to the crime committed.

A traffic-related application of game theory con-
cerns giving right-of-way (yielding) and the expectations
that one has of what the other road user will do. When
approaching a major road, one will look around to see
which other road users will arrive at the intersection at
the same time, how they behave, in what way they pose a
threat (mass and speed of their vehicle), and who has pri-
ority. Based on this information the driver will work out
who will be the first one to cross the intersection, who
will be next, and when it will be his turn. For a safe trans-
action it is important that every road user can see all the
other road users and that everyone knows what is expect-
ed of him. These preconditions will not always be satis-
fied. Especially not if the visual functions of the driver
decline. Besides that, people will not always be able to
objectively decide on the right (and safe) order in which
road users may pass the intersection. Their decision may
be influenced by the hurry they are in, or by their state of
mind at the time they arrive at the intersection. So from a
game theoretical perspective one could say that people
are relatively bad at perceiving all the relevant informa-
tion that is needed to make the right decision, and rela-
tively bad at taking decisions objectively.

ADAS could provide support by giving timely in-
formation on who is arriving at the intersection and what
is about to happen (including the priority regulation). It
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can also help in making the right decision based on the
available information. But we should be reluctant to let
ADAS take over control. One important precondition for
safe interventions by ADAS from a game theoretical per-
spective, is that cars with ADAS will have to behave the
same way as they would have done if they were operated
by humans. This means that they should not only take
into account what their own “boss’ does, but also antici-
pate actions of others. Otherwise, their behaviour might
come across as behaviour of an alien or at least as antiso-
cial behaviour to drivers not having the ADAS, with all
its consequences such as crashes and frustrated road us-
ers that take their frustration out on others.

3. DRIVER NEEDS

The theoretical framework provided us with infor-
mation about the relative weaknesses of the older adult.
Note that not every weakness of the driver has negative
road safety consequences. After all, many weaknesses
can be compensated for. Take for example restricted pe-
ripheral vision; that can be compensated for by increased
movements of head and neck. Only when a combination
of several weaknesses makes it impossible to take com-
pensatory action or to act in the available time period,
driving problems will arise. Depending on the circum-
stances (remember the compensatory action that fellow
road users can take) these problems might in the end re-
sult in a crash.

We could state that the relative weaknesses of the
older driver create an objective need for the development
of ADAS that offer driver support on these specific areas.
This objective need for support can be formulated more
precisely by indicating the driving-related difficulties
that arise as a result of these weaknesses. By quantifying
these difficulties based on how often these problems re-
sult in crashes, we also have a standard that can be used
to rank the need for different kinds of support.

Table 1 shows the results of such an exercise. In
horizontal direction, the table successively shows the
weaknesses of the older adult, the difficulties he is faced
with as a result of these weaknesses (accompanied by the
extent to which these problems contribute to the total
number of crashes), and the type of support that could
prevent such driving-related difficulties. Knowledge of
the weaknesses of the older driver is not only of use for
the identification of their need for support, but also for
the design of supportive systems: how to provide support.
The weaknesses that should be taken into account when

1 0 ® JATSS RESEARCH Vol.30 No.1, 2006

designing the human machine interface for ADAS are in-

dicated by “(HMI)” in the right-hand column. In vertical

direction, the table reflects the stages of information pro-
cessing.

The relevance of the driving-related difficulties
(middle column) to road safety is derived from Malaterre
and Fontaine®. They have investigated the relation be-
tween crash types and the need for information and as-
sistance using in-depth crash data. The percentage of
crashes that could be avoided by providing the driver
with information that is relevant to a certain driving prob-
lem was used as an indicator of the relevance of that driv-
ing problem to road safety. In Table 1 this relevance is
expressed in terms of plus signs; the more plus signs, the
more relevant it is to road safety (see the Appendix for
the data of Malaterre & Fontaine?).

Using the percentages of Malaterre and Fontaine??
has the disadvantage of them being based on the total
number of crashes and therefore on the “average” road
user. Several studies have indicated that older adults are
more often involved in crashes while turning left and
while merging™'°. In this respect, the percentages of Ma-
laterre and Fontaine®? underestimate the relevance to road
safety of some of the driving-related difficulties of older
adults. In Table 1 this is corrected for by giving the rele-
vant difficulties an extra plus sign (and the code OD).

Based on Table 1, we can conclude that the most
important need for support, from a road safety perspec-
tive, stems from the following driving-related difficulties
(printed in bold in Table 1) and weaknesses that cause
them (relevant to 5% or more of the total number of
crashes of older drivers):

a) difficulty judging whether fellow road users are mov-
ing and at what speed they approach the intersection
(motion perception);

b) overlooking other road users while merging and
changing lanes (peripheral vision and flexibility of
head and neck);

c) overlooking traffic signs and signals (selective atten-
tion);

d) reaction time increases as the complexity of the traf-
fic situation increases (speed of processing informa-
tion and decision making, performance under
pressure of time).

The right-hand column of Table 1 describes the
kind of assistance that is needed. These descriptions are
simply derived from the driving-related difficulties. Only
the type of assistance is mentioned, not the way in which
the assistance could be provided or which existing de-
vices already provide for it. Based on the above-men-
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Table 1 Weaknesses of older adults, driving-related difficulties and assistance needed, prioritizedby their
relevance to road safety

WEAKNESSES

DRIVING RELATED DIFFICULTIES AND
THEIR RELEVANCE TO ROAD SAFETY

ASSISTANCE NEEDED

Vision and hearing

Peripheral vision

Overlooking other road users while merging or
changing lanes (7: ++ OD)'

Signalling objects that are located in the
driver’s blind spot

Nighttime visual acuity

Difficulty seeing pedestrians and other objects at
night and reading signs (x)

Artificially lighting objects (other road users
and road design elements)

Sensitivity to glare

Temporary loss of visual information (x)

Prevent glare
(HMI)

Contrast sensitivity

Difficulty reading signs and in-car displays and difficulty with
depth perception and estimating the speed of other road
users (11: + OD)

(HMI)
Draw attention to approaching traffic

Colour vision

Difficulty discriminating between similar colours; relevant to
reading signs and in-vehicle displays (x)

(HMI)

Motion perception

Difficulty judging the movement of fellow road users
and their approach speed (6: +++)

Draw attention to approaching traffic

Hearing

Difficulty locating the direction of sounds and ignoring noise (x)

