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PREFACE

The main purposes of this workshop were to bring together
European researchers around common problems and to introduce new
researchers on the international level.

The First European Workshop on Recent Developments in Road
Safety Research was organized by SWOV in the Netherlands in
November 1986 and the Second Workshop was organized by INRETS in
France in January 1989.

This workshop was held at the Swedish Road and Traffic Research
Institute (VTI) in Linkoping, April 26-27, 1990. The topics
discussed were:

- Safety research in an individual and a societal perspective
- In depth investigations
- Simulators in safety studies
- Road surface and safety
- Safety at junctions
- Safety on motorways
- Heavy vehicles
Daytime running lights

- Driver education and training
- Elderly drivers

The idea of the programme was to have one researcher from Sweden
to present his view on each of the selected topics and then to
have a commentary or alternative view on the same topic from a
researcher outside Sweden. This was then followed by a common
discussion.

As usual at research meetings the discussions were at least as
interesting as the presentation. However, we had unfortunately
no resources to record, analyze and give account of these dis-
cussions. Infact we had considerable problems to produce the
limited proceedings you have in front of you and except for the
authors I would especially like to thank Mrs Birgitta Jansson,
without whom we could not have done it.

The Fourth Workshop will be organized by BASt in Germany October
22-23, 1991.

Linkoping March 1991

Kare Rumar
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Third European Workshop on Recent Developments in Road
Safety Research, April 26-27, 1990, VTI, Linkoping,
Sweden.

Opening session.

Safety research in an individual and societal perspective

- a look at the future.

by

Roger Johansson

VTI, Sweden

The aim of this short paper is to give a description of

some of the present basic problems in traffic safety re-

search and to outline a strategy for dealing with these

problems. The aim is further to point out some of the

consequences of this strategy for both the individual

road user and for society.

The golden days of traffic safety work are over! That is,

we no longer have an abundance of traffic safety measures

that we can just choose from - we don't have a rich pool

of good, effective traffic safety measures at our dis-

posal from which we can freely select. In most developed

countries the road system is well established, the cars

are reasonably new, and road user education is at the

level that society and the road user can afford. That

is, there is no single part of the traffic system that

has not been reached by past and present thinking on

traffic safety.

In Sweden, for instance, we have reasonably low speed

limits, a very high seat belt wearing rate, a very low

level ofdrunk driving etc. There is, no doubt, still a

potential for reducing the level of drunk driving and

further reducing some of the speed limits, but this can

not be done without problems. The point is, the remaining

VTI RAPPORT 366A



safety measures with proven safetyeffects are not easily

accepted by the individual road user and thus, within the

restrains of a democratic society, not easily decided

upon. The remaining safety measures with proven safety

effects are, almost without exception, restrictive by na-

ture they take away the freedom of choice from the in

dividual road user and this feature make them hard to de

cide upon and to implement.

In addition to this group of unpopular but effective

safety measures we have a large group of "potential"

safety measures with uncertain - or unproven - safety ef-

fects. These are, for instance, new driver training meth-

ods or driver improvement programmes, publicity cam-

paigns, computerized driver support systems e.g. the

Prometheus- or Drive projects, a variety of road improve

ment measures etc.. What we should suspect, based on ear

lier experience, is that the positive safety effects of

these measures can not be taken for granted. We do not

even know if this group of safety measures, taken as a

entity, will have a positive influence on traffic safety.

The situation described above is, in itself, troublesome.

It gives a rather pessimistic view of the future; the

countermeasures which have proven safety effects are hard

to accept by the road users and, as a consequence, by the

decision makers; while the countermeasures which are eas

ily accepted have unknown and uncertain safety effects.

If you add to this, as in Sweden, a political goal for

the traffic safety area that the number of persons killed

and injured in traffic should be reduced by about 30% in

the coming 10 years, you end up with an even more trou-

blesome situation, especially since the traffic has in-

creased by some 3-5% per year for the last years and will

probably continue to increase in the future. The proba-

bility that such a goal - or any safety goal with some

ambition - could be reached by just continuing to do what

we have been doing in the past is indeed small.
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The question, then, is whether we can define a strategy

that could give us a reasonable chance of making substan

tial traffic safety improvements in the future. A possi

ble strategy is outlined in the following discus-sion. It

is based on a short term strategy for control-ling the

changes introduced into the traffic system and a long

term strategy for development of "new" traffic safety

measures .

