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PREFACE

Safety is one of the most difficultand complex aspects of the
traffic system. The reason hereof is that safety is not simply a
matter of averages, but of deteriorations from the average. In
traffic numerous actions are execut ed 100 thousand times
effortlessly, but the one time the t ra f f i c process is dis t urbed, an
accident is the result with all poss ible serious consequences.
Accidents seldom or never have one cause. Usual l y they are the result
of a critical combination of many circumstances. Traffic safety
research therefore concentrates on locating that critical situation,
the chance or probability of occurrance of that situation and the
consequences hereof.

With regards to the decision process on traffic safety, three phases
can be discerned: the risk analysis, the risk assesment, and the risk
control.
The risk analysis is directed mainly
stances, the chance of occurrance and
the aim to give a qualitative and
description or the risks. This report
risk analysis of the Carin system.
In the risk assesment phase the acceptable risk is weighed out
against other aspects, such as comfort, accessability, speed, costs,
and the like.
The risk control phase is pointed at the optimal design of a
measurement.
In a weIl structured decision process, the decision phases are
separated as much as possible. If e •g , in the risk analysis phase
other interests such as costs al ready play a role, no objective
impression of the actual risks may be received.

Prof. E. Asmussen,
Delft University of Technology
Department of Transportation Planning and Highway Engineering
Traffic Safety Division
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1. INTRODUCTION

Traffic safety is influenced by many circumstances. The condition of
every element of the traffic system and the interaction between the
various elements all have their effect on traffic safety. Even so,
unsafety is the result of a critical combination of circumstances.
Accidents do not have one cause, but are the resul t a chain of
circumstances.
A skidding accident with serious consequences could e.g. be caused by
a combination of a low attention level of the driver, distraction of
the driver by other car occupants, unfamiliarity with the location, a
sudden sharp bend in an otherwise straight road with only moderate

bends, a wet road surface, a road surface with insufficient skidding
resistance, the inability of the driver to cope with a skidding car,
the car occupants not wearing safety beIts, a tree alongside the road
that could not be avoided any more, a long time period between the
accident and the signalling, a great distance from the nearest
hospital, the qualified doctor not being present at the time of
arrival in the hospital, and the like.
The removal of any of the above cirumstances would have resul ted
either in the avoidance of the accident or in the accident not being
fata!.

From the above, it will become clear that the introduction of a new
element into the traffic system, like the Carin car information and
navigation system, will certainly have it's effects on traffic
safety. Firstly, because through the addition of some new circum­
stances, a combination of circumstances may become critical.
Secondly, because the Carin system could remove circumstances from a
critical combination of circumstances. In the first case Carin would
have a negative effect on traffic safety and in the second case a
positive one.
The underlying traffic safety study on the Carin system was carried
out in order to registrate all possible effects on traffic safety and
enable an overall positive contribution of Carin on traffic safety by
minimising or possibly eliminating the negative effects and enhancing
the positive effects.
Fortunately, the study was carried out in the design phase of the
Car-In system, which enables adjustments of prototypes and a major
role of traffic safety criteria in an early development stadium.

This report contains the first part of the traffic safety study on
the Carin system, namely a literature study based on a theoretica I
analysis.
The traffic safety analysis is presented in Chapter 3 after a short
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introduction on the Carin system (Chapter 2). In the traffic safety
analysis a so-called phase model of the transport and traffic process
is used. More interested readers may find a full description of this
phase model in the enclosure.
Out of the traffic safety analysis follow a number of subjects for
f urt her study, out of whi ch in Chapt er 4 the subjects for the
literature study a r e selected.
The results of the literature study are presented in Chapter 5.
In the final chapter all findings are summarized and discussed
extensively. Also are priori ties given for further studies.
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2. THE CARIN SYSTEM

Carin is an electronic car information and navigation system that is
currently being developed by Philips. The system determines optimum
routes and guides drivers to their destination. The route guidance
information is presented to the drivers primarily aurally. A small
flat panel di s pl ay on which schematic pictogrammes can be presented
serves as secondary information source. The calculation of the route
is carried out before and during a trip when the vehicle-Iocating
segment registrates a deviation from the planned route. Once a devia­
tion has been noticed, the system immediately calculates a new route
with the actual location of the vehicle as starting point.
The system will be sold in a number of alternatives. The basic system
comprises of a compact disc for mass storage of data, a board­
computer, a vehicle-Iocating segment and an user interface section.
Optional to the basic configuration are a data link via the car radio
for recent traffic information, sensors transmitting data on the
functioning of the car to the board computer, and a more luxurious

user interface.

The compact disc with the digitized map can be played on a car com­
pact disc drive that has been adapted for the retrieval of a variety
of information which may be useful during a trip. On the Carin com­
pact disc the roads have been stored through the so-called vector
methode According to this method roads are approximated by a concen­
tration of straight line segments. Consequently, roads are represent­
ed by start modes, kink points, and end modes. This economical way of
digitising enables the storage of e.g. the whole Benelux on one com­
pact disc, inclusive tourist information, information on hotels,
filling stations, and the like.

The function 'of the board computer is to read the information on the
compact disc, calculate the optimum route to a certain destination,
determine route guidance advices, and carry out all required calcula­
tions.

The vehicle-Iocating segment determines the actual position of the
car. Momentarily, this is done through an electronic compass for the
determination of the heading of the vehicle and wheel sensors that
measure the distance that is driven. From these data the board
computer can calculate the position of the car-, The board computer
also corrects disturbances that may occur as a result of e.g. tyre
wear or affection of the compass by the iron coachwork of the
vehicle. Through a map-matching algoritm the disturbances are
regularly corrected. The coordinates obtained from the vehicle-
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locating segment are related to the digitized road map. Presuming
that a cal' is always on the road, corrections can be calculated if
the position estima tes devia te from the corresponding road (f'Lgur-e
2.1) •

Figure 2.1: Correction of the calculated track.

In the future the vehicle location may be determined through the
American satellite navigation system NAVSTAR, that will be completed
in 1992 with a constellation of 18 satellites. With the civil part of
the system, it will be possible to determine the position within an
accuracy of ~ 10 m on any time of the day on any position on earth.

The user interface comprises of a simple keyboard, a speech syn­
thesizer chip, and a small flat panel display (figure 2.2).
The keyboard, that can be fitted into a remote con trol unit, is used
for communication of the driver with the system, e.g. for entering
the destination.
The speech synthesizer presents the route guiding advices to the
driver. For traffic safety reasons route advices are primarily given
auditorily, as the driver task is al ready heavily loaded with visual
information. However, in some cases the aural route guiding advice
may not be heard or understood. For those cases a visual support of
the route advices through a flat panel display is thought necessary.
On the dashboard-mounted flat panel display simple route guiding pic­
togrammes are presented to support the aural route advices. These
route guiding pictogrammes are schematic representations of junctions
and routes to be followed, comparable to the pictogrammes on s i.gn
posts.
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Figure 2.2: Configuration of the basic Carin system.

On option the user interface may be extended with an image display
which can show an outline map of the area concerned complete wi th
special locations such as motels, recreation centres, etcetera. For
traffic safety reasons, this display is automatically turned off as
the vehicle starts moving, which is measured by the wheel sensors.
During a trip, the only communica tion between the system and the
driver is the aural route advice, supported by the visual advice on
the flat panel display.

The optional data linkage via the car radio can provide actual
traffic information that can be incorporated into the route planning
process. This information may be on traffic congestions or obstacles.
A possible future sytem herefore is the Radio Data System.
Experimental broadcastings with this system are currently being
undertaken in various European countries.
The link with usual automotive functions can provide additional
information to the driver, e.g. on the ave rage fuel consumption or
the average speed.
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3. TRAFFIC SAFETY ANALYSIS

3.1 Introduction

The use of a Car i n informat ion and navigation system as described in
the previous chap ter, may have various effects on traffic safety. In
this chapter these pos s ible effect s ar e systemat i ca lly ana l ys ed with
the aid of the so-called phas e model of t he transport and traffic
(unsafety) process or shortly phase model of the accident process. A
description of this phase model is given in enclosure 1.
The possible effects of Carin on traffic safety are displayed in
Table 3.1. In this table the possible effects are arranged per phase

of the accident pr-ocesa and distinction is made between possible
positive and possible negative contributions. As a reference for this
categorisation served the situation without a Carin system.
For an overall positive contribution of Carin to traffic safety, it
is essential to create conditions to minimise or possibly eliminate
the negative effects and enhance the positive effects.
The possible effects of Carin on traffic safety are discussed in the
following paragraphs.

3.2 Travel/transport situation

The circumstances under which a driver travels are referred to as the
travel/transport situation. These circumstances are determined by the
nature of the travel goal, the motive for travelling , the mode of
transport and its characteristics, the route, and the time tabIe.
The installation of a Car-Ln system in a car- may influence two of
these circumstances, namely the characteristics of the transport mode
and the time tabIe, which could bring about respectively a change in
modal split and more difficulty in estimating travel time.

Change in modal spIi t

With the aid of a Carin system, searching in unknown cities will be
able to be avoided, which may tempt drivers to use their cars in
cases where previously means of public transportation have been used.
The presence of a Carin-system in a car might thus result in
travelling by car more frequently. The consequences of this possible
change in modal split are not easily foretold.
On one hand, the ave rage risk of getting involved in an accident is
greater for car passengers than for passengers of buses, trains and
air ·planes. However, it must be taken into account that traffic risks
can be influenced by choice of routes and travel times and is de­
pendent on car populations and the populations of other vehicles.



-8-

Table 3.1: Possible effects of the Carin system on traffic safety

phase of the
accident process

possible negative
effects

possible positive
effects

trave l / t r ans port
situation

- change in modal split
- estimating travel time

traffic

situation

encounter
situation

incident
situation

crash
situation

- disc changing
while driving

- distraction by

route guiding
advices

- disc changing
while driving

- distraction by
route guiding
advices

- untimely present­
ation of route
guiding advices

- obstruction of the
driver's view

- illegal route
guiding advices

- reaction on a dis­
regarding of a
route guiding
advice

- distraction by
route guiding
advices

- agressive shape

- avoidanee of
search behaviour

- avoidance of

detours
- avoiding unsafe

locations and
situations

- avoidance of
search behaviour

- avoidance of
detours

- avoiding unsafe
locations and
situations

- information on
the vehicle
condition

- avoidance of
. search behaviour
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Therefore a comparison of the average risks is not entirely correct.
Better would be to compare the risks in specific situations.
On the other hand, passengers of a means of public transporta tion
have to go to a stopping pl ace , To do so , t hey have to walk and
pos sibly ride on a bicycle or a moped and t hese are means of
t ransporta t i on that are on average more danger ous than car driving .
Out of the above it follows that it is difficult to predict the
effects on traffic safety of a change in modal split.
Eur-ther-mor-e , it must be considered that many users of the Carin
system will be fleet owners or public services like the police, the
fire brigade or medical services (ambulances, doctors) who can not

choose a means of transportation, but have to use cars or trucks.

Estimating travel time
An under-es tdmat.Lon of the travel time by the driver, may lead to
hurrying when the driver notices his error. This has negative effects
on traffic safety, because hurried drivers tend to travel at higher
speeds and to take more risks. At encounters with other traffic e.g.
they will be more inclined to accelerate in an at tempt to pass in
front than to brake.
In two ways the presence of Carin may influence the correct
estimation of travel time. The first effect is a positive one:
through a Carin system search behaviour and therewith search time can
be avoided. This will eliminate the hurrying of a driver after a
search has taken too much time.

The second effect negàtively influences traffic safety. With a Carin
system drivers will be inclined to inform themselves less on their
route than without Carin. For prior to a journey drivers with a Carin
system will not (have tol look on road maps and town plans to find
their way, because the system determines the optimum route for them.
Thus, drivers with a Carin system will find more difficulty in
estimating their travel time as a --result of the lack of knowledge of
the route. Their only source of information is the travel distance,
but they do not know if e.g. they will travel on motorways or second­
ary roads, through residential area's or outside build-up area's.
Of course it will be possible for the Carin system to present
estimated travel times based on road classifications, but the dis­
advantages hereof will be greater than the advantages as the
consequences of wrong estimations are great.
For if drivers have to estimate their own travel time, they will
account for the uncertainty through a safety margin of some minutes.
If drivers on the other hand are presented a travel time by Carin,
they will rely on it and not be prepared to take into account a
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safety margin.
This would not provide any problems if the Carin system could
estimate the travel time fail prove. But it can not.
Firstly, the travel time is dependent on personal preferences of the
driver and on the traffic flows on the route, which are both change­
ab l e factors that can not be accounted for by Carin. Secondly, the
weighing factors that are used to calculate the route wi t h the
shortest travel time are related only to the road classification.
However, the speed that can be driven on a .road of a certain class
varies greatly from one country to another. The primary roads in
western Europe, for instance, are motorways with design speeds of
approximately 120 km/h, while in northern Scandinavia primary roads
sometimes even .ar e not paved. It will be evident that, although this
does not keep the board computer from determining an optimum route
(primary . roads stay primary . .roads), it is fatal for a correct
estimation of the travel time.

It can be considered to search for ways to present correct estima­
tions for the travel time, not based on road classification only.
An adequate intermediate solution will be to present not solely the
travel distance, but also the .road types on which the route will be
driven. Thus the estimated travel time can be based on more data and
wil! therefore be more accurate as the driver can account for road
situations and personal preferences.

3.3 Traffic situation and encounter situation

In the traffic situation drivers have to undertake relative little
action and have a leight taskload: following the road, following a
stabIe traffic flow.
As a result of this leight taskload drivers may be of opinion that an
additional task can be executed without any risks. In the traffic
situation this is mostly, though not always true. Most problems will
arise when the driver .ar r i ves at an encountersituation.
In the encounter situation the driver meets other road users arrives
at a bend in the r-oad, faces himself with an instability in the
traffic flow, and the like. In this situation the taskload is
increased considerably as the driver has to account for other traffic
and the traffic environment, and has to react timely and adequately.
This may be prevented by any addi tional tasks which a driver may
still be wanting execute, either because he thinks he can handle
additional tasks also in the encounter situation or because the
encounter situation was not foreseen.
Thus, for reasons of traffic safety, additional tasks in the
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encounter situation should be avoided as much as possible.
In the traffic situation and the encounter situation Carin may
influence the task of the driver both negatively and positively.
Possible negative effects may be caused by disc changing while
driving and di s t r ac t i on by route guiding advices. Positive effects

may manifes t themse l ves as a resul t of the avoidanee of search
behavi our , t he avoidance of detours, and the avoidance of uns a f e
locations and situations.