(HMI)

Cognitive processing and decision making

Divided attention

Driving task performance gets worse when other tasks
have to be performed simultaneously; see also 'speed of
information processing and decision making' (x)

(HMI)

Selective attention

Overlooking traffic signs and signals (3: ++)

Assist the driver in directing his attention
to relevant information

Speed of processing information
and making decisions

Reaction time increases as the complexity of the traffic
situation increases (3: ++)

Provide prior knowledge on the next traffic
situation

Performing tasks consciously

Difficulty driving in an unfamiliar environment (x)

Provide prior knowledge on the next traffic
situation

Physical changes

Flexibility of head and neck

Overlooking fellow road users when merging or
changing lanes (7: ++ OD)

Signalling objects that are located in the
driver’s blind spot

Manual dexterity and strength

Difficulty programming on instrument panels (x)

(HMI)

Interaction with other road users

Performance under pressure of

Suboptimal decisions (3: ++)

Provide prior knowledge on the next traffic

time situation
Insight in the behaviour of other . e . ) R Draw attention to approaching traffic and its
road users Difficulty predicting the intentions of other road users (14: +) behaviour

'The text between the brackets refers to the data in the Appendix. The numbers correspond to the numbers preceding the needs for information and/
or assistance in theAppendix (first column). The plus signs, “0” and “x” refer to the percentage of the total number of crashes that could be avoided if
the need would be met: >10%=+++; 5-10%=++; 2,5-5%=+; < 2,5% = 0; x=no data available (second column of the Appendix). ‘OD’ (Older Driver)
means that one plus sign is added to account for the underestimation of the number of crashes involving older drivers (third column of the Appen-
dix). The most important needs for support are printed in bold. See text for further explanation.

tioned driving-related difficulties, the assistive devices

most needed will:

4. SUPPORT SYSTEMS THAT HAVE THE

POTENTIAL TO IMPROVE ROAD SAFETY FOR

a) draw attention to approaching traffic;
b) signal road users located in the driver’s blind spot;

c) assist the driver in directing his attention to relevant

information; and/or

d) provide prior knowledge on the next traffic situa-

tion.

In the next section, systems are described that al-
ready seem to provide these kinds of support, or will do

so in the near future.

OLDER DRIVERS

Several studies have mentioned ADAS that might

be able to provide tailored assistance for older drivers3+3¢.

ADAS that according to Mitchell and Suen® might be

able to provide assistance for the difficulties resulting

from limitations in motion perception, peripheral vision,
selective attention and decreased speed of processing in-

formation and decision making are summarized in Table
2. In the next paragraphs, each of these systems will be
described based on what they do, what their pros and
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Table 2 Desired functionalities and ADAS that seem to
offer them (adapted from Mitchell and Suen®*)

ADAS

- collision warning systems aimed at
intersections
- automated lane changing and merging

Functionality

Draw attention to
approaching traffic

systems
Signal road users - automated lane changing and merging
located in the driver’s systems

blind spot

Assist the driver in
directing his attention to
relevant information

- blind spot and obstacle detection systems
- in-vehicle signing systems
- special intelligent cruise control

Provide prior knowledge
on the next traffic
situation

- systems that give information on the
characteristics of complex intersections
the driver is about to cross

cons are, whether they are already on the market, and
whether they have been tested by older drivers and if so
what the results of these tests were.

4.1 Collision warning systems

Collision avoidance systems that would be most
useful for older drivers will draw the attention of the
driver to traffic that approaches the same intersection.
Such a collision warning system fits the most important
driving difficulty of older drivers: turning left on an inter-
section. However, intersections also represent the most
complex situation to analyse for collision detection, since
vehicles can approach from ahead or either side, and can
continue straight through the intersection or turn3*. Con-
sequently, Mitchell and Suen3* expected equipment to
protect against collisions on intersections to take the lon-
gest time to develop. By now, the Japanese Ministry of
Land, Infrastructure and Transport has tested a prototype
of a system that seems to offer the desired functional-
ities. The system that was tested is the so-called “Smart
Cruise System” (also known as the Advanced Cruise-As-
sist Highway System AHS), a system that offers seven
support services, among which a support system for pre-
vention of crossing collisions and a support system for
prevention of right turn collisions (in Japan they drive on
the left side of the road). All services were tested sepa-
rately on a proving ground, amongst others paying atten-
tion to safety effects and the convenience for users’. The
effectiveness of the two above-mentioned services that
would be particularly useful for older drivers was veri-
fied by means of a questionnaire. The support for preven-
tion of crossing collisions was found useful by 73% of
the users, and the support for prevention of right turn col-
lisions was found useful by 88% of the users?. New tests
in 2002, that were aimed at examining the technical fea-
sibility of real-world implementation of the AHS subsys-
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tems for support at intersections, showed that problems
occurred in the detection of vehicles and in the road-to-
vehicle communication. Future research will therefore
focus on the reallocation of functions to the infrastructure
and the vehicle®.

Another collision warning system that is aimed at
the prevention of crashes on intersections, was developed
for the DRIVE-II-project EDDIT (Elderly and Disabled
Drivers Information Telematics). This system was simu-
lated and tested in a driving simulator. It provided the
driver with a colour light indication of whether the next
gap in the stream of traffic was long enough to allow a
safe turning manoeuvre to be made. If the gap was at or
longer than a selected threshold of 6 seconds, a green light
indicated that it was safe to make a turn, otherwise the
light changed to red. It remained red until the on-coming
vehicle passed the test car, whereupon the device mea-
sured the gap to the next vehicle in the on-coming traffic
stream. The collision warning system was only active
when the test car was stationary and waiting to turn#.

The safety effects of the simulated system were de-
duced from the time to collision. The test results showed
that the time to collision was smaller when subjects were
using the system than when they were not. So the system
resulted in more near misses. Apparently the system
sometimes advised older drivers to accept a gap that is
shorter than they would choose. The time needed to make
the turn could play a part here; some drivers made their
turning manoeuvre relatively slowly. Based on these re-
sults, Oxley*' recommends that a collision warning sys-
tem should have the gap adjustable to match individual
driver requirements (e.g. reaction times): uniform settings
would be at best unhelpful, at worst dangerous.

All the older adult subjects said that the system was
useful or very useful at night. By day, 63% of the older
drivers found it useful or very useful. About half of the
older drivers would be willing to pay for the system*.