Short term strategy. The goal of the short term strategy

is to avoid making changes in the traffic system that are

not safety improving. The reasons for introducing changes

into the traffic system can be many; to increase safety,

to increase mobility, to increase the number of cars of a

certain make, etc.. Whenever the change is of a certain

size - in terms of number of accidents that could be af-

fected - it should be shown in advance that the change is

beneficial; if the change is motivated from safety rea

sons, it should be shown that safety is increased, while

if the change is introduced for other reasons, e.g. mo-

bility, it should be shown that it doesn t decrease

safety. The quality and validity of these studies must be

adequate for the purpose.

However, experience shows that even if much effect is put

into studies of potential safety effects before a change

is introduced, the real effects when the change is imple

mented can be different. Thus, all changes that are of a

certain size in terms of the number of accidents that can

be affected must also be evaluated after the introduc-

tion. If it turns out that the effects are not acceptable

then the change should be reversed. From this it follows

that no changes should be allowed if they are irre

versible. That is, if there is doubt that a change will

be effective from a safety point of view and the change

will be irreversible then it should be cancelled.

There is, of course, nothing new about this strategy

safety researchers have been arguing for this strategy,

or similar ones, for a long time. What might be new, how-
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ever, is the possibility of acceptance for such a strat-

egy by the decision makers in the traffic safety field.

Evaluation research has made it more and more clear that

"common sense" evaluations of traffic safety measures do

not work. Our common sense isn t goodenough as a guide

in this field. If this could be made clear to those who

make decisions about implementation of safety measures,

then this strategy is the logical next step.

This short time strategy will have two effects if imple-

mented; it will slow down the rate of change in the traf

fic system due to the time it will take to do the neces-

sary evaluations, and it will ensure a slow but gradual

increase in safety. But if traffic continues to increase,

it is still possible that the total number of persons

killed or injured will continue to increase. This short

term strategy will not give any major contribution to

traffic safety it will only guarantee a certain stan

dard. For a major change in safety a different - more

long term - strategy is needed.

Long term strategy. The goal of the long term strategy is

to find new traffic safety measures. This can at first

seem to be a trivial problem - it is only to design new

driver training programmes, new road signs, to continue

the technical development of vehicles etc. and to test

their effeCts. But this is not the case. This kind of de-

velopment will, no doubt, continue - and with proper

evaluation and testing it will make its contribution to

safety. But the contribution will not be large. What is

needed is a paradigm shift. The basic ideas in traffic

safety theory must be questioned and new ones formulated.

This is, of course, a theoretical challenge of enormous

proportions that can not be met in a paper like this. The

first Step is, however, to realise that such a shift is

indeed necessary in order to achieve a major improvement

in safety without losing what's good, namely, mobility.

In our part of the world the traditional safety paradigm

(whatever it is) has been implemented almost fully. As a
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consequence, the individual road users do not feel that

they have a traffic safety problem and - as a matter of

fact - they probably have not. That is, traffic probably

isn t a larger health problem to the individual than

other types of activities. It is from the perspective of

society that traffic accidents are a problem; in Sweden

the costs of traffic accidents have probably increased

during the last 10 years, mainly due to the fact that the

risks per distance of travel do not decrease so much any

more but the total of distance travelled have continued

to increase.

If we accept the notion that it is not the individual

road user who has a safety problem - but rather the soci-

ety then we can understand one of the basic problems

with many of the present so called safety measures. Many

present safety measures are designed in such a way that

they "improve" something; they improve the road, the ve-

hicle or the driver. The idea behind the safety measure

is that the road user should use this "improvement" to

increase his or her safety. But most "improvements" can

be used in different ways; to reduce travel time, to in-

crease enjoyment, etc. As long as the road user does not

experience a safety problem and the safety measure offers

alternative modes of application, there will not be any

increase in safety. It s quite clear that future safety

measures must take this phenomenon into consideration.

Another strategic question for the future is what kind of

safety measures can have a potential large enough in or

der to have a major influence on the traffic safety level

in a society. This is the kind of question that regret

tably is often forgotten when traffic safety is dis-

cussed. It does not take much analysing to establish that

the most interesting area with respect to both potential

effects and cost-effectiveness comprises safety measures

that work directlyon road users themselves, such as edu-

cation, publicity campaigns, legislation and enforcement,

incentive systems etc. The case can, however, be quite

different in a developing country where the road system

VT I RAPPORT 3 6 6A



is not established, but, for instance, in the OECD coun

tries the road system is there already and the changes to

it, especially if the changes are made only for safety

reasons, will not be very cost-effective.