Disc changing while driving
The changing of a compact disc while driving may under circumstances
endanger traffic safety. Although drivers will be inclined to account
for the extra workload of disc changing, for instance by driving
slower or keeping a larger distance to the vehicle in front, it is
nevertheless quite possible that this disc changing leads to
accidents as a .result of unforeseen circumstances. Examples of these
circumstances are unexpected encounters with other traffic and a
longer search than expected for a particular disco
Therefore disc changing while driving should be made impossible,
drivers first should have to bring their vehicle to a halt before
changing a compact disco

Distraction by route guiding advices
A possible negative effect of the Carin system could be that the
auralor visual route guiding information distracts the driver from
his task to keep course, to account for the other road users and the
traffic environment, and to react timely and adequatly. Therefore
great attention should be paid to the way in which the information is
presented.
The aural route guiding messages are likely to distract drivers the
least as the human ear is one of the senses that is still hardly used
in car driving and therefore has a great capacity left for additional
tasks.
Nevertheless, although it is quite weIl possible to listen and watch
at the same time, the human mind is inclined to concentrate on one of
the two when great efforts are needed. Examples hereof are
conversations of .dr i vers with passengers that stop when the driver
has to perform a complicated driving task , Iike crossing astreet
with heavy traffic flows. The reverse might also take place. Drivers
may start to listen so intensily to the aural route advice that not
enough attention is paid to the driving task.
Subjects that may be of influence on this kind of distraction are the
contents of the messages and the volume level of the speech
synthesizer. The aural messages may be presented in short language
style or in more descriptive terms and with or without a preceding
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alerting signal.
The volume level may be controlled by the driver or automatically. A
combination of both seems preferabIe: the driver adjusts a particular
signal to background noise ratio that then is automatically sustained
by the system.

Simpl e route guiding pictogrammes on a flat panel di s play can support
the aural route guiding advices. However, the chances of distraction
by this display are far from imaginary. To prevent this distraction,
that may be _related to the type of display (size, color coded or
black and white, etc.) strong precautions will have to be taken.
It should be well considered what .pictogrammes .ar e allowed to be
presented on the display. It is conceivable that no oversight should
be given of a .gr eat number of junctions or a very complicated
junction. The length of interpretation times for pictogrammes may
have to be limited.
The lumination of the flat panel display has to be paid attention to.
On one hand it has to be sufficient for the driverto see the picto­
grammes in daylight, but on the other hand the driver must not be
blinded at night or when driving on a subway. This can be done
through automatic lumination control by means of a photoelectric
cello

The presentation of the visual route guiding pictogramme should be
well attuned to the aural route guidance advice. It is important that
the visual messages serve only as secondary information and the aural
messages stay the main information sour-ce , For aural information
probably distracts drivers the least from their driving task and
imposes the least taskload and stress on the driver. For the human
eye is allready heavily loaded with the driving task and besides
pointed in a certain direction. The aural senses still are hardly
loaded and besides direction-independent.
Therefore, firstly, no visual route guiding messages should be
presented on the flat panel display without an accompanying aural
route guiding advice. Neither should any aural messages be presented
that urge the driver to watch the display for the next route guiding

advice. Any aural route advice, how incomplete, is better . than no
aural route advice at all.
Secondly, visual messages should not be shown before or simultaneous­
ly with the aural advices. For this could provoke drivers, especially
the onces experienced with the system, to start watching the display
at the begin of an aural route guiding advice. Such an action would
be very tempting as most visual route guiding advices will be able to
be interpreted faster (though with a probable greater distraction)
than the same information presented aurally (the time alone to speak
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the message may take some seconds).

Avoidance or search behaviour
One of the main positive effects of Carin will be the avoidance of
search behaviour. The driver receives his route guidance advices from
the system and can fu11y concentrate his attention on the road, the
traffic, and its environment. There will be no need any more to read
sign posts, search for street names or special locations, map reading
while driving, or stop to ask passes bYe Especially under difficult
traffic situations (heavy traffic flows, darkness, rain, and the
1ike), this will be an enormous advantage.

Avoidance or detours
Another important positive effect of route guidance by Carin will be
that drivers do not get lost anymore. Normally the drivers will
follow the route that has been p1anned by the Carin system and even
if they deviate from this route, the system immediately calculates a
new route for them. As participating in the traffic process brings
about a certain risk, it is evident that a limitation of the travel
distance and therewith the total number of encounters, due to the
avoidance of unnecessary detours, contributes positively to traffic
safety.
It is difficult to precize the reduction of the travel distance.
However, previous investigations of a.o. G.F. King and D.W. Schoppert
have pointed out that ~ 30% of drivers in unknown cities get lost at
least once during their trip.

Avoiding unsare locations and situations
Traffic safety may be used as one of the criteria for determining
optimum routes.
In the case of two on other criteria equivalent alternative routes, a
choice could be made for the safest one. It could even be decided to
select the safest route if it were slightly longer than the less
safer route. In that case an accurately defined criterion should be
determined for the percentage detour that is still accepted for a
safer route, even more as detours bring about an enlargement of the
risks of a journey (see also "avoidance of detours").
An example where traffic safety could be used as a criterion for
determining routes is the choice between a route via a motorway or
via a secondary .r oad . On motorways the average risk on an accident
with injuries is 0.04 per 106 vehicleki1ometres. On a secondary road
the same risk is 0.25 per 106 vehiclekilometre. Therefore, in the
case of two routes of the same length, for reasons of traffic safety,
the . route via motorway should be selected. Even more, if the route
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via the motorway is less than 0.25/0.04=6.25 times longer than the
route via the secondary road, it still is safer!
However, the application of the traffic safety criterion may not be
as simple as could be concluded from the above. Traffic unsafety is a

dynamic process and accidents happen as a result of a combination of
critical circumstances. This means that the traffic safety of certain
routes, roads, and locations var y '.vi th t he circumstances (see also
enclosure 1: the transport and traffic unsafety process). The circum­
stances that influence traffic safety are, among others, the purpose
of the journey, the weather condition, the light condition, the road
surface, the condition of the car, the condition of the driver, the
traffic flow, the number and lay-out of junctions, and many more.
To take into account all variables that are of influence on traffic
safety will be impossible. To at least be able to calculate with some
variables, sens rs ,will be necessary to determine the state of those
variables.

With the aid of the future Radio Data System it will be possible to
present actual information on traffic situations. In this way Carin
can help avoiding dangerous situations or at least warn drivers of
those situations. Examples in which this could be usefull are
congestions, road works, black ice, insufficient skidding resistance,
and the like.

3.4 Encounter situation

,
In addition to the possible effects of Carin on traffic safety that
play a role both in the traffic situation and in the encounter
situation, there are also some possible effects that manifest
themselves solely in the encounter situation. These are an untimely
presentation of route guiding advices, the obstruction of the
driver' s view, illegal route guiding advices (all with a possibIe
negative effect) and information on the vehicle condition (possible
positive effect).

Untimely presentation of route guiding advices
Route guiding advices should be presented to the drivers weIl before
ajunetion, roundabout, exit road, etc. in order to give the driver
enough time to follow up a route guiding advice. The effect of un­
timely route guiding advices is twofold.
First, the possible positive effect of the avoidanee of search
behaviour is neutralised. If the Carin route guidance advices are
presented too late, drivers will have to search for the required
routes themselves, which is even more difficult (and thus more time­
consuming) than without a Carin system as the drivers will be less
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informed on their route.

Second, with late presentations of the route guidance advices drivers
possibly are not only distracted by them in the traffic situation,
but also in the encounter situation, wich has a greater impact on
traffic safety as the necessity to watch and react on other traffic
is gr eat e r in the encounter si tuation than in the traffic situation.

Presenting .route guidance advices in time means that after messages
have been given, drivers still have to have enough time to react and
execute whatever action is necessary. This is illustrated in the

figure below.

aural route reaction time execution time
I------------------I---------------I----------------I

guidance advice

However, if an aural route guidance advice is not heard or understood
(entirely) and a support of the route advice on the flat panel dis­
play is needed, the time between the end of the spoken message and
the begin of a necessary action is enlarged with a time necessary for
the interpretation of the pictogramme on the display and an addition­
al reaction time. In this case, the time tabIe is as shown beIow. If
the distance between two succeeding junctions is too short for this
time cyclus, a compound -route advice should be given.

visual route
guidance advice

1
aural route reaction interpretation reaction execution

I----------------I----l----I----------------I----------I-----------I
guidance advice time time pictogramme time time

The length of the aural route guidance advice depends strongIy upon
the kind of advice that is given and upon the way in which it is
given. If evg , a driv.er has to turn left at the second crossing, the
commands "second left" or "turn left at the second crossing" are
possibIe. The advantage of the first command is its srn rtness. A
disadvantage is that the essence of the message is lost if a driver
does not hear the first word, aIthough this could be compensated by
the, in comparison with visual information, relatively long sensory
memory for auraI information. On average, until 2 s after its
presentation, an aural message can be recalled from the sensory
memory before the memory is whiped ' -clean (=. 0,4 s for visual
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information) •
The reaction time is dependent on many variables, among others the
level of attention of the driver, which is related to the velocity of
the car and the l ocal si tuation.
The interpretation time f or visual messages on t he flat panel displ ay
i s related to the complexi t y and the number of j unctions t hat are
shown i n t he pi c t ogr amme .

The time that is needed for a necessary action is strongly dependent
upon the velocity of the car, the kind of action, the condition of
the car, the preference of the driver and the road characteristics.
The time calculated by the system should be based upon comfortable

decelerations and changes in lateral position. Often 3 m/s 2 is seen
as the maximum deceleration that is still comfortable (decelerations
above 3 m/s 2 are defined as emergency braking). It is suggested to
calculate with decelerations of 2 m/s 2 as these are both comfortable
and acceptable from a traffic safety point of view. For stronger
decel"erations may Lead to head-tail accidents as a following driver

needs time to react and therefore has to brake more abruptly than the
car in front.
It seems justifiable not to take into account the personal
preferences of drivers, al'though drivers with a high level' of
attention , a high speed, and an incling towards sudden and abrupt
movements will prefer and mo àtLy be ab l.e to react correctly to late
route guiding advices. Three reasons can be put forward for this
abandance of personal preferences. Firstly, a high level of attention
does not have to lead to short reaction times. The "direction" of the
attention is of importance also. If the attention is directed towards
the road and the traffic, the reaction time on a route guiding advice
may still be considerable. Secondly, because of the high level' of
attention, the driver is weIl equipped for early route guiding
advices and will normally find no problem in remembering them until
the required action is due , Thirdly, although fast drivers may be
willing to accept abrupt movemente ,' like great decelerations, the
situation may sometimes not permit it (wet or frozen road surfaces,
worn out tires and the like). In that case" late route guiding
advices could lead to unsafe situations (skidding, swerving, etc.)

Sometimes, it may be pr-ef'er-abl .e not to base the .pr es ent a t i on time on
actual data, but to fix a certain distance before a j unc t i on . On
motorways for instance, i t seemspreferabl'e to present the route
guiding advices before the first sign post indicating the exit road.

Although ,r out e guiding advices have to be given in time, these
advices must not be given so early that a driver forgets them before
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he reaches t.heipLace where he has to follow up the advices. A problem
is that the time during which route guidance advices can be stored in
the short term memory variesgreatly from one person to an other and
depends on the situation also.

Obstruction of the driver's view
Although it seems evident, no part of the Carin system s houl d under
any circumstances obstruct the driver' s view. The location of the
flat panel display is likely to present the most difficulties in
meeting this condition, unless it is build into the dashboard.

Illegal route guiding advices
It will "not be possible to avoid Carin from advicing drivers to turn
into a "s t r eet where that is not allowed (for instanee the wrong side
of a one-way street). The problem is that the digi tal "map on the
compact disc gets out of date: after the making of the map one-way
streets may be instalIed , the direction of one-way streets turned,
the accessibility for motor vehicl"es made undone, etc.
It will be important to at least point out to drivers that route
guiding messages may be Ll.Legal and that the route guiding
information comprises no commands but advices. The driver will have
te check the road, the traffic, and the traffic regulation himsëlf,
just as he did before the installation of the Carin system.
Nevertheless it is likely that drivers start following-up route
guiding advices blindly: after 1000 lègal advices they do not expect
the 1001st advice to be illegale This may lead to drivers following
up the illegal advice or becoming paniced when noticing that the
route advice that has just been given is illegale Therefore it should
be made clear that should ever a route guiding advice be ignored, the
Carin system immediately cal.cul.at.es a new route, starting from the
present position.

Reaction on a disregarding of a route guiding advice
Drivers may, under circumstances, disregard a route planning advice.
This may be done either on purpose or without notice (not correctly
understood "r out e guiding advice and/or road situation). It can be
considered to inform drivers of such a deviation from the planned
route. However, to avoid any negative effects on traffic safety, it

is essential that this information is not presented immediately after
the deviation. For this coulä induce drivers who deviated unwillingly
to last moment actions to correct their mistake , with all possible
negative effects on traffic safety (sudden stops on junctions, driv­
ing backwards on exit roads or hard shoulders of motorways, etc.).
To prevent any of those for traffic safety unfavourable actions ,
drivers should be informed of a deviation of the planned route, if it
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is decided to present that information at .all , on a location that is
so far from the deviation point that any correction of the mis take by
the driver is impossible.
It seems best to present that information aftel" a new route has been
calculated by Carin and inform the driver of t his new route t o avo id
possible panic.