4.2 Automated lane changing and merging

Equipment for automated lane changing and merg-
ing will assist the driver in selecting a gap and also take
care of the actual changing or merging. These systems go
further than just informing or warning the driver: they
take over vehicle control for a short period of time. Such
kind of support is currently not available. Mitchell and
Suen?* expect these systems only to be available between
2010 and 2030.

A simplified form of assistance for lane changing
and merging is being offered by collision warning systems.
Regan, Oxley, Godley, and Tingvall* discuss lane-change
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collision warning (LCCW) systems and lane-change col-
lision and avoidance (LCCWA) systems. As their names
already suggest, the first system only alerts the driver to
objects in the vehicle’s blind zones, whereas the second
system also automatically steers away from the object. In
this respect, the latter comes closer to automated lane
changing and merging systems. According to Regan et
al.®2, only LCCW systems are currently available on the
market.

Evaluation studies of the use of LCCW systems by
older adults are not available yet. In general, LCCW sys-
tems have several disadvantages, such as high false alarm
rates and the close lateral proximity of vehicles that
makes it hard for a driver to safely steer away from an
object after being warned by the system*.

4.3 Blind spot and obstacle detection

The LCCW systems that were described in the pre-
vious section alert the driver for vehicles located in the
blind spots of their own vehicle while driving at high
speeds. A type of system that provides a similar kind of
support, detects objects close to a slow-moving vehicle.
These systems can prevent the kind of crashes that can
occur while parking. In comparison to the other crash
types this type of crash has less relevance for road safety,
both in terms of occurrence and crash severity. However,
older adults may be inhibited from driving because of
these crashes or from travelling to some destinations be-
cause of the problems they experience while parking. In
the EDDIT-project that was mentioned earlier, two types
of reversing aids were tested. Both reversing aids enabled
the drivers to park much closer to objects and therefore to
park more easily in small parking spaces. The older driv-
ers’ responses to both reversing aids were very positive.
The majority found them useful and easy to use. The ma-
jority of the drivers was also willing to pay for the sys-
tems. The price they were willing to pay matched the
market price of the systems. Some improvements of the
systems that the drivers would like were: detection of ob-
jects next to the car (in addition to objects behind the
car), and a (louder) warning sound that accompanies the
light signal4041.

4.4 In-vehicle signing systems

The projection of road signs in the vehicle uses the
technology of transmitting the content of a road sign from
the roadside to a vehicle and of displaying a replica of the
sign, either on a screen in the dashboard or via a head up
display. That way, the driver’s attention will be drawn to
the (most important) available signs, the signs can be

read more easily, and they will be available for a longer
period of time. According to Mitchell and Suen, a draw-
back of these systems is that widespread application will
require national or international standards for the trans-
mission of roadside information, and considerable invest-
ment in road side transmitters. In addition, Lee* points at
the tendency of In-vehicle Signing Information Systems
(ISIS) to focus the driver’s attention to in-vehicle dis-
plays and away from the roadway. According to Lee, the
ease of processing ISIS information may compensate for
this shift in attention, particularly since ISIS displays will
not be subject to environmental factors (rain, snow, and
fog) that can obscure roadway signs. However, a greater
proportion of the driver’s attention will now be in-vehi-
cle, potentially leaving insufficient attention for environ-
mental scanning*. Due to the functional limitations of
the older driver, especially their increased difficulty to
divide attention between the basic driving task and other
activities, ISIS could have more adverse effects on the
older adult’s driving behaviour. The location of the in-
vehicle display and the way the information is provided
are important factors as to whether the safety effects of
the in-vehicle signs and warnings will be positive or neg-
ative®47,

4.5 Intelligent cruise control

Systems that offer intelligent cruise control (ICC)
(also known as Adaptive Cruise Control (ACC)) not only
see to it that the vehicle maintains the same speed, but
also incorporate a distance keeping function. Depending
on the type of ICC the system will alert the driver or take
over the control of the brakes and the accelerator*. Mitch-
ell and Suen* describe a type of ICC that would also re-
duce speed in response to signals from the road
environment. Examples of such signals would be the lo-
cal speed limit, yield signs, a red traffic light, or a railway
crossing. Systems that adapt the speed of the car in re-
sponse to the local speed limit belong to the category of
Intelligent Speed Adaptation (ISA). These systems do
not specifically fit the needs of the older driver. But a
system that anticipates the presence of yield signs, stop
signs, or traffic lights by reducing speed could contribute
to the prevention of a frequently made error at crashes
with older drivers: not yielding. The reduced driving
speed offers the driver more time to assess the traffic situ-
ation and to act accordingly. These systems can be con-
sidered as a special type of ICC. Examples of such
systems have been developed as part of the research ini-
tiative INVENT and will be tested in the PREVENT
Project INTERSAFE.
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4.6 Driver information systems

Entenmann and Kiiting*® have described a system
that gives the driver information on the characteristics of
complex intersections that he is about to cross. This driv-
er information system is a navigation system not only
giving route descriptions, but also providing timely infor-
mation on the crucial elements of the next traffic situa-
tion. By giving the driver very early and sequential
information, the driver will be able to build up a mental
picture of what to expect, at a moment at which his task
load is still low. This mental picture will give him the
possibility to direct his attention to the most important
traffic elements. Given their functional limitations as de-
scribed in the section on the human factors approach, a
support system that provides this kind of information
could be especially useful for older drivers. In fact, the
driver information system was actually designed for this
group of drivers.

The system proposed by Entenmann and Kiiting*’
was only supposed to provide information when the driv-
er arrives at more complex intersections. The complexity
of the intersection should be derived from the number of
traffic lanes, the number of traffic signs and signals and
the yearly number of crashes on that intersection. The
information that is provided by the driver information
system should be restricted to an indication of the com-
plexity of the intersection, the number of traffic lanes and
the traffic objects that deserve attention (e.g. a pedestrian
crossing). Since digital maps currently do not contain
this kind of information, Entenmann, Hummelsheim, Sa-
bel, Bendafi, Williams, Loewenau, Marquet, and Lilli*®
carried out a pilot-study to explore the possibilities of add-
ing the above-mentioned information to digital maps. This
pilot-study was carried out in the framework of the Next-
MAP project, a partnership of map providers and car man-
ufacturers. It turned out that it was technically feasible to
collect and digitise the information that was needed.