Another characteristic of the traditional safety paradigm

has been its focus on accident avoidance as the main

strategy to increase safety. Perhaps an alternative

strategy could be based on "safety maintenance" as an al-

ternative to "accident avoidance"! It is interesting to

notice that decades of safety research have lead to an

enormous amount of knowledge about accidents and the ac

cident process, but very little knowledge about safe be-

haviour and the conditions for safety. Naatanen &

Summala s concept of "safety-margin" is one of the few

attempts to define the conditions of a safe traffic sys

tem. The implication of this shift of.focus is far from

clear. But in the same way as "health" is something dif

ferent from "non-illness", "safety" is something differ-

ent from "accident-free".

Whatever will constitute the basis for a new traffic

safety paradigm it is clear that one is needed if major

improvements in safety are to be made and if safety goals

like the one taken in Sweden are to be fulfilled. If the

short- and long term strategies outlined here would be

put into practice, it would have consequences both for

society and for the individual road users. The most imme-

diate and perhaps most difficult consequence for society

(or, more correctly; the road and road safety

administrations) would be that they would have to accept

that even if the need for "fast results" is perhaps

greater than ever, they would have to put more effort

into research and evaluation than ever before. The conse

quences for the individual road user will, in the long

run, be a loss of freedom. Hopefully this will not be a

painful process; the loss of freedom to drink and drive,

the loss of freedom to drive for pleasure etc. will, if

we can find efficient ways to influence the traffic
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culture, be accepted as natural restraints in a civilised

traffic system.
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Third European Workshop on Recent Developments in Road Safety Research

Linkoping, April 26-27, 1990

Safety research in an individual and social perspective

- a look at the future

Comments on Roger Johanssons paper by Graham Grayson, TRRL, England

The author of this paper set himself three objectives:

- to describe the basic problems of traf c safety research,

- to outline a basic strategy for solving these problems, and

- to point out the consequences for the individual and for society.

In turn, he should be:

- admired for his courage in undertaking this task,

- congratulated for his exposition of the problem, and

sympathised with for nding no simple solutions.

This last is not his fault, for the problem is an exceedingly complex one. If it is to be

solved, then as Roger says, we need to have a new approach to the issues under discussion.

But before this there are some basic points to be considered.

The rst of these is the nature of the system itself. The Man/Vehicle/Environment system

and the interactions between its components has in recent years become the accepted

framework for safety research. But what if one were to take a step back and look at it from

an outsider's point of View? Consider the proverbial 'Man from Mars' and the report he

might make. "Mobility is largely achieved by individuals riding in large metal objects.

These can be propelled up to high speeds, where they become dif cult to manoeuvre and

hard to stop. Despite this, their use is open to virtually anyone who can acquire the basic

control skills, usually after a modicum of training. The metal objects pass each other on

designated pathways at closing speeds of up to 300kph and with barely a metre's clearance.

They also take priority over the movements of the young, the old, and the in rm. The

system as a whole is expensive, inef cient, dangerous, and damaging to the planet. The

term 'civilisation' is barely justi ed here. " Roger calls for a paradigm shift to support his

long term strategy; one component of this may well be a wider acceptance of the basic

insanity of the system.
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A second point concerns the nature of interventions. It is rightly noted that changes to the

system can come about for a variety of reasons, and with often unpredictable results. Safety

is only one of these reasons, but safety workers often seem to regard it as paramount. For

instance, the seemingly endless debate on risk compensation has been made unnecessarily

complicated by invoking evidence on safety from changes that the users of the system

would interpret as being for quite different reasons. Up till now, we have been perhaps

fortunate in that all pure safety measures have been seen as 'good' in nature, and desirable

on all counts. But this need not necessarily be so in the future, it is quite easy to envisage

situations where environmental and safety needs could be in opposition. The golden days of

safety work were golden because we were lucky in that most things worked - even if we

did not know how or why. If we are to move from intervention by received wisdom or

hunch to a rational and informed assessment of the most appropriate and effective

countermeasures, then a better knowledge and understanding of the operation of the system

will be essential. At present, our knowledge of the nature and effectiveness of

countermeasures is such that it is dif cult if not impossible to distinguish those about which

there is 'the slightest doubt'. Indeed, if one is to believe those advocates of risk homeostasis

theory, then one should have profound doubt about all measures. This is an extreme point

of view, and not a particularly useful one. More pro table will be the development of

evaluation procedures that focus on the process of intervention, not just the output. The

golden days are ever, and have been replaced by the intellectually demanding ones.