Information on the vehicle condition
Although not dLr-ect Ly related to route guidance, with some addition
to the already present electronic equipment in the Carin system, it
would be possible to inform drivers on the actual condition of vital

parts of the vehicle. The functions that for traffic safety reasons

should be subject to this permanent check are the condition of the
braking system (br-ake lining, brake pads, brake fluid), tyre wear,
lights , the steering system, and the steering characteristics (in
case of over-loading the steering characteristic of a cal" changes
considerably) •

To be able to actually installa checking system for vitalvehicle
parts, a coordination between the Carin design and cal" designs will
be essential. Consultation of cal" manufacturers will ·be necessary.

3.5 Incident situation

If no timely and/or adequate reaction has been carried out in the
encounter situation, the .onl y way to prevent an accident is for the
driver to carry out an emergency manoeuvre like abruptly swerving or
an emergency stop.
To successfully carry out this emergency manoeuvre, the driver has to
become aware of a dangel", recognize the dangel", and react adequately.
Circumstances that may prevent the driver from becoming aware of a
danger- and/or recognizing this danger- are a distraction by route
guiding advices or by search behaviour. Thus it will be clear that a
distraction by route guiding advices may have a negative effect on
traffic safety and an avoidanee of search behaviour a positive one.
For a description of these effects is referred to paragraph 3.3.

3.6 Crash situation

In the crash phase of an accident two subphases can be distincted:
the primary crash and the secondary crash. The primary crash concerns
the collision with an other vehicle or the crash into any environ-
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mental obstac1es. Of importance for the severeness of the primary
crash are the crash speed, the angle and point of impact, and the
compatibility of the .crashing objects.
The secondary crash concerns the collision of vehic1e occupants with

the vehic1e: interior or exterior. In this subphase the Carin system
may negat i ve1y eff ec t traffic safety as co11isio~ of occupant s wi t h
ac ci dent t wo subphas es can be di s tincted : the prim ary crash and the
secondary crash. The primary crash concerns the coLl.LsLon with an
other vehicle or the crash into any environmenta10bstacles. Of
importance for the severeness of the primary crash are the crash
speed, the ang1e and point of impact, and the compatibility of the
crashing objects.
The secondary crash concerns the collision of vehic1e occupants with
the vehic1e interior or exterior. In this subphase the Carin system
may negative1y effect traffic safety as c011ision of occupants with
(parts of) the system may case injuries.

Agressive shape
.Al t hough 1itt1e is known on human to1erance, it can be stated that an
agressive shape of (part of) the Carin system like sharp edges or
protruding obst.ac.l.es under circumstances may enlarge the severeness
of injuries and thus must be avoided. If that is not possib1e, the
agressive parts shou1d at least be adjusted in such a way that they
break off in case of a collision.

For the remote control unit a container shou1d be designed that is
comfortably 10cated in the car. This shou1d prevent the driver from
1etting it 1ie about on just any p1ace in the car from where it could
be swung to the occupants in case of a collision.

3.1 Conclusions

The traffic safety analysis on one hand has put forward requirements
and restrictions for a safe functioning of the Carin system and on
the other hand has raised some questions as to what the effects on
traffic safety wi11 be and what variables it depends upon.
The resul ts of the traffic safety ana1ysis are summarized in the
following.

1. Change in modalsplit
Carin cou1d induce a change in modal split. The effects hereof on
traffic safety are diff1cu1t to .pr edi ct .
1.1 What changes in modal split takeplàce as a result of the

installation of a Carin system in cars?
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1.2 What are the effects of a change in modal split on traffic
safety?

2. Estimating travel time
Through a Carin system search behavi our and therewi th search time can
be avoided .
I t can be cons i de r ed to sea r ch fo r way s t o pr es ent correc t estima­
t i ons of the travel time, not based on road .cl a s s i f i ca t i on only.
An adequate intermediate solution will be to present not solely the
travel distance, but. .also the road types on which the route will be
driven. Thus the estimated travel time can be based on more data and
will therefore be more accurate as the driver can account for road
situations and personal preferences.
2.1 How can the travel time be estimated correctly?

3. Disc changing while driving
Disc changing while .dr i vi ng should be made impossible: drivers first
should have to bring their vehicle to a stop before changing a
compact disco

4. Distraction by route guiding advices
It is .pr ef er ab!"e to have the volume. level 'f'or- aural route guiding
advices controlled both automatically and by the driver: the driver
shou!"d adjust a signa!" to background noise ratio that then is
automatically sustained by the system.
The lumination of the flat panel display has to be sufficient for day
light conditions, yet not blinding during nighttime or on a subway.
Automatic lumination control should provide a solution here.
No visual route guiding messages should be presented without an
accompanying aura! route guiding advice. Neither should any aural
messages be presented that urge the driver to watch the display for
the next route guiding advice.
Visual route guiding messages should not be shown before or
simultaneously with the aural advices.
Although aural route guiding advices are likely to distract drivers
less from their .dr i vi ng task than visual information, questions
remain as to the extent of the distraction.
4.1 Does the presentation of auraI route guiding information

distract drivers from their driving task? To what extent are
drivers distracted? What variables are of influence on the
amount of distraction (lánguage style, alerting signals, etc.)?

4.2 Does the presentation of visual route guiding pictQgrammes
distract drivers from their driving task? To what extent are
drivers distracted? What variables are of influence on the
amount of distraction (number and complexi ty of pictogrammes ,
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type of display, etc.).

5. Avoidance or search behaviour
One of the main positive effects of Carin wili be the avoidance of
search behaviour. Especially in difficult traffic situations this
will be an enormous advantage.

6. Avoidance or detours
As participating in traffic brings about certain risks, it is evident
that a limitation of the travel distance, due to the avoidanee of
unnecessary detours, contributes positively to traffic safety.

7. Untimely presentation or route guiding advices
Aftel' the start of a presentation of an auraI route guiding advice,
there has to be time for the advice to be spoken, and for the driver
to react on the aur-aL advice, interprete a visual route guiding
advice, react on the visual advice, and execute whatever action is
necessary.
7.1 What time is necessary to present (each of t he ) aural route

guiding advices?
7.2 What is the reaction time on aural and visual messages?
7.3 What is the interpretation time for each of the - route guiding

pictogrammes?
7.4 What time is needed to execute a necessary action (decelerating,

changing lanes)?
7.5 What are the chances that aural route guiding messages are

forgotten?

8. Obstruction or the driver's view
No part of the Carin system should under any circumstamces obstruct
the driver's view.

9. Illegal route guiding advices
It will be important to at least point out to drivers that route
guiding advices may be illegal and that the route guiding messages
are no commands but advices.
9.1 How do drivers react on illegal route guiding advices?

10 Reaction on a disregarding or a route guiding advice
If it is decided to inform drivers of a deviation from a _pl anned
route, this should be done on a lócation that is so far from the
deviation point that any correction of this mistake by the driver is
no longer possible. It seems best to present that information aftel' a
new route has been .calculated by the system, and inform the driver of
this calculation of a new route.
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11. Avoiding unsare lócations and situations
Traffic safety may be used as one of the criteria for determining
optimum routes.
With the aid of the future Radio Data System it will 'al s o be possible
to warn drivers off danger ous road situations. The following
questions remain to be answe r ed.
11.1 Is it possible to use traffic safety criteria? Can and s hould be

accounded for external circumstances? If so, how can this be
done?

11.2 To which extent should traffic safety be used as a criterion for
determining optimum routes? What detour percentage is still
acceptable for a safe route?

11.3 How (un)safe are certain roads, ' locations, manoeuvres, and
situations?

11.4 What dangerous road situations should a driver be warned off?

12. Inrormation on the vehicle condition
With some additional .e.Iec t roni.c equipment, it would be possible to
inform drivers on the actual ' condition of vitual parts of the
vehicle, such as the braking system, the tyres, bhe . lights, the
steering sytem, and changed steering characteristics.

13. Agressive shape
Sharp edges and protruding obstacles on any part of the system should
be avoided. If this is absolute impossible, agressive parts should be
adjusted in such a way that they break off in case of a collision.
For the remote control unit a comfortably located container should be
designed.
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4. SELECTION OF SUBJECTS

4.1 Subjects proceeding from the traffic safety analysis

From the traffic safety analysis (Chapter 3) the following subjects

remai n to be studied:

1. Change in modal split
1. 1 The changes in modal split as a result of the installation of a

Carin system in cars
1.2 The effects of a change in modal split on traffic safety.

2. More dirriculty in estimating travel time
2.1 Ways of estimating the travel time correctly

4. Distraction by route guiding advices
4.1 The distraction of drivers from their driving task by the

presentation of aural route guiding information.
The amount of distraction. The variables that are of influence
on the amount of distraction

4.2 The distraction of drivers from their driving task by the
presentation of visual route guiding information.
The amount of distraction. The variables that are of influence
on the amount of distraction

7. Untimely presentation or route guiding advices
7.1 The length of each of the aural route guiding advices
7.2 The reaction time on aur~l and visual route guiding messages
7.3 The interpretation time for each of the route guiding picto­

grammes
7.4 The time that is needed to execute a necessary action

(decelerating, changing lanes)
7.5 The chan:es that aural route guiding advices are forgotten

9. Illegal route guiding advices
9.1 The reaction of drivers on illegal route guiding advices

11. Avoiding unsare locations and situations
11.1 The possibility to use traffic safety criteria. The possibility

and desirability of accountance for external circumstances
11.2 The extent to which traffic safety should be used as criterion

for determining optimum routes. The detour percentage that is
still acceptable for a safe route

11.3 The (un)safety of certain roads, locations, manoeuvres, and
situations

11.4 The dangerous road situations a driver should be warned off
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4.2 Subjects for further investigation

Overlooking the subjects of the previous paragraph, it can be
concluded that not all subjects will have an equal impact on traffic
safety or are equally weIl to research. For reasons of effectiveness
of the investigation, it will be usefull to give the subjects with a
probable low impact no high priority. Even more as the time for this
investigation is very limited.

Subject 1 (change in modal split) is the first subject that should be
given a low priority. Herefore are three reasons.
First, it is probable that the changes in modal split as a result of
the installation of a Carin system will be smalle For private persons
who buy a Carin system will be mainly drivers who already make many
vehicle kilornetres yearly. Furthermore, many buyers will not be
private persons but transport firms, car rental agencies, or public
services like the police or the fire brigade, who can not choose a
means of transportation but have to use cars or trucks anyway.
Second it can be assumed that the total effects of a change in modal
split will be small: a shift from public transport to car transport
may result in a negative contribution to traffic safety, but an
avoidance of pre- and after-transport to get to and from stopping
places could give a positive contribution. It is likely that the
total effect is not far from zero.
Third, it will be very difficult and time-consuming to research both
the change in modal split and the effects of such a change in modal
split. Herefore information would have to be gathered on the means of
transportation before the installation of Carin, inclusive all pre­
and after-transport , the risks of those transport chains, and the
risks of car driving after the installation of Carin. Furthermore, no
average risks should be used for the calculations, as this would make
the results highly inexact. The risks of the different journeys would
have to be differentiated to routes and times of journeys.
Summarizing the above, an investigation on any changes in modal
split, would probably be very time consuming and pointing out that
the effects on traffic safety are very small, if there are effects at
all.

The second subject that will be given a low privity is subject 2
(estimating travel time). For it will be very time-consuming to come
to a correct and reliable estimation of the travel time. This would
probably necessitate an extension of the number of road classes and
measurements of speeds that can be driven on each road class in each
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11.4 The dangerous road situations a driver should be warned off

Between the above subjects, distinction has to be made into subjects
that have to be researchd ex tensively and subjects that are already
weIl known and for which it is sufficient to study a few of the many
works that have been written on them. Ta the latter group, for which
an abridged literature study wi l l be sufficient, belang the subjects
7.2 (the reaction time on aural and visual route guiding messages)
and 7.4 (the time that is needed to execute a necessary action).
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5 RESULTS LITERATURE STUDY

A list of the literature that has been studied on the selected
subjects (see Chapter 4) is given at the end of this report.
These articles and reports were selected through the International
Road Research Documentation system on the basis of the abstracts.
The results of the literatur e study are discus sed per subject. In
this chapter no conclusions or effects on the Carin system are given
yet. Any conclusions or opinions are derived directly from the
studied lïterature. The evaLuat Lon of the resul"ts is carried out in
chapter 6.
A detailed description of each studied report and paper is presented

in part IB of this report.

5.1 Distraction by route guiding advices

4.1: The distraction of drivers from their driving task by the
presentation of aural route guiding advices

In many of the studied reports and articles it is stated that aural
information distracts drivers less from their driving task than the
same information presented visually. This statement is made either on
the basis of previous researches (Behrendt, 1985 and Priest, 1980) or
on the results of own research (Holloway and Wright, 1980)
Hol16way and Wright carried out three laboratory experiments in which
subjects performed a simulated driving task (steering a model
aircraft over a moving paper and pressing a foot pedal to indicate
the detection of a ! s flash of one of a set of peripheral lights).
During the test the subjects were presented roundabout information
both visually and aurally. The information was allways preceded by a
warning tone. The subjects were to recall the correct destination and
exit. The tests were carried out both a- large and with a small
preview time for tracking (with and without anticipation)
Although it is questionatile wether these testing conditions are
sufficiently representative f'or- the driving task in real traffic,
they are nevertheless usefull in indicating the workload necessary
for processing route information.
The workload turned out to be heavier for processing visual inform­
ation than for aural information. On one hand, the results showed a
greater decrement in "driving" performance at the presentation of
visual messages than at the presentation of aural information. On the
other hand, the subjects' compensation for the additional workload of
processing route information was greater when the visual · messages
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were on than when aur-aL messages were presented (figures 5. 1 and
5.2).
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The researches of Holloway and Wright showed that even simple
auditory messages , involving only the recognition of a specified
word, may cause drivers to slow down or suffer some loss in tracking
accuracy. The r-esuft.s .al 'so served to emphasize that it is not simple
the occurrence of the auditory message which affects performance; a
more critical factor is what the listener does to the message, i.e
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the amount of cognitive processing involved. As the complexity of the
auditory messages increases, so both peripheral vision and tracking
accuracy deteriorate. Clearly " auditory information transmitted to
drivers should be designed to require very little thought or inter­
preta tion by the driver before it can be understood and acted upon.