As part of the same pilot-study, Entenmann et al.*¢
also carried out a field test to investigate the user accep-
tance of this kind of driver information system and its
effects on driving behaviour. The device that was actually
used in this test, supported the driver in adjusting the ve-
hicle speed to the speed limit, in selecting the appropriate
lane, and in negotiating intersections. The published test
results state that “the information about lanes, speed lim-
its and priority regulations was very beneficial for the
driver in demanding urban traffic situations and was very
well accepted. The additional information eases the driv-
ing task significantly and increases driving safety com-
pared to a standard navigation system”.
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5. PRECONDITIONS FOR SAFE USE

Knowing which types of ADAS have the most po-
tential to improve the safety of older drivers is not enough
to actually improve their safety. The systems will have to
be accepted by the user, they will have to be bought, used
and trusted, the driver has to be able to understand the
information the ADAS is sending to him (via a display or
sound), in case more than one ADAS is installed in a car
the systems should work together instead of fighting for
the attention of the driver and giving him conflicting in-
formation, and the support provided by the system(s)
should not have any negative safety consequences on
other elements of the driving task nor on the behaviour of
other drivers. All these preconditions will be dealt with in
the next paragraphs.

5.1 User acceptance

The results of the EDDIT-study showed that the
older drivers that participated in this study were to a large
extent willing to consider using and buying the devices
that were tested. Moreover, the amount of money they
were willing to pay was roughly the same as the market
price of the various devices. These findings are consistent
with the results of a survey on the purchase behaviour of
older adults when buying a car. The survey showed that
older adults in general buy smaller cars. However, the
cars they buy have more extras than the cars that younger
drivers buy. It turns out that older adults are willing to
pay for extras such as power steering and electric window
control under the condition that these extras meet an ex-
isting need*.

In a more recent Swedish study?®', similar results
were found. When asked about their attitudes towards 15
in-car information systems, older drivers (65 year olds
and older) had a more positive attitude towards the pre-
sented ADAS than younger drivers (30-45 year olds).
Systems that older adults more often rated as useful as
compared to younger drivers, were automatic speed ad-
justment systems (adjustment to the speed limit or to
slippery and foggy conditions), automatic distance ad-
justment systems, a system that warns the driver by a sig-
nal when it is unsafe to cross an intersection, and a system
that warns the driver when it is unsafe to turn left at an
intersection. Since the first two systems (partly) take over
vehicle control, it seems that older drivers are more will-
ing to accept enforcing systems.

De Waard, Van der Hulst, and Brookhuis3? arrived
at the same conclusion based on the results of their simu-
lator study on the behavioural effects of an in-car tutoring
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system. In this study, drivers received auditory and visual
clues when they were speeding, not coming to a stop be-
fore a stop sign, running a red light, or entering a one-
way street on the wrong side. Older adults (6075 year
olds) as well as the younger drivers (30—45 year olds) com-
mitted fewer offences when the system gave feedback
messages. But whereas the older adults were pleased with
the messages, the younger drivers disliked the system.
The above-mentioned research results on user ac-
ceptance indicate that it is likely that the ADAS that were
discussed in the previous sections will be accepted by
older drivers as a means to improve their safety. But
whether the introduction of one of those systems will ac-
tually result in a reduction of the number of crashes will
also be dependent on the design of that particular system.

5.2 Design principles for the human machine inter-

face

Older drivers are more susceptible to the conse-
quences of poorly defined ADAS than younger drivers
(Stamatiadis 1994; cited in Regan et al. #?). They gener-
ally need more time to carry out secondary tasks while
driving®. Hence it is critically important to bear in mind
the possibilities and limitations of older drivers while de-
signing the human machine interface for ADAS#!. There
are several reports available that describe the current
guidelines (see Green* for an overview). Caird, Chugh,
Wilcox, and Dewar5 have summarized these guidelines
and in addition to that included a section on older driver
guidelines. The latter design guidelines are summarized
in Table 3 along with the functional limitations of older
adults they take into account. The functional limitations
correspond to the limitations mentioned in Table 1 (HMI).
Some of the descriptions have been taken from Gardner-
Bonneau and Gosbee>®.

Whereas the guidelines in Table 3 all have been se-
lected based on the older adult’s functional limitations, it
should be kept in mind that designers should also take
advantage of the experience that older drivers have. This
can be accomplished by using familiar features that are
common to them, such as traffic-related icons or features
that are common to other products used by older adults>®.

5.3 ADAS that work together

So far, ADAS have been discussed in isolation;
while describing the working of the various systems as
well as while discussing their effects on driving behav-
iour. But the installation of several systems in one car
might introduce new problems. It might lead to several
displays in the car fighting for the attention of the driver.
Older drivers will suffer the most from that, since age
differences become more evident as tasks are becoming
more complex. This will result in longer reaction times
(see for example McDowd and Craik®’). Simultaneously
sent messages will increase the pressure on the driver
even further. In sum, the presence of several, indepen-
dently functioning systems increases the task load, lead-
ing to an effect in the opposite direction of what was the
objective of the implementation of the ADAS: lowering
the task load.

Some sort of coordination between the installed
ADAS might overcome these difficulties®®. And it can
also prevent systems to send conflicting instructions or,
even worse, to carry out conflicting actions. The coordi-
nation between systems can be implemented in different
ways. Heijer et al.? suggested that ADAS should be able
to support the driver in a set of problematic situations
instead of separate ADAS that each support the driver in
a different situation. Another way of implementing coor-
dination between ADAS uses mediation by a system that

Table 3 Functional limitations and relevant design principles based on Caird et al.*® and Gardner-Bonneau

and Gosbee®®)

Functional limitations Relevant design principles

General sensory deficits

Use redundant cues, like auditory, visual and tactile feedback

Visual acuity

Increase character size of textual labels

Colour vision

Use white colours on a black background

Diminished low-light vision

Use supplemental illumination for devices used in low-light conditions

Sensitivity to glare

Use matt finishes for control panels and antiglare coating on displays

Hearing

Use auditory signals in the range of 1500-2500 Hz range

Depth perception texture gradient

Where depth perception is important, provide non-physical cues, such as relative size, interposition, linear position and

Selective attention

Enhance the conspicuity of critical stimuli through changes of size, contrast, colour or motion

Perception-reaction time

Give the user sufficient time to respond to a request by the system and provide advanced warnings to provide the driver
with enough time to react to the on-coming traffic situation

Hand dexterity and strength

Use large diameter knobs, textured knob surfaces and controls with low resistance
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decides when which system is allowed to pass what kind
of information in what kind of way. Several examples of
mediators have been described in the literature®-63,

5.4 Side-effects: human-out-of-the-loop and behav-

ioural adaptation

The ultimate goal of ADAS — in the scope of this
paper — is to improve the safety of the driver. This not
only means that the supported (sub)task should be exe-
cuted more safely, it also means that the support given
should not have any negative safety consequences on the
other elements of the driving task. Possible side-effects
that are mentioned in the literature are “human-out-of-
the-loop”, disturbances in the construction of situation
awareness and behavioural adaptation (see for example
Hoc®).