Almost as an aside, Roger raises a fundamental question about the nature of safety itself.

He is intrigued that after decades of research we still have so little knowledge about safe

behaviour. Note that those engaged in road safety education, or training, or testing usually

have no dif culty in recognising and de ning safe behaviour; it seems to be only the

researchers who have the problem. Their problem, quite simply, is one of measurement.

One can count accidents, one can record con icts and observe errors, but one cannot

measure safe behaviour. This, I submit, is because safety is one of those strange concepts

that can only be de ned and measured in terms of the absence of some other opposing

quality. Another such concept is 'comfort'. Just as this can only be measured in terms of

discomfort, so safety can only be measured in terms of unsafety, and the only generally

accepted measure of this is accidents.

The nal point concerns the individual and society. Road safety research in the past has

concentrated to a very large extent on the individual, and the importance of the social

dimension is only just being recognised. It is of interest here to re ect on the changing

nature of the contribution of psychology to road safety research. In the early days, when the

control skill model of road user behaviour was prevalent, the main contribution was through

ergonomics, in analysing task demands and attempting to ' t the job to the man'. Then
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came the cognitive revolution, when the model of man as the forced pace passive responder

was replaced by that of man as the self paced active information processor. Now social

psychology is coming to the fore, showing how topics such as the health belief model and

the theory of reasoned action can contribute to a better understanding of the interactions

between the individual and society.

In the past, it has been the individual who has responded to change in such a way as to

bring about improvements in safety. In the future, major improvements in safety willonly

come about through major changes in society, but this still requires the actions of

individuals. It is dif cult to convince people to change their behaviour because of social

problems, but not impossible. There are several examples in the health eld, but perhaps

the most intriguing and unexpected event in the last decade has been the growth in concern

over environmental issues at virtually every level of society. Safety workers may like to

re ect on the irony that, if profound changes in safety do come about, there is a fair chance

that they will do so for non-safety reasons.
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Third European Workshop on Recent Developments in Road Safety Research

Linkoping, April 26-27, 1990

Swedish Road and

Traf cResearchInstitute

Traf cDivision

Hans Erik Pettersson

In depth investigation

The term in depth investigations is in this paper used synonymously with

case studies ofroad traf c accidents. That is studies of road traf c accidents

thatdoesn t makeuse of aggregateddata, which is animportant characteristic

of the method to be discussed. From a critical point ofview you could say,

that it is amethod that produce results of a type that in ascienti c perspective

is used to be described as anecdotic. With case studies ishere understood, in-

vestigations of separate accidents aiming to describe the course ofevents lea-

dingto the accident andlorthe consequences ofthe accident andthe immedia-

te courses of these consequences. The investigations aimsprimarily to impro-

ve the knowledge on which to base accident and injury preventive work,

which excludes the police investigations of traf c accidents. First there will

be a discussion of where in the family of traf c safety research methods the

case study belongs. Then some advantages and disadvantages with the met-

hod and to what purposes to use it are pointed out. Finally the plans for a

projectthat will make use ofthis type ofmethod will be presented.

Two different approaches to traffic safety

With terms borrowed from systems analysis of the world of computers, we

could talk about a top down and a bottom up approach to road safety pro-

blems.

As top down could those research methodsbe regarded thatare concentrated

on the symptoms in the sense that they are based on accidents thathave hap-

pened. In this perspective the accidents are described in terms of variables

that are descriptive of the road traf c system by some sort of correlations]

method. The models of accident generation is often ofa stochastic nature and
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typical examples ofaccident explaining variables are vehicle mileage, speed

level, type ofroad and so on.

Traf c safety research in abottomup perspective is concentratedon the cour-

ses of accidents. This approach to road safety describes accidents in terms

characteristics of the components of the road traf c system and in terms of

the interaction of the components. The methods are often ofan experimental

or pseudo experimental nature, and the explaining models are deterministic.