The arnount of dis t r ac t i on is probabl y very dependent on age and s ex.
When i nves t i ga t i ng the distraction of car radios, Knust (1972) found
that ninetyfive percent of all tested women (3458) declared to be
distracted by car radios to the extent of switching off the radio
when driving on a motorway or a secondary road. They were distracted
both by music and by the spoken word. In contrast with the previous
findings, young male subjects declared to be even stimulated by
music.
Elderly male drivers declared not to be disturbed by light background
music, even at high speeds. These drivers also declared that heavy
music or the spoken word did distract them.
This seems to correspond with the findings of Holloway and Wright, as
it is likely that the amount of cognitive processing is greater for
heavy music and the spoken word than for light music.
Michaelis (1980) stated that as voice synthesizers are a model of a
human speaker, .al"ong with the actual wordsal"so the tonal aspects of
the speaker's voice are captured and that it is absolutely essential
to learn to evaluate these nonverbal cues, as these also determine
the acceptance of the system by the user and the amount of dis­
traction caused by them.

4.2: The distraction of drivers from their driving task by the
presentation of visual route guiding advices

The workl"oad for processing vtsual. information is greater than for
processing aural information (see the above). The findings of
Holloway and Wright (1980) suggest that the processing of visual
roundabout information imposes such a workload on subjects that no
other heavy workloads like peripheral detection can be executed
simultaneously. The presentation of visual information caused both a
decrease in speed and an increase in tracking errors. However, the
amount of cognitive processing required for the interpretation of the
visual information was probably high, as subjects were to read and
name the place the correct exit was pointing at.
Next to the report of Holloway and Wright, the report of Blaauw
(1984) is the only one in which research has been carried out on the
affection of driving tasks by the presentation of visual information.
Unfortunelately for this literature study, "Blaauw has only studied
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the effects on the tracking task and has paid no attention to the
task to watch the other traffic and the environment and react timely
and adequatelY.
Blaauw finds a deterioration of the tracking task at night for
experienced drivers who simultaneously have t o perform .a IOngitudinal

t ask, He ascribes this to the fac t that during dar kness the visual
field is deteriorated and , as a r esul t, driver s have t o estima t e
their velocity primarily t hr ough observations of t he s peedomet er ,
during which no visual information can be gathered on lateral· vehicle
control.
An indication for the kind of pictogramme which distracts drivers

least, is given by Gàler, Baines, and Simmonds (1980). An investig­
ation on speedometer displays showed that a digital ·di s pl ay was more
distracting than an ordinary anaLogf.caI' one, ..although the digital
display performed better on the accuracy of reading. This may be
expLafned by the amount of cogni tive processing required, which is
likely to be greater for the digital display: each time the display
has to be read and it has to determined whether the velocity is under
the speed limit, whereas on ordinary speedometers this can be
determined with a quick rook through the direction the speedometer is
pointing at.
The remaining reports on the effects of visual information in cars do
not relate the distraction by the vf.sual information to the tasks a
driver has to perform. They in- or explicitly pose that driving is a
visual" task and thus the time that is spent any additiQnalvisual ·
task has to be minimized. Therefore many of the remaining reports are
directed towards minimizing the interpretation or reading time for
visual messages.
Sometimes a maximum time is mentioned in which a visual message
shoul.d be .able to be interpreted, however without explaining the
values of these maximum interpretation times.
Behrendt (1985) e.g. stated that the visuàl" presentation that has
been tried until · now, resul ted in a distraction of the driver of
about 3 seconds or more, whereas ·.orll"y 1-2 seconds at the most can be
tolerated. In general, visual presentations should be interpretable
with .onlY an occasionaI look.
Erke, Richter, and Richter (1974) found interpretation times for
certain direction signs of 3-5 s, which were found for too long.

Two indications for maximum interpretation times can be found in the
report of Blaauw. FirstIy, the report presents mean interpretation
times for speedometer readings of 0,5 and 0,8 s, which are generally
regarded as an acceptabl"e form of distraction. However, it must be
realised that normally drivers can choose the point of time at which
they watch the speedometer fr.eely, whereas they will be more or less
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forced t o. rook at a route guiding pictogramme , r-egar-dl 'ess of the
traffic situation or the environment. This is even more important as
the results of Holloway and Wright suggest that subjects are waiting
for easier stretches of track when this was feasible: when the visual
message was presented for 3 s, the mean response ratency was 1,1 s,
where it was 1,5 s when the message was presented for 10 s .
This is con firmed by Prentice (1974) who sta tes tha t as a result of
the relati ve long time it takes to read an ordinary speedometer,
drivers do not rook at their speedometer in heavy traffic or during
difficult manoeuvres. In contrast to Blàauw, Prentice reports of
average speedometer reading times of 1,6 s.
Secondly, Blaauw showed that drivers were still "quite able to control

their vehièTe when their vision was .v.ol un t ar y occluded during certain
periods of some seconds. The found occlusion times which drivers
volontary imposed upon themserves varied with speed and driving
conditions (figure 5.3).
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Furthermore, Blaauw found, and this was confirmed by other studies,
steering wheel reversal ra tes with dominant peaks in the frequency
range of 0,1 - 0,3 Hz, indicating that drivers undertook a steering
correction every 3,3 - 10 s and sometimes every 1,7 - 3,3 s (and thus
had been watching the road ahead ) , However, it must be taken into
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account that these values were registered during the performance of a
tracking task only. Drivers did not have to carry out any tasks to
watch the traffic and the environment and react on it.

More information on interpretation times and ways to reduce this time

can be fo und in t he next par ag raph (7. 3: the interpreta tion time for
each of the visual r oute guid i ng pictogr ammes) .

5.2 UntimelY presentation of route guiding advices

7.2: The reaction time on aural -and visual route guiding messages

Most information on reaction times has been gathered from the
extensive report by Triggs and Harris (1982). The most important
conelusdon that can be drawn from their works, is that there is no
such thing as the basic reac tion time of drivers on roads.
According to Triggs ans Harris, the reaction time increases if

the number of possible alternatives that can occur rises and the
distinction between the -al"ternatives decreases.
the required accuracy of respons increases.
the "depth of processing" invoIved (amount of cognitive process­
ing) increases. For instanee, purely physical changes in simplé
stimuli are coded faster than symboIic infonnation. Symbolic or
pictorial information is processed faster than verbal information,
as l"ong as the symbols used are highl"y familiar and legible.
the association between input stimulus and response codes becomes
smaller.
the expectancy and prepatory processes decreases.

Added to this list can be the following circumstances, mentioned by
Meyer (1978). The reaction time increases if:

it iS -Iess distinct which - reaction to a stilÏlliIus is the correct
one.
if a driver has less experience in a particular situation.
the_-T engt h of time between a forewarning and an event iS. ' Iess
known.

Meyer further states that reaction times can be reduced by correctly
used warning s.igna Ls , a.l't bough littl"e is known on the desired
duration, conspicuousness, and frequency of the warning signal.

Many values have been given for the actual 'Lenght of reaction times,
but smal1 values should be treated carefully, because they are
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usually the result of laboratory studies which are not always
applicable in actual traffic situations.

Triggs and Harris explicitly distinguished values from l"aboratory
studies, simulation studies, and in-vehicle studies.
The values fo und in the _labora t ory studies varied strongTy (=. 500­
2200 ms ), dependi ng on the condi t i ons (ki nd of stimul us, background
di str ac t i on , and the like). The desi gn response time standard of 2500
ms was found to be suitablè.
In most of the simulation studies, subjects were required to brake
after the presentation of an unexpected stimulus. The drivers' brake
reaction times were found to vary from 500 to 1500 ms. These values

are expected to be lower than in real life situations. Herefore are
two reasons. First, the subjects only had to perform a simplè
stimulus-reaction task (in real life a driver has to perfarm many
additional tasks and the required reaction on a stimulus is not al­
ways immediately clear). Second, the subjects were in an experimental
setting and for that reason can be classified as having areasonabIe
levël of alertness. Simple reaction times were found to increase
reliably with age. Mean values of 438 ms were found for 15-19 year
olds and 522 ms for 65-69 year olds.
In-vehicle measurements have been conducted both on closed tracks and
on public roads. Often referred to in traffic accident and engineer­
ing literature are some ear-Ly reaction time data reported by the
Massachusetts Institute of Technology (M. IeT.) (1934). The reaction
time when the driver responded to the brake lights of the leading
vehièle was 640 ms on average, with 5% of the observations exceeding
1,0 s. A noteworthy result was that one driver in five had response
times exceeding 1,0 s on occasion. The reaction times tended to be
shorter for audible (warning) signaIs. Normann (1953) also found a
95% limit of the brake reaction times to be 1,0 s. However, his test
subjects were alerted and young. LaureIl -and Lisper (1978) required
subjects to react by pressing a switch on which their foot al ready
rested. The mean reaction time to an auditory signal -was 450 ms. This
value increased after continuous driving over a ' l ong periode The
increase was greatest for the inexperienced drivers.
The reaction times as presented above comprise of a time for the foot
movement between accelerator and brake pedal. Mean movement times
have been found of 149 ms for mal es and 194 ms for females for
coplanar accelerator and brake pedals and 309 ms for brake pedals
that are higher of the floor than accelerator pedaIs. The values wer e
not significantly related to the lateral distance between the pedaIs.
No data have been found to comfirm or deny that reaction times are
related to speed.
Several observations of real world driving have been conducted.
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However, the restiYts tend to be very much dependent on the measuring
conditions: values varying from 479 to 4900 ms have been found.
In spite of this the literature review did show that data obtained in
unalerted conditions on rural roads yielded much higher reaction time
va lues than the estimates from laboratory studies or- when subjects

were alerted.

To expand the range of relatively unalerted reaction time situations
studied in r-ur-aI ' or- semi-rurál" environments, Triggs and Harris con­
ducted some reaction time measurements themselves.
Stimuli were presented on suitabIe crests or in horizontàY curves, on

which the point of the road was identified where car drivers could
first observe the stimtiYus provided, and on 'YevèY crossings where red
lights were actuated on the approach of a vehicle.
Stimuli presented to the drivers in the curve or on the crest were
signs, police car-s on the shoulder, vehicles with tyre change in
progress protruding on the road, speed control through amphometers,
and car following (measuring brake response times to the brake lights
appearing on the Ieading vehicIe).

The results of the experiments show a great variation (figures 5.4,
5.5, 5.6, 5.7, 5.8, 5.9, 5.10, tabIes 5.1, 5.2).
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Figure 5.4: Amphometer braking response times at Beaconsfield site
(n=35, mean=2.46 s, standard viation=1.04 s , skewness =
+0.25); (source: Triggs and Harris, 1982)
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Figure 5.5: Amphometer braking response times at Dandenong North site
(n=100, mean=2.45 s, standard deviation=0.92 s, skewness
= -0.03); (souree: Triggs and Harris, 1982)
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Figure 5.6: Amphometer braking response times at Gisborne site (n=85,
mean=2.54 s, standard deviation=0.66 s, skewness = +0.34)
(souree: Triggs and Harris, 1982)



100
90

~
80

0 70
UJ 60>- 50~

«
.....J 40=>
L 30=>
u

20
10
0

0

-36-

AMPHOMETER
( TYNONG )
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Figure 5.7: Amphometer braking response times at Tynong site (n=485,
mean=1.75 s, standard deviation=0.70 s, skewness = +0.64)
(souree: Triggs and Harris, 1982)

Table 5.1: Amphometer reaction results (souree: Triggs and Harris,
1982)

AMPHOHETER REACTION TIME RESULTS

SITE RESPONSE NIlMIlER OF KEAN STANDARD SKEWNESS
RATE RESPONSES DEVIATION

Beaconsfield 30% 35 2.468 1.048 +.250

Dandenong North 24% 100 2.458 0.928 -.027

Gisborne 12% 85 2.548 0.668 +.340

Tynong 31% 485 1. 758 0.708 +.637
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Figure 5.8: Cumulative reaction time distributions for railway level '
crossing signals for both the general driving population
(n=171, mean=1.18 s, standard deviation=0.36 s, skewness
= +1.36) and a rally driver group (n=91, mean=1.14 s ,
standard deviation=0.34 s, skewness= +1.80) (source:
Triggs and Harris, 1982)
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Figure 5.9: Cumulative reaction time distributions for railway level
crossing signals during daytime for the general driving
population (n=104, mean=1.77 s, standard deviation=O.84
s, skewness = +1.22); (source: Triggs and Harris)
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Figure 5.10: Cumulative reaction time distributions for brake light
signals on leading vehicles when car following (n=42,

mean=0.92 s , standard deviation = 0.28 s , skewness =

+0.46)

Table 5.2: 85th percentile reaction time values (source: Triggs and
Harris , 1982)

. C.R.B. "Roadworks Ahead" Sign 3.0s

Pro t ruding vehicle with tyre change 1. Ss

Lit vehicle under repair at night 1. Ss

Parked Police Vehicle 2 .8s

Amphometer : Beaconsfield 3.4s

Amphometer : Dandenong North 3.68

Amphometer : Gisborne 3.6s

Amphometer : Tynong 2.54s

Railway crossing : Night (General Population) . 1.50s

Railw3Y c r os s i ng Night (Rally drivers) 1 .50s

Railway crossing : Day 2 .53s

CBr following 1.26s

The response time greatly depends on the type of situation, the
degree of urgency, and the speed of the vehicle. In more urgent res­
ponding situations, most unalerted drivers have shown themselves
capable of responding in Iess than 2,5 s , An increase in response
time can reliably be predicted for situations where the critical
stimulus is not as discriminabIe , more couprex in structure, or
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requires a greater change in cognitive set in order to be responded
to.
Driver response times can be expected to frequently exceed the
commonly accepted design value of 2,5 s. Excluding the car following,
seven of eleven situations produced 85th percentilé values above 2,5

s (tabIe 5.2), and four of these had values of 3,0 s or more.
Discriminability of a stimulus played an important role in the
recorded reaction times. During the day, the reaction times to flash­
ing railway signals were approximately 50% higher than at night
(statistically significant).
The effects of vehicle speed are demonstrated by the amphometer speed

control and railway-crossing data. Overall, drivers of higher speed
vehicles responded faster than those at lower speed. This effect may
not have been due to greater .al"ertness .. levels only. Faster drivers
may have adopted a different criterion f'or- the urgency of braking
required. Differences of up to 500 ms were found in the study.
Urgency of the response situation has been found associated with the
response time.