5.4.1 Human-out-of-the-loop

The driving task can be seen as a continuous cycle
of observation, decision making and action. Each cycle,
the driver selects the information that he needs to per-
form his task, he evaluates the selected information using
his knowledge, experience, preferences and emotions,
and acts accordingly, thereby changing his environment.
Subsequently, these changes can be observed, which
closes the loop: there is a dynamic interaction between
man and his environment®. If a part of the driving task
is taken over by some ADAS (i.e. automated), man can
be put out of the loop. This can lead to various conse-
quences: loss of skills, reduced alertness and loss of situ-
ation awareness, and the transition from a driver who
carries out the work himself to a driver who supervises
the system. Unfortunately, humans are not as good at su-
pervising as they are at carrying out the actions them-
selves30:00.67,

The negative consequences of automation of the
driving task can be prevented by letting the ADAS sup-
port the driver instead of replacing him*. Whereas Ends-
ley and Kiris®” have shown that complete automation of a
task leads to a loss of situation awareness, Heijer et al.”
believe that the implementation of supportive ADAS
would improve the situation awareness of the driver, es-
pecially by improving the perception of the driver. Be-
sides that, the use of supportive systems will preserve the
skills of the driver, which is especially important in case
of system failure9-68.69,

5.4.2 Behavioural adaptation

A second factor that might have a negative effect on
the risk reduction that can be expected as a result of the
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introduction of a support system, is behavioural adapta-
tion. The phenomenon of behavioural adaptation implies
that people adapt their behaviour to some of the improve-
ments of a system by taking bigger chances (see Draguti-
novic, Brookhuis, Hagenzieker, and Marchau™ for an
overview of the behavioural adaptation effects in re-
sponse to Advanced Cruise Control). The term behav-
ioural adaptation originates from Evans” but the
phenomenon is also known under the terms risk compen-
sation and risk homeostase?.

A form of behavioural adaptation that could arise
among older adults, is the withdrawal of compensation
behaviour. This can be illustrated by the introduction of
vision enhancement systems. Older drivers generally
compensate for their impaired night-time visual acuity
and sensitivity to glare by avoiding to drive at night. As a
result, the number of crashes involving older drivers at
night is relatively low®?. When the large-scale introduc-
tion of night vision enhancement systems makes older
adults drive again at night, this will increase their mobil-
ity and improve their quality of life. However, it has to be
seen whether the use of night vision enhancement sys-
tems will provide a similar risk compensation for im-
paired night-time visual acuity as does the older driver’s
compensation strategy of not driving at night5573.

5.5 Interaction between drivers with and without

ADAS

Effects of the automation of (elements of) the driv-
ing task are not limited to the behaviour of the supported
driver (the driver that has the system installed in his car).
It is possible that, in the eyes of the other road users, the
support given by an ADAS makes the car act “like an
alien”. This “extraterrestrial behaviour” can cause confu-
sion among the other road users which might result in
negative road safety consequences®. These problems will
particularly occur in the period between no and full im-
plementation of the system, a period that can last a couple
of decades’®. In the meantime, systems that automate
(parts of) the driving task should be designed in such a
way that they imitate the traffic behaviour of the driver as
much as possible.

6. CONCLUSIONS AND RECOMMENDATIONS

Based on a literature review, this paper identified
those ADAS that have the most potential to reduce the
crash involvement of older drivers. Most studies that have
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the aim to identify ADAS that can improve road safety
start looking at the available ADAS and their effects on
driver behaviour. This study, however, looked at the needs
of the driver, more specifically the needs of the older
driver. It was assumed that ADAS will be most capable of
reducing the crash involvement of older drivers if they
support the relative weaknesses of the driver. These
weaknesses were identified by studying various theories
on human functioning. Based on the identified weakness-
es and their relevance to road safety, it was concluded
that to have the biggest potential to improve the road
safety of older drivers, ADAS should:
a) draw attention to approaching traffic;
b) signal road users located in the driver’s blind spot;
c) assist the driver in directing his attention to relevant
information; and/or
d) provide prior knowledge on the next traffic situa-
tion.

Systems that seem to provide one or more of these
kinds of support are 1) collision warning systems aimed
at intersections, 2) automated lane changing and merging
systems, 3) reversing aids, 4) in-vehicle signing systems,
5) intelligent cruise control, and 6) a system that gives
information on the characteristics of complex intersec-
tions the driver is about to cross. However, it turns out
that many of these systems are still being developed and
not much research has been done on user acceptance and
the effects on road user behaviour. As a result, little can
be said on whether these systems - when available - will
actually be used by older drivers and will actually im-
prove their safety.

Thus, with respect to ADAS that are aimed at an
improvement of the safety of the older driver, much re-
search remains to be done. First of all, initiatives like
those of Entenmann and Kiiting® and the EDDIT-proj-
ect** will have to be followed to arrive at a situation in
which more ADAS are being developed that are aimed at
the special safety needs of older drivers. Besides that, ex-
isting ADAS should more often be evaluated using both
younger and older drivers. Only then we will be able to
draw conclusions on whether the systems that seem to
have the best potential to improve the safety of older driv-
ers, actually do improve the older driver’s safety.

10.

11.

12.

13.

14.

15.

16.

17.

18.

REFERENCES

CBS. Maximaal 17 miljoen inwoners verwacht (A maximum
population of 17 million expected). Persbericht PB04-193, 14
december 2004. Statistics Netherlands, Voorburg/Heerlen.
(2004).

Brouwer, W.H. and Davidse, R.J. Oudere verkeersdeelnemers
(Older drivers). in J.J.F. Schroots (Ed.) Handboek psychologie
van de volwassen ontwikkeling en veroudering. Van Gorcum,
Assen, pp.505-531. (2002).

SWOV. The elderly in traffic. Factsheet. SWOV Insitute for
Road Safety Research, Leidschendam. (2005).
Hakamies-Blomqvist, L., Raitanen, T. and O’Neill, D. Driver
ageing does not cause higher accident rates per km. “Trans-
portation Research Part F: Traffic Psychology and Behaviour”
5(4): pp.271-274. (2002).

Hakamies-Blomqvist, L. Fatal accidents of older drivers. “Ac-
cident Analysis and Prevention” 25(1): pp.19-27. (1993).
Hakamies-Blomaqvist, L. Accident characteristics of older
drivers: Can findings based on fatal accidents be generalized?
“Journal of Traffic Medicine” 22(1): pp. 19-25. (1994).
Aizenberg, R. and McKenzie, D.M. Teen and senior drivers.
CAL-DMV-RSS-97-168. California Department of Motor Ve-
hicles CAL-DMV, Sacramento, CA. (1997).

Zhang, J., Fraser, S., Lindsay, J., Clarke, K. and Mao, Y. Age-
specific patterns of factors related to fatal motor vehicle traf-
fic crashes: focus on young and elderly people. “Public Health”
112(5): pp.289-295. (1998).

McGwin Jr., G. and Brown, D.B. Characteristics of traffic
crashes among young, middle-aged, and older drivers. “Ac-
cident Analysis and Prevention” 31(3): pp.181-198. (1999).
Davidse, R.J. Ouderen achter het stuur: Identificatie van
aandachtspunten voor onderzoek (Elderly drivers; Identifica-
tion of points of interest for research). D-2000-5. SWOV In-
stitute for Road Safety Research, Leidschendam. (2000).
Maycock, G. The safety of older car-drivers in the European
Union. European Road Safety Federation ERSF / Automobile
Association AA Foundation for Road Safety Research, Brus-
sels / Basingstoke, Hampshire. (1997).
Hakamies-Blomqyist, L., Sirén, A. and Davidse, R. Older
drivers —a review. VTl rapport 497A. Swedish National Road
and Transport Research Institute VTI, Linkdping. (2004).
Wegman, F. and Aarts, L. (Eds.) Advancing Sustainable
Safety. SWOV Institute for Road Safety Research, Leidschen-
dam. (2006).

Fuller, R. The task-capability interface model of the driving
process. “Recherche transports securité” 66: pp.47-59.
(2000).

Fuller, R. From theory to practice: implications of the task-
capability interface model for driver training. In G.B. Grayson
(Ed.) Behavioural Research in Road Safety X: Proceedings
of the 10t seminar on behavioural research in road safety,
Esher, Surrey, 3-5 april 2000. Department of the Environment,
Transport and the Regions DETR, London. pp.126-136.
(2001).

Fuller, R. Towards a general theory of driver behaviour. “Ac-
cident Analysis and Prevention” 37(3): pp.461-472. (2005).
Zuckerman, M. Behavioral expressions and biosocial bases
of sensation seeking. Cambridge University Press, Cam-
bridge. (1994).

Hakamies-Blomqvist, L. Compensation in older drivers as
reflected in their fatal accidents. “Accident Analysis and Pre-

IATSS RESEARCH Vol.30 No.1, 2006 1 7



MOBILITY FOR THE ELDERLY

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

vention” 26(1): pp.107-112. (1994).

Brouwer, W.H., Rothengatter, T. and Van Wolffelaar, P.C.
Older drivers and road traffic informatics. in Bouma and
Graafmans (Eds.) Gerontechnology. |OS Press, Amsterdam.
pp.317-328. (1992).

Shinar, D. and Schieber, F. Visual requirements for safety and
mobility of older drivers. “Human Factors” 33: pp.507-519.
(1991).

Klein, R. Age-related eye disease, visual impairment, and
driving in the elderly. “Human Factors” 33: pp.521-525.
(1991).

Sivak, M., Campbell, K.L., Schneider, L.W., Sprague, J.K.,
Streff, EM. and Waller, P.F. The safety and mobility of older
drivers: what we know and promising research issues. “UMTRI
Research Review” 26: pp.1-21. (1995).

Holland, C.A. Older Drivers: A Literature Review. Department
for Transport, Local Government and the Regions, London.
(2001).

Arnold, K. and Lang, E. Altern und Leistung im StraBen-
verkehr. Altere Menschen im StraBenverkehr. Symposium
Verkehrsmedizin des ADAC, 1994, Baden-Baden, Germany.
(1995).

Quilter, R.E., Giambra, L.M. and Benson, P.E. Longitudinal
age change in vigilance over an 18-year interval. “Journal of
Gerontology” 38: pp.51-54. (1983).

Ranney, T.A. and Pulling, N.H. Relation of individual differ-
ences in information processing ability to driving performance.
Proceedings of the Human Factors Society 33rd annual meet-
ing. (1990).

Brouwer, W.H., Waterink, W., Van Wolffelaar, P.C. and Rothen-
gatter, T. Divided attention in experienced young and older
drivers: lane tracking and visual analysis in a dynamic driving
simulator. “Human Factors” 33(5): pp.573-582. (1991).

Eby, D.W. Older drivers and advanced traveler information
systems. "UMTRI Research Review" 30(3). (1999).

Michon, J.A. A critical view of driver behavior models: What
do we know, what should we do? in L. Evans and R.C.
Schwing (Eds.) Human behavior and traffic safety. Plenum
Press, New York. pp.485-524. (1985).

Wickens, C.D. and Hollands, J.G. Engineering psychology
and human performance. Prentice-Hall Inc., Upper Saddle
River, New Jersey. (2000).

Stelmach, G.E. and Nahom, A. Cognitive-motor abilities of
the elderly driver. “‘Human Factors” 34: pp.53-65. (1992).
Von Neumann, J. and Morgenstern, O. Theory of Games and
Economic Behavior. Princeton University Press, Princeton,
NJ. (1944).

Malaterre, G. and Fontaine, H. Drivers safety needs and the
possibility of satisfying them using RTI systems. in A.M.
Parkes and S. Franzen (Eds.) Driving future vehicles. Taylor
& Francis, London. pp.157-169. (1993).