The brake reaction times that were mentioned in the reports of
Berkvens (1976) and Leijns, Meiland, and Klein .Bal"tink (1979) are not
different from the values found by Triggs and Harris.
Gatling (1975) found mean reaction times of 5.76, 5.76 and 5.58 s for
the low urgency task to tune into a radio station after the present­
ation of three different alerting signs located alongside the road.

7.3: The interpretation time for each of the route guiding
pictograJlllles

Of course no information could be gathered on the actual interpret­
ation times of the Carin route guiding pictogrammes, but much inform­
ation was received on ways of reducing the interpretation times
through an adequate styling methode

General information on search times was received through Carter' s
report ( 1979) on the effects of cólor coding, target . class size,
target position, and number of background items. In a laboratory test
subjects were to indentify a target name in number of names on a
display.
It was found that search time was reduced by more than 90% when color
coding with target .cl"ass size was used on displays with density 60,
compared with the time to search the same displays without color

(TabIe 5.3).
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Effects of target class size and display density
(souree: Carter,1979)

display target class size black&
density 10 30 whi t e

30 0.97a 2.33 4.82 5.6
60 1.02 2.81 5.66 11.62

a Mean search time in seconds, n=648

In tab1e 5.3 it can be read that search times are a1so re1ated to the
density, due to the number of background items (density minus target
class säze ) ,

In a second experiment it turned out that the mean search times were
completely unaffected by the number of background items when their
color was of high contrast with the target color. However, background
items produced a considerable effect when their color was simular to
the color of the target.
The position of the target colored items did affect search time. When
the target was in a pattern, it was found in about the same amount of
time as required on a random display. When the target was out of the
pattern it was found faster.

A number of reports dicussed the time necessary for reading a list of
names or recognizing one particular name in a list.
Although reading a message requires a greater amount of cognitive
processing, the general conclusions of these reports may nevertheless
be applied to the interpretation of pictogrammes as both are concern­
ed with the retrieval of information from a display.
Tt was found by Dudek ( 1979) that reading time of a display is
affected by the driver' s task load, message Load, message length,
message familiarity, and display format.
Drivers who have seen a massage often will more than likely tend to
gloss over familiar elements of the message and concentrate on that
part of the message that changes from one situation to another,
whereas unfamiliar drivers must read the entire message.
Jacobs and Cole (1978) researched the searching time for a target
name in a list of names. They found that the length of a word and the
word position were important factors in search time. Words of inter­
mediate length were found less fast then short or- long words. A
location of the target word in the fourth position of a nine name
stack produced the greatest probability of identification. Words at
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the top of the stack were identified sooner than words al the bottom.

The interpretation time for traffic information on variabIe matrix
displays, has been tested by Easterby, Cox, and Hughes (1977). In

laboratory tests with a simulated driving task response times on the

presentation of symbols were tested. It turned out that the dif­
ferences were small and probably not a t t r i butable to any perceptual
features of the symbol (figure 5.11), but depend more on aspects of
response modality used in each of the studies.

I SYMBOL ISLiPPER Y SHEO QUEUE 2 WAY WIND

I
I ROAD LOAD lRAFFIC

I
i

RESPONSE\~I~~&~
I

I TYPE ~ ...

Verba l response 2.03 2.26 2.52 1.90 1.95
time. (Secs)

Behavioural res-)I 3 .94 3.36 3.97 3.67 3 .38
ponse time (Secs)

SYMBOL REDUCED ACCIDENT ANIMALS FLOOD BREAK-
VISIBILITY DOWN

& 8 ~~i
RESPONSE\A </~~~.~ ..'TYPE 0'::::_::::"..... - - -,' ,

Verbol response 2.62 1.86 1.85 2.49 2 .19
time. (Secs)

Behovioural res- 5.41 4.33 3.99 4.85 3.95
ponse time (Sees)

5 Subjects
5 Repl icotions

No si!1'jfjcant differenees

Figure 5.11:Simulated driving task: mean response times (souree:
Easterby, Cox, and Hughes, 1977)

The interpretation of symbolic route guiding information has been
discussed by Jansen (1979) and Erke, Richter, and Richter (1974).
Jansen conducted a literature study on route planning and guiding.

The main conclusions he drew from investigations in the United States
are the following:
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1. Route guiding pictures should not be applied for the represent­
ation of complex situations. The impression exists that pictures
can be used when unexpected manoeuvres are required, on condition
t ha t t he pictures are simpIe.
An i mportant study on this subject was carried out by Eberhard and
Berger ( 1972 ) who compared f i ve route guiding conf igurations ,
among which three with pictures (figure 5.12, table 5.4).

S() () f{T r: ( )N F1 ·~; r J n I\T!E:

Sys teem: Co Ll ec t , /di s t r . Direkt opee il- Linke r HllJlipe le Vork Klavctblad
vo Iqoudo keu zE'- af r i t n f r i t t PIl

punten

Konventioneel WW DO [1[JJC] OJGJD DD [JOJO

~GJGJ C3I, x,1 DO I; ,I I, x,IAangepas t , , , I
konventioneel

x

~ Es., ~ ~
x

bPerspek tiv i sch 1:1x
tVogelvlucht t , p-x '-1- ~ yx

, x
•Perfo rmance , ~, k x{

I ~ yx rgericht x
Figure 5.12: Route guiding configurations and road situations used by

Eberhard and Berger (1972).
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Percentage of correct Iane choice as a function of dif­
ferent route guiding configurations and road situations

Soort kon f igur atie :

Systeen Collect . Di rekt op- Llnker ~lultiple Vork Klaver bl ad
di s t.r . v c Lg er.ce afrit a fri t.t en

keuzepunt.en

Konven t ioneel * 88 86 88 82 *
Aange pas t kon- 54 94 96 88 72. 78

vention ee l

Perspe ktivis ch 50 98 86 18 88 50
Vogelvl ucht 10 96 96 82 92 54
"Per r oz-r.ance " 40 92 94 82 92 64- .-

ge.ri ch t

~ Gegeve~s ver~i jderd O~Qat. de betreffen~e bo rden niet exakt aan àe
kon ve nt i onele s t.andaard voldeden .

Especially in oomp.l'ex situations like t he eIover-Leaf and the muIti­
gore the guiding with pictures turned out to be less succesfull 'than
the conventional way of route guiding.
The results of Eberhard and Berger are supported by those of Mast and
Kolsrud (1972): very complex junctions are faced with the impossib­
ility to design a picture that is both simple and an exact represent­
ation of the geometry; most advantage of route guiding pictures is to
be gained at Ieft exits.

2. Drivers need more time to understand route guiding pictures than
conventionaI signs. Besides, the time necessary to "read" the
pictures becomes larger more than linear with the compléxity of
the picture.

3. Pictures can sometimes give usefull 'addi t i onal information on the
geometrie situation.

4. Out of the investigations, four conclusions can be formulated:
The pictures must give only that information that the drivers need
to be able to execute a manoeuvre.
The amount of information given by a picture s hould not be too
great.
The components of the picture should form one figure.
The most important road should be accentuated visually.
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Erke, Richter, and Richter tested styling methods for direction signs
(figure 5.13).

f " ~"-':~~;~.:--;.~, ,\~:~·:~;;:~~(:;~~~~~i:.,!r'\"'~:=~<:/~ ~ -
. .. _ . , .~. _ . 4 ' ~ P o . ... ..; • • • : \: .~:'27;~ , '.':~ ~ ~ ~: .: ~ ..
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~
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t
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Figure 5.13: Tested direction sign style (souree: Erke, Richter, and
Richter)

The resul ts showed that the interpretation times for the direction
signs in the styl"e of figure 5.13 varied from 3-5 s, which was
thought much too high in heavy traffic. The representation of the
lanes was difficult to understand for the drivers.
It turned out that stylised direction signs needed a shorter
interpretation time than quasi-geografie ones, that separation of
color coded names from the remaining names only leads to shorter
interpretation times with preinformed test subjects, and that
vertical separation is bet ter than horizontal separation. Both the
direction signs of figure 5.14 turned out to be favourable.
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Figure 5.14: Favourable direction signs.

The direction sign of figure 5.15 turned out to be less favourable
for a quick interpretation. Besides, this configuration turned out to
provoke interpretation faiIures.
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i
~ ......Jl

Figure 5.15: Less favourable direction sign

In general it was found that an explanation on the configuration
style improves the interpretationof the test subjects and enables a
bet ter differentation of the configuration styles.

7.4: The time that is needed to execute a necessary action

On the time that is needed to execute a necessary action, little
information has been found. This is probably due to the character of
the actions, which is still comfor~able and gradual; more interesting
are generally extreme situations in which emergency braking or
swerving is necessary.
Most information that was received had a general character. Lt was
put forward by Dudek (1979), that routing and lane assignment must be.
given in ample time for drivers to respond to instructions. Lane
as~ignments must be made far in advance of the turning point and far
enough upstream of any possible traffic queues. This means that under
heavy traffic conditions, the lane assignment information must be
given far away from the turning point as compared to light flow
condi tions.

The time to move the foot from accelerator pedal to brake pedal can
be fixed at 300 ms, which is the maximum mean movement time as found
by Triggs and Harris. The actual value of the movement time is of no
importance however, as this value was allready substracted from the
reaction time on visual messages.

7.5: The chances that aural route guiding advices are forgotten

In the United states a number of studies have been carried out on
message retention in the framework of experiments with Highway
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Figure 5.16: Percent of subjects making a route error as a function
of message Iength (source: Gatling, 1975)
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It can be noticed that Gatling's retention rates are much lower than
those found by Dudek, Huchingson, and Stockton. This may partIy be
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caused by the differences in retention methode Gatling's figures are
based on unaided recall ~ wher eas the retention rates of Dudek C. S.

were based on the ability of subjects to actually drive a presented
detour route.
Therefore Gatling conducted a second experiment in which the reten­
t i on of the messages was tested through sl i des that we r e projected in
front of the sub j ec ts. Some of t he slides contained a uni t of inform­
ation that was mentioned in t he audi tory message and the others di d
not. The subjects were to state of each slide whether it contained
some of the aural information. Throughout the experiments the
subjects drove on the right lane of a highway. The resul, ts of the

experiments are displayed in the figures 5.18 and 5.19.
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Figure 5.18: Percent of subjects making a route error as a function
of message length (source: Gatling, 1975)

In comparison with the figures 5.16 and 5.17, it can be seen that the
retention was indeed better than in the first experiment, _although
still much lower than the figures of Dudek c.s.
This may be explained by differences in the methods. Gatling tested
the recollection of distances and route and exit numbers on subjects
that had not been given an itenerary, whereas Huchingson c.s. tested
the retention of street names on subjec ts that knew their route.
This positive effect on retention rate of knowledge of the itenerary
is confirmed by experiments of Wagenaar en Visser (Labiale, 1984) •
They found that on average subjects recollected 3.2 units of inform­
ation without itenerary against 7.5 with route plan.
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The age of the subjects was of influence on the recaIl rate also.
From the results of Gatling's experiments (see figure 5.20) and from
previous literature, it is Iikely that older drivers wiIl demonstrate
significantly less retention of auditory messages than younger
drivers.
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Figure 5.20: Percent of subjects making a route error as a function
of messagè Iength and number of repetitions. -Older vs.
young; singlè presentations. (source: Gatling, 1975)
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The influence of the contents of a message was tested by Gatling
aFso ,

36 Test subjects were presented two long auditory messages ( 10 units
of i nf orma t i on) • The first message contained f ive route and exit
numbers and the second mes sage only one . The res ul ts showed t hat the
information with few numbers was ret ained far be t t er than the i nf or m­
ation with many numbers. On ave rage 7.2 units of information were
retained from the message with one route and exit number against 4.1
from the message with five numbers.

Wagenaar and Visser (Labiale, 1984) found simular résults.

5.3 Avoiding unsafe locations and situations

11.1: The possibility to use traffic safety criteria /
11.3: The tmsafety of certain roads, lócations, manoeuvres, and

situations

The traffic safety in the county of Noord-Brabant in the Netherlànds
has been the subject of an extensive study by the Dutch Institute for
Traffic Safety Research SWOV, that was started in the mid seventies
and l"astet about 10 years. The aim of the research was, besides to
reduce traffic unsafety on short notice, to find relations between
road, traffic, and accident characteristics for the long term
plànning. The research was carried out on all roads outside
residential- ar-eas ,
Out of a series of 10 reports on this research, 4 have been selected
for this literature study (Hoek, Oei & Poppe, 1981; Poppe & Oei,
1984; Stichting Wetenschappelijk Onderzoek Verkeersveiligheid SWOV,
1984-1 & 1984-2).

In general , the resul ts of the analysisses can be summarized along
two main lines: the compl"exity of a traffic situation and the
expectancy or attention level of traffic participants. The effects of
complexity were most evident at the traffic flow characteristics.
Out of the research, it followed that the traffic should be
concentrated as much as possible on roads with high traffic flows and
abandoned from roads with li t tIe traffic. Traffic safety measures
should be different for different roads. On roads with high traffic
flows, continuity of road and traffic characteristics should be paid
priority to. Disturbances shöuld be avoided as much as possibl"e and
junctions should be alike. On quiet roads the effects of continuity
were Leas prominent and there measures for raising attention levels
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were likely to have more effect.