Mitchell, C.G.B. and Suen, S.L. ITS impact on elderly drivers.
Paper presented at the 13th International Road Federation
IRF World Meeting, Toronto, Ontario, Canada, June 16 to 20,
1997 (1997).

Shaheen, S.A. and Niemeier, D.A. Integrating vehicle design
and human factors: minimizing elderly driving constraints.
“Transportation Research Part C: Emerging Technologies”
9(3): pp.155-174. (2001).

Féarber, B. Neue Fahrzeugtechnologien zur Unterstiitzung der
Mobilitat Alterer. “Zeitschrift fiir Gerontologie und Geriatrie”
33: pp.178-185. (2000).

1 8 ® JATSS RESEARCH Vol.30 No.1, 2006

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Ministry of Land, Infrastructure and Transport ITS Handbook
Japan 2002-2003. Road Bureau, Minstry of Land, Infrastruc-
ture and Transport, Tokyo. (2002).

Mizutani, H. Proving test report: Advanced Cruise-Assist
Highway System proving tests. Overview of reports at the 5t
AHS Research Seminar. http://www.ahsra.or.jp/ eng/c04e/5th/
mizutani_e/mizutani_e.htm. (2001).

Mizutani, H. Study report AHS substantiation and evaluation.
http://www.ahsra.or.jp/ eng/c04e/7th/04mizu_e/04mizu_e.htm.
(2003).

Oxley, P.R. and Mitchell, C.G.B. Final report on elderly and
disabled drivers information telematics. Dedicated Road In-
frastructure for Vehicle Safety in Europe DRIVE Il Project
V2031 Elderly and Disabled Drivers Information Telematics
EDDIT, Deliverable type P. R & D Programme Telematics
System in the Area of Transport (DRIVE 1), Commission of
the European Communities CEC, Directorate General XIlI
Telecommunications, Information Industries and Innovation,
Brussels. (1995).

Oxley, P.R. Elderly drivers and safety when using IT systems.
“IATSS RESEARCH” 20(1): pp.102-110. (1996).

Regan, M., Oxley, J., Godley, S. and Tingvall, C. Intelligent
Transport Systems: Safety and Human Factors issues. Report
No. 01/01. Royal Automobile Club of Victoria (RACV) Ltd.,
Noble Park, Victoria. (2001).

Dingus, T.A., Jahns, S.K., Horowitz, A.D. and Knipling, R.
Human factors design issues for crash avoidance systems.
in W. Barfield and T. Dingus (Eds.) Human factors in Intelligent
Transportation Systems. Human Transportation Series. Law-
rence Erlbaum Associates, Mahwah, NJ. pp.55-93. (1998).
Lee, J.D. A functional description of ATIS/CVO Systems to
accommodate driver needs and limits. in Y.I. Noy (Ed.) Ergo-
nomics and safety of Intelligent Driver Interfaces. Human
Factors in Transportation Series. Lawrence Erlbaum Associ-
ates, Mahwah, NJ. pp.63-84. (1997).

Stamatiadis, N. ITS and human factors for the older driver :
the U.S. experience. “Transportation Quarterly” 52(3): pp.91-
101. (1998).

Pauzié, A. In-vehicle communication systems: the safety
aspect. Injury Prevention 8(Suppl IV): pp.iv26-iv29. (2002).
Luoma, J. and Rama4, P. Acceptance of traffic sign information
provided by an in-vehicle terminal. in Proceedings of the 9t
World Congress on Intelligent Transport Systems ITS, Chi-
cago, lllinois, October 14-17 2002. ITS America, Washington
DC. (2002).

Hoetink, A.E. Advanced Cruise Control en verkeersveiligheid;
Een literatuurstudie (Advanced Cruise Control and Road
Safety; a literature study). R-2003-24. SWOV Institute for Road
Safety Research, Leidschendam. (2003).

Entenmann, V. and Kiting, H.J. Safety deficiencies of elderly
drivers and options provided by additional digital map content.
in From vision to reality: Proceedings of the 7th World Con-
gress on Intelligent Transportation Systems ITS, Turin, Italy,
6-9 November 2000, Turin, ltaly. ITS Congress Association,
Brussels. (2000).

Entenmann, V., Hummelsheim, K., Sabel, H., Bendafi, H.,
Williams, H., Loewenau, J., Marquet, J. and Lilli, F. Overall
technical and economical assessment. NextMAP deliverable
D5.2. Brussels. (2001).

Viborg, N. Older and younger driver’s attitudes toward in-car
ITS; A questionnaire survey. Department of Technology and
Society, Lund Institute of Technology, Lund, Sweden.




OLDER DRIVERS AND ADAS — Which Systems Improve Road Safety? —

R. J. DAVIDSE

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

(1999).

De Waard, D., Van der Hulst, M. and Brookhuis, K.A. Elderly
and young drivers’ reaction to an in-car enforcement and
tutoring system. “Applied Ergonomics” 30(2): pp.147-158.
(1999).

Green, P. Variations in task performance between younger
and older drivers: UMTRI research on telematics. Paper
presented at the Association for the Advancement of Automo-
tive Medicine Conference on Aging and Driving, February
19-20, 2001, Southfield, Michigan, Southfield, Michigan.
(2001).

Green, P. Synopsis of driver interface standards and guide-
lines for telematics as of mid-2001. Technical Report UMTRI-
2001-23. University of Michigan Transportation Research
Institute, Ann Arbor, MI. (2001).

Caird, J.K., Chugh, J.S., Wilcox, S. and Dewar, R.E. A design
guideline and evaluation framework to determine the relative
safety of in-vehicle intelligent transportation systems for
older drivers. TP 13349E. Transport Canada, Transportation
Development Centre TDC, Montreal, Quebec. (1998).
Gardner-Bonneau, D. and Gosbee, J. Health care and reha-
bilitation. in A.D. Fisk and W.A. Rogers (Eds.) Handbook of
human factors and the older adult. Academic Press Inc., San
Diego. pp.231-255 (1997).

McDowd, J.M. and Craik, F.I.M. Effects of aging and task dif-
ficulty on divided attention performance. “Journal of Experi-
mental Psychology: Human Perception and Performance”
14(2): pp.267-280. (1988).

ETSC. Intelligent Transportation Systems and road safety.
European Transport Safety Council ETSC, Brussel. (1999).
Heijer, T., Oei, H.-L., Wiethoff, M., Boverie, S., Penttinen, M.,
Schirokof, A., Kulmala, R., Heinrich, J., Ernst, A.C., Sneek,
N., Heeren, H., Stevens, A., Heinrich, J., Damiani, S. and
Bekiaris, A. Action for Advanced Drivers Assistance and
Vehicle Control System Implementation, Standardisation,
Optimum Use of the Road Network and Safety ADVISORS
Deliverable D1/2.1 v1 : Problem identification, user needs and
inventory of ADAS (Advanced Driver Assistance Systems):
Final report. Contract No. DGTREN GRD1 2000-10047. Com-
mission of the European Communities, Directorate-General
for Energy and Transport, Brussel. (2001).

Vonk, T., Van Arem, B. and Hoedemaeker, M. Cooperative
driving in an intelligent vehicle environment (co-drive). in
Proceedings of the 9th World Congress on Intelligent Trans-
port Systems ITS, Chicago, lllinois, October 14-17 2002. ITS
America, Washington D.C. (2002).

Féarber, B. and Farber, B. Auswirkungen neuer Information-
stechnologien auf das Fahrerverhalten. Berichte der Bunde-
sanstalt fur Strassenwesen. Mensch und Sicherheit (Heft
M149). (2003).

Piechulla, W., Mayser, C., Gehrke, H. and Kénig, W. Reduc-
ing drivers’ mental workload by means of an adaptive man—
machine interface. “Transportation Research Part F: Traffic
Psychology and Behaviour” 6(4): pp.233-248. (2003).
Wheatley, D.J. and Hurwitz, J.B. The use of a multi-modal
interface to integrate in-vehicle information presentation. in
Proceedings of the first international driving symposium on
human factors in driver assessment, training and vehicle
design held in Aspen, Colorado, 14-17 August 2001, Univer-
sity of lowa, lowa City. pp.93-97. (2001).

Hoc, J.M. From human-machine interaction to human-ma-
chine cooperation. “Ergonomics” 43(7): pp.833-843. (2000).

65.

66.

67.

68.

69.

70.

71.

72.

73.

Michon, J.A. Modellen van bestuurdersgedrag. in C.W.F. van
Knippenberg, J.A. Rothengatter and J.A. Michon (Eds.)
Handboek sociale verkeerskunde. Van Gorcum, Assen/Maas-
tricht. pp.207-231. (1989).

Carsten, O. New Technologies and behavior- problem or
cure? in H. von Holst, A. Nygren, and A.E. Andersson (Eds.)
Transportation, traffic safety and health : human behavior;
Proceedings of the fourth international Conference. Tokyo,
Japan, Springer Verlag, Berlijn. pp.87-106. (2000).

Endsley, M.R. and Kiris, E.O. The out-of-the-loop perfor-
mance problem and level of control in automation. “Human
Factors” 37(2): pp.381-394. (1995).

Janssen, W. Gedrag en veiligheid in geautomatiseerde vo-
ertuigen. In F.J.J.M. Steyvers (Ed.) Gedrag en verkeers-
veiligheid bij telematicatoepassingen; Symposiumbundel
wetenschappelijke dag van ‘Gedrag en Verkeer’, contact-
groep voor Onderzoek en Beleid, Soesterberg, 24 maart
1999. Shaker, Maastricht. pp.21-29. (2000).

Shebilske, W.L., Goettl, B.P.,, and Garland, D.J. Situation
awareness, automaticity, and training. in M.R. Endsley and
D.J. Garland (Eds.) Situation awareness analysis and mea-
surement. Lawrence Erlbaum Associates, Mahwah, NJ.
pp.303-323. (2000).

Dragutinovic, N., Brookhuis, K.A., Hagenzieker, M.P. and
Marchau, V.A.W.J. Behavioural effects of Advanced Cruise
Control use — a meta-analytic approach. “European Journal
of Transport and Infrastructure Research” 5(4): pp.267-280.
(2005).

Evans, L. Traffic safety and the driver. Van Nostrand Rein-
hard, New York. (1991).

Wilde, G.J.S. The theory of risk homeostasis: Implications for
safety and health. “Risk Analysis” 2(4): pp.209-225. (1982).
Smiley, A. Behavioral adaptation, safety, and Intelligent Trans-
portation Systems. “Transportation Research Record” 1724:
pp.47-51. (2000).

IATSS RESEARCH Vol.30 No.1, 2006 1 9



MOBILITY FOR THE ELDERLY

APPENDIX

Needs regarding information and assistance and the percentage of crashes that could be avoided if the need
would be met (adapted from Malaterre and Fontaine®®)

Needs regarding information and/or assistance Percentage of the total Is this percentage
number of crashes that could higher for crashes
have been avoided if the need | older drivers are
had been satisfied involved in?’

Monitoring driver and vehicle condition

1. Driver status (fatigue, driving under the influence of alcohol or drugs) 8.4 %
2. Vehicle status (mechanical defects) 11 %
Timely detection
3. Timely detection of a road-related difficulty 5.0%
4. Obstacle detection 4.4 %
5. Timely dgtgction of oncoming road users that are not visible due to 71%
trees, building, etcetera
6. Timely dfetection of road users that are on an intersecting lane at an 194 % oD
intersection
7. Detection of road users that are hidden in vehicle blind spots 4.0% oD
8. Detection of pedestrians 5.8% oD
Estimating time and speed
9. Correctly assessing speeds in relation to road conditions 3.7 %
10. Timely assessment of s_peed differences between the vehicles in 399%
front and ones own vehicle
11. Estimating the collision course with cross traffic 0.9 % oD
12. Assessing gaps when overtaking or changing lane 0.6 % oD
13. Assessing gaps when joining or cutting across a traffic flow 0.6 % oD
Predicting the behaviour of other road users
Predit_:ting the behaviour of other road users regarding yielding and 7%
stopping
15. Predicting the manoeuvres of other road users 7.3%
16. Predicting the behaviour of pedestrians 1.9%
Being able to control one's vehicle
17. Vehicle control 1.8 %

" OD (Older Driver) in the right column means that the percentage mentioned in the middle column is an underestimation of the percentage that could
be avoided of the total number of crashes older drivers are involved in.
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