The analysisses of junctions indicated that many accidents happened
on Lar-gen junctions with traffic lights and with many potential
conflict points. Crossroads were more unsafe than T-junctions, which
was explained through the greater number of possibIe conflict points.
The characteristic "presence of traffic lights" turned out t o be
dominating.
On junctions without traffic lights the traffic flows turned out to
have different effects on T-junctions than on crossroads. On T­

junctions accidents had happened at high motor vehicle flows in the
main direction and high motor vehicle flows in the minor direction.

On crossroads a high number of accidents was accompanied by a high
motor vehicle flow in the main direction , but :a ' low motor vehicle
flow in the minor direction, and a high flow of cyclists and moped
riders in the minor direction.

For each of the road types and junction types without traffic lights,
the analysisses yielded the following data.

Roads prohibited for slow traffic, cyclists and moped riders
Characteristics that were found to be related to a high accident rate
per km are:
- a high median motor vehicle flow

the presence of public lighting .àlong a main part of the stretch,
although accidents at night, dusk or dawn took place mainly at
roads ,without public Iighting
a small median distance between obstacles
a great varianee of the motor vehicle flow
many succeeding junctions with and without left and right exit
lanes

- a high road category
- a small pavement width
- many small junctions.

Roads accessable for all traffic
On roads for all traffic many accidents took place in situations
with:
- a high median motor vehicle flow

light traffic flows on crossing roads
a small"median distance between all crossing or merging places
the presence of public lighting along a main part of the stretch,
although accidents at night, dusk, or dawn frequently occurred when
there was no public lighting
a high cycle and moped flow
a high road category
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- a main part of the stretch with concrete pavement
- locations with brick pavement
- a relative long part of the stretch with two lanes
- many succeeding junctions with and ~ithou t left exit lanes
- many smaller junctions that are hardly visible
- small curve radii

The influence of the sight distance is ambiguous. In gene ral it was
found that lesser sight distances and a small number of divisions
into halves of the sight distance were related to a high accident
rate per km.

However, head-tail accidents and head-side accidents frequently

occurred on roads with heavy traffic flows and good sight distances.

Single-carriageway "autowegen"
As aresultof the few single-carriageway "autowegen", the resul ts
were not always very clear.
The accidents mainly happened at locations that were less good than
the other parts of the same road: in curves, at overtaking
prohibitions, at speed limits, and at small sight distances.
Head-side accidents may happen at small sight distances on smaller
junctions.
Accidents at night, dusk, and dawn did not happen especially at
locations without public lighting, but did happen at heavy traffic
flows during dawn or dusk.

Dual-carriageway roads
In general, accidents on dual-carriageway roads were not concentrated
on a few locations, but rather spread out. They mainly happened at
locations where a change in the homogeneous road characteristics took
place: at bad sight distances, at overtaking prohibi tions and in
curves.
Safe curve radii on moto~lays should have lenths of 1500-3000 m. On
"autowegen" the safe lengths should be greater than 1000 m.
The absence of crash barriers in the central -reservation was reláted
to fatal accidents, especially at locations with good sight distances

but the absence of public lighting.
Head-side accidents mainly occurred at smaller junctions.
Head-tail accidents were mainly related to congestions.

Roads with less than 4000 motor vehicles per day
The most important characteristics that were related to a high
accident rate per km are:
- a high median motor vehicle flow (within the category below 4000

per day)
- the presence of public lighting on a main part of the stretch
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- a main part of the stretch with obstacles on 'Iess than 1,5 m from
the pavement

- many lanes accessable for all "t r af f i c
- a main part of the stretch with two Ianes
- a high road ca tegory

- a gr eat variance of the motor vehicle flow
- a smal l median distance betw een obs tac l es

Roads with motor vehièIe flows between 4000 and 8000 per day
The accident-related characteristics on roads with intermediate
traffic flows are the fol16wing:
- a small median distance between all crossing or merging places
- many succeeding junctions with and without traffic lights
- the presence of public lighting along a main part of the stretch
- a small number of lanes for alltraffic
- a low motor vehicJe flow (within the category 4000-8000 per day)

Roads with median traffic flows of over 8000 motor vehicles per day
Many accidents on roads with high traffic flows are related to:
- many major junctions with a right of way
- many lanes prohibited for slow traffic, cyclists, and moped riders
- a great part of the stretch bèIonging to a junction
- many succeeding junctions with and without left and right exit

lanes
- many junctions with traffic lights

Junctions: vehicles from the same road
Most accidents in which only vehièIes from one of the joining roads
were involved, are head-taïl "accidents. Important for these accidents
are a great road width, the absence of exit lanes, a wide central
reservation, ( 10 m) and no special arrangements for the right of
way.

Junctions: vehicles from two roads at right angles to each other
Distinction was made between crossroads and T-junctions.
On crossroads accidents turned out to be related to:
- great widths of the central reservation 15 m)
- a great width of the right road
- a physical separation of the carriaways of the right road
- a bycycle path along the Ieft road that crosses the right road

separately
- an exit lane for turning left on the right road
On T-junctions the most important characteristics that were related
to accidents are the föll6wing:
- a great width of thèleft road
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the presence of merging lanes on the -left road
- obstacles on the central reservation
- a bad sight distance from the right road on the.left one

Junctions: vehicles on roads that are in a direct Hne with each
other
Most of the accidents of vehicles on two roads that are in a direct
line with each other consisted of a vehicle driving straight ahead
and an oncoming vehicle turning left.
On crossroads the following characteristics played a rOle:
- a high traffic flow on the south-west road
- obstacles along the left side of the north-east road
- obstacles along the Ieft side of the south-west road
- a good sight distance on both roads from 200 m before the junction
On T-junctions accidents were related to:
- a bad sight on the traffic driving straight ahead
- high traffic flows

Janssen (S.T.M.e, 1985) has followed a different method to determine
the safety of roads. He stated that on the basis of the present
knowledge on traffic safety, it is (yet) not possible to give traffic
safety indicator numbers for any combination of all characteristics
and circumstances. Therefore, he made a less detailèd distinction.
With the absense of more accurate data, the distinction has been made
on the basis of road characteristics. Roads were distributed among
seven _classes outside residential areas and two within.

With the available data and budget, accidents could only be distinct­
ed into two groups:
1. accidents with casualties in which only motor vehicles were

involved
2. accidents with casualties in which at least one non-motor vehiclè

was involved

Traffic flow numbers were only available for motor vehicles on the
studied roads, Traffic flows of non-motor vehicles or of crossing
vehicles were not known.

The indicator numbers that were determined are based on the ave rage
number of accidents with casualties per vehiclekilometre driven on
road sections and per junction. It turned out to be hardly possible
to relate the accident number to traffic flows. On1y for road
sections on motorways, moderately usefull functions have been
determined.
The indicator numbers for the estimation of accidents have been
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displayed in table 5.5.
For the estimation of the casualties and deaths also indicator num­
bers have been determined, which are shown in table 5.6.

Table 5.5: Indicator numbers for the estimation of accidents with
casualties; Souree: Janssen, 1985

Kencijfers voor de schatting van het aantalletselongevallen

voor wegvakken per kruisingen per jaar

per miljoen gere­

den motorvoertuig­
kilometers

totaal ongevals-

groep 1

ongevals­

groep 2

autosnelweg
*2 x 2 rijstroken f 1 0,82 0,54 0,29

x 3/4 **2 rij stroken f 2 1,03 0,92 0,11

autoweg bubeko

1 x 2 rijstroken 0,08 0,70 0,54 0,15

2 x 2 rijstroken 0,04 1,27 0,81 0,46

gesloten verklaring bubeko

1 x 2 rijstroken 0,25 0,36 0,24 0,12

2 x 2 rijstroken 0,08 0,68 0,39 0,29
***overige weg bibeko 0,37

***verkeersaders bibeko 1,79

* f 1 = 1,12 x I 0,34. 10-3; bij I 40.000 motorvoertuigen per dag

f 1 = 0,040
** 0,31 -3f 2 1,09 x I .10 ; bij I 80.000 motorvoertuigen per dag

f 2 0,035
*** inclusief kruisingen
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Table 5.6: Indicator numbers for the estimation of the number of
casualties (deaths and injured); Source: Janssen, 1985

Kencijfers voor de schatting van het aantal slachtoffers

aantal slachtoffers~

per letselongeval

verhoudingsgetal doden

per slachtoffer

wegvak kruising

ongevalsgroep

wegvak kruising

ongevalsgroep

1 2 1 2

autosnelweg

2 x 2 rijstroken 1,44 1,41 1,04 0,06 0,02 0,03

2 x 3/4 rijstroken 1,46 1,45 1,00 0,05 0,03 0,03

autoweg bubeko

1 x 2 rijstroken 1,70 1,55 1,08 0,11 0,05 0,17

2 x 2 rijstroken 1,17 1,51 1,00 0,07 0,01 0,17

Gesloten verklaring bubeko

1 x 2 rijstroken 1,42 1,61 1,08 0,06 0,03 0,08

2 x 2 rijstroken 1,22 1,55 1,02 0,06 0,05 0,07

*overige weg bubeko 1,37 0,07

*verkeersaders bibeko 1,13 0,02

* inclusief kruisingen

11.4: The dangerous raad situations a driver should be warned off

According to Wouters (1985) , at the lever of traffic behaviour,
electronics could help the authorities to distribute and guide
traffic flows and detect hazards (traffic control) and to help
individual road users through information on routes, recommended
speeds, the state of the road surface and so on (assisting road
user-s ) •

Often the incorporation of electronics causes same problems. Herefore
are three reasons. First, input data can not always be measured
sufficiently reliable.
Second, for data processing, which includes a good weighing and
decision making, a thorough knowledge is required of the traffic and
the way in which intelligent systems transform input into output.
Furthermore, in order to avoid incorrect decisions, allowance has to
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be made for exceptions.
Third, the output has to be processed in some form for further use.
If the user is human, allowance has to be made for the specific
problems humans have when processing information: problems of
capacity, of discrimination and interpretation and of motivation.

Pr oblems of ca paci t y
The human brain has only l i mited capaci ty available for data
processing, thus humans are inclined to choose all sorts of
subobtimal solutions. This can be overcome by representing the
problem in the optimum way and applying a suitable but complex
decision rule.

Problems of discrimination and interpretation
Perceptual quantities which hardly differ can cause problems of
discrimination. If the infonnation is relevant to several traffic
processes, a problem of interpretation can occur.

Problems of motivation
Information which is not confirmed by the user's experience can
result in the road user ceasing to obey instructions and
recommendations. Distinction must be made between tasks performed
consciously and tasks perfonned perceptually-motorically. In the
lat ter case, infonnation designed for consciously processing makes
less sense.
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6. SUMMARY AND DISCUSSION

In chapter 3 the traffic safety of the Carin car information and
navigation system has been analysed with the phase model of the
transport and traffic unsafety process.

This analysis has brought forth a number of .possi bLe effects on
t r a f f i c safety, both positive and negative. Further study turned out
to be necessary on a part of the found possible positive and negative
effects. This was started with a literature study.
In this chapter will be discussed what information has been received
until now on each of the possible effects, what consequences this has
for (the traffic safety of) the Carin system, and what information
has yet to be gathered. Also will priorities be given on the sequence
in which further investigation should preferably be carried out.

1. Change in modal split
The presence of a Carin sytem could provoke a change in modal split
from public transport to cars. The effects of such a change are
difficult to predict. On one hand, the traffic risks for occupants of
a means of public transportation are smaller than those of car
occupants. On the other hand, the pre- and after-transport to come to
and from stopping places bring about greater risks than car driving.
It is likely that the total effects of in change in modal split will
be small, as the positive and negative effects may, under the present
traffic circumstances, weIl neutralize each other.
It is probable that the changes in modal split as a result of the
installation of a Carin system in cars, will be smal!. For many
buyers of the system will be drivers who already make many vehicle­
kilometres yearly, or transportation firms, car rental agencies, and
public services who can not choose a means of transport, but have to
use cars and trucks anyway.

This subject should certainly not be given a high priority, as both
the investigation on the extent of a change in modal split as the
investigation on the traffic safetyeffects of such a change will be
time consuming and the total effect on traffic safety probably will
be very smalle

the driver, may lead to
This has negative effects
tend to travel at higher

2. Estimating travel time
An underestimation of the travel time by
hurrying when the driver notices his error.
on traffic safety, because hurried drivers
speeds and to take more risks.
In two ways the presence of a Carin system may
estimation of travel time. The first effect

influence the correct
is a positive one:
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through Carin search behaviour and therewith search time can be
avoided. This will eliminate the hurrying of a driver after a search
has taken too much time.

The second effect influences traffic safety negatively. Drivers with
a Car i n system will be inclined t o inform t hemselves less on their
itenerary than drivers without Ca r i n and thus wi ll be less able to
estimate their travel time correctly.
Tt can be considered to search for ways to present correct estima­
tions for the travel time, not based on road classification only.
An adequate intermediate solution will be to present not solely the

travel distance, but also the road types on which the route will be

driven. Thus the estimated travel time can be based on more data and
will therefore be more accurate as the driver can account for road
situations and personal preferences.

To come to a correct, reliable estimation of the travel time will
cost much time. Not only would the number of road classes probably
have to be increased, also would measurements have to be made of the
speed that can be driven on each road class in each country in which
the system will operate. Furthermore, accountance would have to be
made for personal preferences and driving styles.

3. Disc changing while driving
Changing compact discs while driving may under circumstances endanger
traffic safety and should therefore be made impossible. Drivers first
should have to bring their vehicle to a stop before searching for a
new disc and inserting the correct disc into the drive.

4. Distraction by route guiding advices
A driver has the task to keep course, account for other traffic and
the traffic environment, and react timely and adequately.
A driver with a Carin system may be distracted from this driving task
by the presentation of aural and/or visual route guiding advices.

From the literature it follows that aural information distracts
drivers less than visual information. Although it is questionable
whether all testing conditions were sufficiently representative f'or­
the driving task, they are nevertheless usefull in pointing out that
the workload for processing visual information is considerably
heavier than for processing the same information presented aurally.
Therefore, the original intention to have aural route guiding inform­
ation serve as primary information source in the Carin system and the
visual information only as a support, seems justifiable from a
traffic safety point of view.
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Thus, it is important that in the Carin system the visual messages
stay only a secondary information source for cases in which the aural
information does not suffy (completely). Therefore, the presentation
of visual route guiding messages has t o meet two conditions.
Fi r s t l y , visual messages shoul d not be s hown on the flat panel di s ­
play without an accompanying aural route guiding advi ce. Any au r al
route guiding advice, how incomplete, i s better t han no aural advice
at all.
Secondly, visual messages should not be presented before or
simultaneously with the accompanying aural route advice. Drivers
should not be given a choice of information source.

Distraction by aural route guiding advices
Although aural route guiding information Ls .'Iess distracting than
visual information , no proof was found for a total absense of dis­
traction by aural messages. On the contrary: the literature reports
of several cases in which the presentation of aural messages did
distract drivers, depending on the messages and the circumstances.
The amount of cognitive processing required is verv , if not most
important for the extent of distraction: with an increase of the
complexity of auditory messages, both peripheral vision and tracking
accuracy deteriorate. Thus it will be essential that the Carin
auditory route guiding advices transmitted to drivers require very
little thought or interpretation by the driver before it can be acted
upon. The momentarily considered advices (like "take the first
turning left", "take the third exit at roundabout") seem weIl
appropriate.
The age and sex of drivers may play a role also. In a study on car
radios, femàles declared to be sooner distracted than males and
elderly males sooner than young males. It must be considered however,
that these r-esurt.s are not directly applicable to route information
messages, as even the spoken word on car radios is not identical with
the presentation of an aural route guiding advice and the results
were gathered by asking subjects their own opinion.
Furthermore, tonal aspects of the voice synthesizer mayalso be of
influence on the amount of distraction caused by the aural inform­
ation.
The volume level for the aural route guiding advices should prefer­
ably be controlled both by the driver and automatically: the driver
adjusts a particular signal to background noise ratio that t he n is
automatically sustained by the system.

When selecting subjects for a follow-up study, the distraction caused
by aural route guiding advices should not be given prime priori t y ,
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For it is to be expected that the distraction will be
will be little cognitive processing required to
relative simple aural route guiding advices.

small, as there
interprete the

Distraction by visual route guiding advices
In t he Car i n system the visual r out e gui di ng advi ces will be
presen ted t hr ough simple pictogrammes on a flat pan el display. The
lumination of this display has t o be suff i cient f or the driver to see
the pictogrammes in the daylight and yet must not blind the driver at
night or when driving in a tunnel. This requires a variabIe
lumination pattern, controlled by a photo-electric cello

It is to be expected that the extent of distraction by visual route
guiding advices is related to the amount of cogni tive processing
required. However, no confirmation or denial of this hypothesis has
been found in the literature.
It is striking that in the studied literature hardly any relation has
been placed between the task of the driver and the distraction from
this task. In most reports it is im- or explicitly posed that driving
is a mainly visual task and that thus the time that is spent on any
additional visual tasks has to be minimised.

The only conclusion that can be drawn from the literature review is
that under circumstances, the presentation of vi suaI route guiding
information may cause deteriorations of the driving task, On the
variables that influence this distraction hardly any information is
presented.
The remaining reports occasionally mention maximum times in which a
route guiding message should be able to be interpreted. Usually
values of 1-2 s are mentioned but not explained. It must be noticed
however that these maximum interpretation times are not related to
(a deterioration of) the driver task.

Overlooking the minima1 results of the literature study on the dis­
traction of drivers by visual route guiding information and consider­
ing the importance of this subject (regarding the possible
consequences on traffic safety of drivers distracted by Carin route
guiding pictogrammes), it is recommended to give this subject prime
priority in a next study.

5. Avoidanee of search behaviour
One of the main positive effects of Carin will be the avoidance of
search behaviour. Especially under difficult traffi c conditions this
effect of the Carin system will increase traffic safety enormously.
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6. Avoidanee of detours
With the presence of a Carin system, any unnecessary detours will be
avoided and therewith the travel distances limited. As participating
in traffic brings about certain risks, it is evident that if Carin
brings about a limitation of the travel distance, this contributes
positively to traffic safety.

7. Untimely presentation of route guiding advices
The Carin route guiding advices should be presented weIl before a
junction, roudabout, exit road, etc. in order to give the driver
enough time to execute whatever action is necessary.
Sometimes (e.g. on a motorway), it wil! be preferabIe to present
route guiding information at a certain distance before a junction,
c.q. before the first sign posting.
Mostly this condition means that after the start of a Carin aural
route guiding advice there has to be time for the aural advice to be
spoken and for the driver to react, to possibly interprete a route
guiding pictogramme , to react again, and to execute the necessary
action. Each of these time periods are discussed in the following.

Speaking times for aural route guiding advices
The time that is necessary for the aural route guiding advice to be
spoken, depends on the actual advices. In this phase of the study no
values can be given yet. It will be essential though that the speak­
ing times are measured and accounted for in the calculation of the
presentation time of the route advice.
A choice can be made whether for each particular Carin route advice a
calculation is made with the actual speaking time of that route
advice or whether for all route advices a calculation is made with
the maximum speaking time of the longest route advice.

Reaction times
On reaction time lenghts, extensive information has been reeeived
from the literature, making it difficult to attribute a particular
value to the reaction time. For, depending on the testing circum­
stances, reaction times have been reported varying from 400 to 4900
ms.
Distinction has to be made between the reaction time on aural
messages and the reaction time on visual information. Aural
information is likely to be processed less fast than visual
information as the "depth of processing" involved is larger for aural
information than for visual information and drivers wil! be more
alerted when rece~v~ng visual information (they have to deeide
themselves whether they watch the display or not ) , whereas in the
Carin system aural information is simply imposed upon the driver.
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The reaction time f'or- aur-a l, message may, in spi te of the above, be
supposed not to be extreme long. For- firstly the drivers may be
expected to have a reasonable level of alertness (their alertness is
trickered by a dummy word at the start of the aura l advice: "take"
the firstl second •••• ) and s econdl y t he message contains a certain
ur gency as drivers have gr ea t interest in following up the rou te
advice . Regarding these arguments and considering the values that
were found by Triggs and Harris in their field studies, it is
recommended to have the Carin system calculate with a reaction time
on auraI messages of 3.0 s , which is slightly higher than the
commonly accepted design value (2.5 s I, In the tests of Triggs and
Harris the value of 3.0 s was sufficient f'or- all test subjects to
accomplish the urgent reactions and for 85% of the test subjects to
succeeded in the reaction tasks with an intermediate urgency.
The reaction time on the Carin visual messages may expected to be
shor-ter- than on aur-al messages as visual information is processed
faster and drivers will be more alert. It is suggested to calculate
with reaction times of 1,5 - 0,3 = 1,2 s , which equals the maximum
brake response time of alerted drivers in rathel'" urgent circumstances
minus the mean foot movement time from accelerator to brake pedal.
Although the reaction times suggested above are merely hypothetical,
no high priority should be given to a reaction time study. For first­
ly, the reaction times are based on high percentile values. Thus the
chances of the estimations being too low are smalle Secondly, higher
reaction times than suggested can rathel'" easily be compensated by a
shorter time for other time periods, for instance by braking with a
slightly higher deceleration than the very moderate 2 m/s2 •

Interpretation times for visual route guiding messages
The interpretation time for the Carin route guiding pictogrammes can
be minimal through a good design style.
Generally speaking, a way to reduce search time is co l or- coding.
However, it is not to be expected that color coding will be a graet
help in reducing the interpretation times of the Carin pictogrammes
as hardly any searching will be necessary. For- the display will
contain only one pictogramme against a neutral background.
A good indication of easy interpretable styling methods was given by
Erke , Richter, and Richter. Stylized direction signs turned out to
require shorter interpretation times than quasi-geografie ones. Both
the configuration styles of figure 6.1 turned out to be favourable.
The configuration styles of figure 6.2 were less favourable.
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Figure 6.2:Less favourable configuration styles (source: Erke,
Richter, and Richter)

From the above configuration styles it can be deduced that the
configuration of the Carin route guiding pictogrammes should be
simpIe. An advice containing more than one component should
preferably be presented sequentially rather than simultaneously. The
pictogrammes must give only that information the driver needs in
order to execute a manoeuvre, the amount of information given should
form one figure, and the most important road should be accented
visually.
The time to read a picture increases more than linearly with the
complexity. Very complex junctions are often faced with the im­
possibility to design a picture that is both simple and an exact
representation of the geometry. In complex situations like the
clóverleaf and the multi-gore the guiding with pictures is therefore
expected to be less succesfull. Tt is doubtfull whether for these
situations a suitablè pictogramme can be designed for the Carin
system.
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Experience with the route guiding pictogrammes is an important factor
in reducing interpretation t ime. Drivers who have seen a message
often will more than likely tend to gloss over familiar elements of
the message and concentrate on the part of the message that changes
from one situation to another.
To decr ease the level of i nexp erience of novi ce use r s , i t would be
usefull to present each buyer a manua l wi th all pos s i bl e picto­
grammes. Bet ter even would be a presentation of the Carin system on
video tape including all possible route guiding advices.

Times to execute a necessary action
After the presentation of a Carin route guiding advice the driver
will have to brake and/or change lanes. The time period necessary for
these actions will have to be accounted for by the Carin system.
For the calculation of the braking time, the following data are
required: the velocity of the car, the velocity in the bend, the
deceleration, and the foot movement time from accelerator to brake
pedal. Of these values, t he velocity of the car is measured
continuously by the wheel sensors, the deceleration is suggested to
be fixed at the comfortable and safe value of 2 m/s 2, the velocity in
bends follows from the road class, and the foot movement time from
accelerator to brake pedal can be fixed at 300 ms.
The time necessary to change lanes is not easily determined, as this
varies strong1y with the traffic flow intensity. Not on1y wi11 under
heavy traffic conditions the merging in a traffic flow on an adjacent
1ane be more difficu1t, a1so wi11 the route information have to be
given far enough upstream of any possible traffic queues. Further
study on this subject wi11 be necessary.

The chances that route guiding messages are forgotten
The chances on a driver forgetting a route guiding message have been
studied extensive1y in the United States.
The time from the ending of a message to the message recol1ection has
not found to be re1ated to the retention rate (t.he tested time
periods varied from 5 - 45 s).
The smallest error percentage occurred with messages in short sty1e
1anguage as compared to staccato and conversational style. Short
sty1e 1anguage was a1so preferred by test subjects.
As was to be expected, the message load turned out to be the most
critica1 factor in the message retention. The number of information
units that could be recal1ed entirely without errors, va ried from one
study to another. According to Gat1ing on1y two units cou1d be
recal1ed by all test subjects without failures, whereas Dudek,
Huchingson, and Stockton found that 94% of the test subject cou1d
correctly negotiate a diversion route containing six units of
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infonnation. Although the Carin route guiding messages will contain
only one or two units of information, it may not be concluded that
those messages will not or- hardly be f'or-go t t.en , For- firstly the
messages as tested by Gatling and by Huchingson c.s. contained street
and exit names, whereas the Carin messages will contain only numbers
which were found to be recollected less easy than names. Secondly,
age plays an important role also. The percentage of subjects making a
route error was found to be 10 - 20% higher for older people than the
values of younger subjects presented above.
Further studies on the effects of forgotting Carin route guiding
advices need not have a high priority. For it is to be expected that

drivers who have forgotten an aural route guiding advice firstly will
still be aware of an oncoming junction and adjust their velocity to
this situation (they are likely to have forgotten the route advice,
not that a route advice has been given) and secondly will probably
not need more than a quick glance at the visual display to recall"the
route advice that had been forgotten.

8. Obstruction of the driver's view
No part of the Carin system should under any circumstances obstruct
(a part of) the driver's view.

9. Illegal route guiding advices
It will not be possible under all circumstances to avoid Carin from
advicing drivers to turn into astreet where that is not allowed (for
instance the wrong side of a one-way street).
It will be important to at least point out to drivers that the Carin
route guiding messages may be illegal and that the route guiding
infonnation comprises no commands but advices. The driver will have
to check the road, the traffic, and the traffic regulation himself,
just as he did before the installation of the Carin system.
Nevertheless it is likely that drivers start following-up route
guiding advices blindly: aftel' 1000 legal advices they do not expect
the 1001st advice to be illegale This may lead to drivers following
up the illegal advice or becoming paniced when noticing that the
route advice that has just been given is illegale Therefore it should
be made clear that should ever a route guiding advice be ignored, the
Carin system immediately calculates a new route, starting from the
present position.
A further study on the effects of illégal route guiding advices may
be quite usefull.

10. Reaction on a disregarding of a route guiding advice
The Carin system should only infonn drivers of a deviation from the
planned route, on alocation that is so far from the deviation point
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that any correction of the mistake by the driver is not possible. It
is preferabIe to inform drivers of a deviation after the calculation
of a new route and inform them of this new route too.

11. Avoiding unsafe locations and situations

The unsafety of certain roads, locations, manoeuvres and situations /
The possibility to use traffic safety criteria.
In the Carin system traffic safety may be used as one of the criteria
for determining optimum routes. However, the application of traffic
safety criteria is not simpIe, as unsafety is a complex dynamic
process in which the interaction of a series of critical
circumstances leads to an accident.

On accident-related road and traffic characteristics, an extensive
study has been conducted by the Dutch Institute for Traffic Safety
Research SWOV. This study has been carried out in the county of

Noord-Brabant in the Netherlands. The accumulated data, however, are
difficult to incorporate into the Carin programme. Herefore are three
reasons.
Firstly, the data concern physical characteristics (like e.g. road
width), whereas human behaviour is induced by functional character­
istics (like manoeuvre space).
Secondly, a major part of the characteristics that are frequently
accompanied by a high accident rate are not registered in the Carin
system (e.g. the presence of bycycle paths, the sight distance, the
presence of traffic lights, and the like). In general, Carin has only
very little information on road characteristics and no information at
all on traffic characteristics.
Thirdly, the found relations between road and accident character­
istics on one hand and accidents on the other hardly contribute to an
insight in traffic (un)safety, which may lead to wrong interpreta­
tions. An example may illuminate this remark. Out of the analysisses
it e.g. follows that on junctions with traffic lights more accidents
happen than on junctions without traffic lights. However, this does
not mean that traffic lights increase the traffic unsafety: a junc­
tion with traffic lights is probably more safe than the same junction
without traffic lights! Furthermore, the conclusion was based on data
from the period 1971-1975, when most traffic lights still had fixed
regulations. At present most traffic lights are regulated traffic­
dependently, which may wen be more posi tive from a traffic safety
point of view, because unnecessary wai ting can be avoided and red
light negations therewith less tempting.
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As it is not possible to use in the Carin system the detailed
information from the traffic safety studies in Noord-Brabant, it is
recommendable to incorparate more general data into the Carin
programme. Herefore, the report of Janssen CS.T.M.C, 1985 ) supplies
adequate information.
Janssen ca lculated the ave rage number of accidents with casualties
per vehiclekilometre and per j unc t i on f or 1 raad class es outside
residential areas and 2 within. Although t he calcul a ted numbers are
only very rough estimations for the r isks on a certain road, they are
nevertheless usefull for Carin. For even if the use of the indicator
numbers that are presented in table 6.1, in some cases lead to an
underestimation of the risk for a particular journey and in an other

case to an overestimation, on average the systematic calculation of
"safe" routes with the aid of the indicator numbers still "will lead
to a decrease of the traffic risks.

Tablè 6.1: Indicator numbers for the estimation of accidents with
casualties; Source: Janssen, 1985

Kencijfers voor de schatting van het aantalletselongevallen

voor wegvakken per kruisingen per jaar

per miljoen gere­

den motorvoertuig­
kilotnet ers

totaal ongevals­

groep 1

ongevals­

groep 2

autosnelweg
*2 x 2 rijstroken f 1 0,82 0,54 0,29

x 3/4 **2 rijstroken f 2 1,03 0,92 0,11

autoweg bubeko

1 x 2 rijstroken 0,08 0,70 0,54 0,15

2 x 2 rijstroken 0,04 1,27 0,81 0,46

gesloten verklaring bubeko

1 x 2 rijstroken 0,25 0,36 0,24 0,12

2 x 2 rijstroken 0,08 0,68 0,39 0,29
***overige weg bibeko 0,37

***verkeersaders bibeko 1,79

80.000 motorvoertuigen per dag

*

**

***

f 1 = 1,12 x I 0,34. 10-3; bij I = 40.000 motorvoertuigen per dag

f 1 = 0,040

f 2 1,09 x I 0,31. 10-3; bij I =
f 2 0,035

inclusief kruisingen
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The extent to which traffic safety should be used as criterion for
determining optimum routes
With the data of table 6.1 it is possible to compare the ave rage risk
of a journey on a certain road with the risks of an alternative
route. The extent to wh ich the Ca r i n system s hould select a safer
route i s difficul t to i ndicate as th i s can not be de t ermined
object i ve l y.
A way t o weigh the advantage of a safer rou t e against the di s ­
advantage of a detour may be to compare the products of the travel
time and the unsafety index of two alternative routes. An example of
such a comparance is displayed in figure 6.3. To prevent Carin from
selecting routes wi th excessive detours, the maximum detour
percentage could be fixed at e.g. 15%.

Route A:

Route B:

motorway; 2 x 2 lanes
lenght: 90 km; 12 junctions
travel time T: 45 minutes
unsafety index S: gOxO, 04 + 12xO,82 = 13,4 (see table
6.1)

single carriageway road, prohibited for slow traffic
lenght: 67 km; 22 junctions
travel time T: 40 minutes
unsafety index S: 67xO,25 + 22xO,36 = 24,67 (see table
6.1)

T.S (Route A) = 45 x 13,4 = 603 T.S (Route B) = 40 x 24,67 = 987

> According to the criterion of weighed safety, Route A should be
selected in spite of it's detour of 5 minutes

Figure 6.3:Comparance of two alternative routes via a weighed
unsafety index.

The appliance of the safety criterion within build-up areas on the
basis of the values of táble 6.1 is not to be recommended for two
reasons. Firstly, this would lead to the selection of many rat runs
and therewith improper use of minor roads.
Secondly, the low value for the traffic safety i ndicator number of
minor roads is misleading. As a result of t he cl as s i fi ca t i on into
only two road classes, the group of minor roads consists of many very
quiet roads that are usedonly by des tination traffic. These roads,
on which very lit t Le accidents happen, reduce the traffic unsafety
index of the group of minor roads. However, the minor roads that
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wourd be <ser ec t ed for the through going traffic would be unsafer than
the low value for the traffic unsafety index indicates.
Outside build-up areas, roads of a high category coincide with a low
traffic unsafety index. This means that usually the fastest routes
will also be t he safest.

The dangerous road situations a driver s hould be warned off
Uns af e situations can be avoided not onl y t hr ough the selection of an
alternative route, but also by warning a driver. The appliance of the
lat ter solution, however, will not be easy. For, it has been mention­
ed before, traffic unsafety is caused by a combination of circum­
stances, meaning that a specific characteristic is only critical in

combination with other circumstances. A sharp bend, for instance,
will . be unsafe in combination with a high speed, worn tyres, and a
wet road surface, but absolutely safe in combination with a low speed
and a dry road surface.
The incorporation into Carin of an extensive warning system will
therefore cause some problems.

Though the application of an extensive in-car warning system may
cause quite some probrems, the incorporation of an adaption for
receiving broadcast out-car warnings may be relative simple. First
this information may be rather general and contain only information
on traffic jams, road works, frozen road surfaces , and the like
(broadcast through the future Radio Data System e.g.). In a later
stadium the information may be extended to local information broad­
cast via road-side transmitters.

12. Information on the vehicle condition
With an adequate coordination between the Carin design and car
designs, a continuous check of vi tal parts of the vehicle could be
made possible and the condition of the vehicre be presented <to the
driver. Submitted to this constant check should be for traffic safety
reasons: the braking system, tyre wear, the lighting system, the
steering system, and the steering characteristics.

13. Agressive shape
Sharp edges and protruding obstacles on any part of the Carin system
shoul.d be avoided. If this is absolute impossible, agressive parts
should be adjusted in such a way that they break off in case of a
collision. For the remote control unit a comfortably located
container should be designed.
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Ehclosure: The phase model of the transport and traffic (unsafety)
process

1. Introduction

Both the transport and traffic process, that can result in accidents,
and the crash process can be regarded as a chronological complex of
successive, increasingly cr i t i ca l cornbinat i ons of circumstances and
events.
These eventually result in injury and damage, followed by a
"recuperation process", in which cri tical circumstances again can
occur. In theory a halt can be called to this "accident process" in
any of the phases it comprises of.
To get an oversight of traffic unsafety, is it necessary to order or
structure the transport and traffic process from a traffic safety
point of view. Such an order and structure of the "accident process"
has been found in a conceptual model referred to as phase model of
the transport and traffic unsafety process (see figure e.1).

The phase model is based on the following principles.
1. The transport and traffic unsafety process is a dynamic process,

Le. it is a cbr-onologï.cal' compl"ex of successive critical cir­
cumstances and events. Each state observed is a "snapshot" and has
a history, a "memory" and a follow-up. The follow-up is determined
by the memory, the road user' s goal and his behaviour
alternatives.

2. It is a model of a process that becomes increasingly critical once
a phase is reached where cri tical states cannot be overcome. In
each phase of the process a critical situation can arise which
unl"eashes a chain of critical states which are increasingly
difficul t to control : the time and room for observing, deciding
and acting becomes l"ess and .l"ess.

3. Each phase involves different critical · combinations of circum­
stances, different relationschips between behaviour and environ­
ment. The transition from one phase into the next is a greater or
lesser discontinuity, i.e. in a particular phase the road us er has
behaviour alternatives which differ from those in the previous and
the next phase.
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Figure e.l: Phase model of the transport and traffic (unsafety) process
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2. Description
The phase model of the transport and traffic unsafety process
describes the nature of the traffic process insofar as there are
critical changes in state with increasing losses in relation to the
goal. In it the individual road user is central as the elementary
system. Other road users are regarded as part of t he i ndi vi dua l road
user's t r a f f i c environment. External control mechani sms, operated by
the "collective decision-makers" , are designed to influence the
internal control mechanism of the individual road user. The points at
which this takes place are the critical combinations of circumstances
in the various phases which entail a risk of failure for individual
road users.

Figure e.1 shows the phases of the transport and traffic unsafety
process split up according to discontinuities in critical states and
thus by the nature of the behaviour alternatives a road user has to
bring an "accident process" once started, or a criticar state, under
control. These phases are described in the following.

Travel/transport situation
A decision to engage in an activity at another lócation, e.g. to
visit reratives, makes it necessary to traveL The nature of the
travel "goal, the motive for travelling, the mode of transport chosen,
the route, and the timetabre together determine the traver behaviour.
The circumstances in which a road user travels are referred to as the
travel/transport situation. These circumstances can in themselves
entail a risk of failure or a potential losse Two examples: a time­
table that is too tight, a journey to an important meeting - resurt:
fast driving and attention al ready on the meeting. These risks in or
as a result of travel behaviour are only manifested in the next
phase, at the manoeuvring. The transport or travelling circumstances
preordain, as it were, the start of a chain of fresh risks of failure
for the road user.

Critical states in travel behaviour influence not only speed,
direction and lateral position on the road and the arertness of the
road user, they also can make all the subsequent phases more
critical. A road user in a hurry has e.g. less peripheral perception
and may overlook traffic that crosses his path. In the event of an
encounter with other traffic he is more likel"y to accererate in an
attempt to pass in front than to brake.



-e.4-

Traffic situation
The traffic behaviour of a raad user, provoked by traveland traffic
circumstances (in particular vehicle, t r a f fi c and raad character­
i s tics ) , takes the form of speed, direction and lateral "position on

t he road and i n the traffic flow, and alertness. The provoked and
anticipatory traffi c behavi our ca n be regarded as a con t inuous change
of s t ate (in speed , cour s e and lateral posi t i on) : f ollowing t he r oad,
f ol l owi ng a sta bI e traffic flow.

Encounter situation
Every change in state can result in a change in the risk of failure:
encounters with other road users, but al 'so instability of a traffic
flow, discontinuities in the path of the road , etc. A lot of the
risks in these encounter situations can be overcome by timel"y and
adequate reaction: braking or accelérating, deviating to the left or
right, and increasing one's alertness are the opportunities available
to the road user for reactive traffic behaviour.

Incident situation
The absence of a timely and/or adequately reaction in the encounter
situation, owing to misjudgement of the situation or lack of inform­
ation or experience, results in an increase in the risk of failure.
The time for acting becomes very short and the opportunities in many
cases very limited: we can speak of an incident. The only way of
preventing an accident then is for the road user to carry out an
emergency manoeuvre: abruptly swerving, an emergency stop and a call
on "survival" reflexes are the types of emergency manoeuvre behaviour
available. If the emergency manoeuvre is successful, so that the
vehicle remains on the carriageway without hitting anything, we call
this a "conflict" - a near miss. Often, however, fresh risks of
failure occur during, or as a resurt of, the emergency behaviour.
A chain reaction may affect other road users if e.g. during an emer­
gency manoeuvre a vehicle crosses to the other side of the road
(obstructing oncoming traffic) or comes to a halt on its own side
(obstructing following traffic). This effectively starts a new
"accident process", now for the other road users.

Crash situation
Every year in the Netherlánds alone at least one million emergency
manoeuvres are unsuccessful (if they taak place at all). High speed
at the start of the manoeuvre, inadequate time, not enough distance
(including the danger of skidding) produce risks of failure which, if

they materialize, inevitably result in a crash (accident).
Fortunatel"y not all of the 1 million yearly Dutch accidents are
serious. Nevertheless, the number of registrated (I) casualties
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mounts up to 1600 deaths and some 50.000 injuries per year.
Determinative for the severeness of an accident are the collision
speed, the ang l.e of impact and the point of impact. Together these
make up the crash behaviour of the vehicle (and to some extent of the
occupants or riders) and the object collided with. A chain reaction
can also take place here. The risk of damage and injury, the damage
and injury pattern, does not depend solely on the crash behaviour of
the vehiclè and object. Crash circumstances, such as characteristics
of vehicle exterior and interior and the resilience of occupants and
riders have a considerable influence, as does the wearing of seat
beIts, crash helmets, etc.

Injury and damage situation
After the crash phase comes the injury and damage situation. This
begins with the discovery and the reporting of the accident, followed
by first aid (including emergency medical aid), removal "of the in­
jured to a hospital and finally treatment. We need not concern our­

selves here with the recovery and repair of damaged vehiclès. During
the entire aid process risks of failure occur which may affect the
damage and injury pattern. These generally occur in the timespan
between the crash phase and treatment. In some cases the outcome is
ser-reus (permanent) damage. The absence of actions needed to save
life or incorrect fir2t aid, the stagnation in the removal" of victims
owing to inaccessibility of the scene of the accident or traffic
congestion can entail risks of failure or critiéal combinations of
circumstances which determine the ultimate effects.

Treatment and recuperation situation
The treatment and recuperation situation comprises the medical diag­
nosis, the therapy, and the after-care. In this situation again
possible failures manifest themselves, e.g. as a result of an in­
correct diagnosis , or an insufficient organisation in the trauma­
tol"ogic department of a hospitaL If the recovery is not complete,
permanent effects occur (that may sometimes manifest themselves on1y
after years and aften were not confirmed in the diagnosis).
We shall not consider rehabilitation, the social care and training of
those handicapped in road accidents, in detail here. They do, how­
ever, have to be able to make use of travel facilities so that they
can carry out their activities as they did before becoming
handicapped.
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