Examples ofaccident explaining variables in this perspective are the friction

of the road surface, characteristics ofvehicle tires, road users behaviouri re-

gard to anti lockbrakesin a critical situation andso on.

Both of these approaches have of course its pros and cons and the two appro-

aches can t replace each other. The strength of the top down perspective is

thatyou hardly everhave to doubt the validity of the results ofresearchmade

according to this tradition, asit alwaysdeals withaccidents thatactually have

happened. The validity of the results generated in the bottom up perspective

on the other hand can always be questioned, asit depends on the validity of

the model connectingthe aspects of the traf c system that are studied to acci-

dents. Andthese models are nottoo oftenempirically tested.

The traf c safety measures suggestedin the top down perspective, often re-

sultinrough effects due to the probabilistic character of these accidentexplai-

ningmodels. General speed limits are typical examples ofthis type ofmeasu-

res. Speed limitsalwayshavc apositive effect on traf c safety, but they force

the road users to adjust to a lower velocity in many places, than what isjusti-

ed from a safety point view, at the same time as the speed limit is much to

high in other places. The bottom up approach on the other hand can with its

deterministic description ofthe relationbetween the variables studied and ac-

cidents, suggest traf c safety measures with veryprecise effects, given that

there is any effect at all. This could be demonstrated with the following ex-

ample. Let us say that we have amodel saying that accident occurs when we

leave a high standard road and enter a low standard road, because we don t

lower the speed enough, and that this in turn is due to our adaption to the

high speed level of the high standard road. Measures to improve the road

users speed perceptionin the change-over zones ofthe actual type have fewif

any secondary effects, and they will a ect a property of the road user that is
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ofimportance to traf c safety in these particular places, given that the model

describingthe relationbetween accident, behaviour andsituation istrue .

The case study is a hybrid of these two perspectives. It is a top down appro-

ach with a high level of validity, as it concentrates on accidents that really

have happened. But it is a bottom up approach, as the analysis of accidents

aremadeintermsofdeterministicmodelsofaccident generation.

The possibilities and limits of the case study methodolo-

9Y-

The case studymethod makesitpossible to collectlarge amounts of data from

a smallnumber ofaccidents. This shouldbe compared to the statistically ori-

ented accident investigations that for practical and economical reasons only

can handle a limited number of data about each accident, but on the other

hand offers the opportunity to get information about a large number of acci-

dents.

Case study methods are often thought of as methods that would offer an un-

prejudicedapproach to accident investigationsgoverned onlyby the character

ofthe individual accident and unbiasedby a more general model of accident

generation. That is, data should be completely independent of the model of

analysis that is going to be used. Data should represent the facts of the case

and the analysis a way to structure these facts in such a way that the cause of

the accident is objectively determined. On second thoughts though, it is evi-

dent that this is an unreasonable description of the method. When we collect

informationabout our surroundinglet it be for scienti c reasons or not we are

guided by goals. We collect information in order to manage something and

we are guided by hypothesis about what information we need to reach these

aims. Often are the goals as well as the hypothesis unpronounced perhaps

even unconscious, but they are there. In a research situation it is not (hope-

fully) our personal motivesandprejudiced thoughts that should guide the data

collection and the analysis, but rather a scienti c andsocietal need forknow-

ledge and on earlier research grounded hypothesis about what type of data

thatis needed. In this situation it isimportant that aims andhypothesis are ex-

pressed as clearly as possible, or at least that the type of data that is going to
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be collected is speci ed in such a way that the guiding model can be recon-

structed.

So the appearing ofamethod, unbiased by theoretical models then, does not

ofcourse re ectreality, butrather the fact that, due to the possibility to collect

large amounts of data, it is possible to make use ofmany hypothesis in gui-

ding thisdatacollection. WhenIhere talkabout the accidentgeneratingmodel

that is guiding the collection and analysis of data, Imean the total amount of

hypothesis about the generation of accidentsthat are relevantto the aim ofthe

investigation, and that are allowed to affect the choice of data. Ifwe have god

knowledge to start with or a narrowly specified goal for the investigation,

then we can work with a small number ofhypotheses and a limited amount of

data which makesitpossible tomake use ofa statistical method for data ana-

lysis. An example of this type of research problem would be: What effect on

accident frequency would a change of the speed limit to 70 km/h have on

those roads that today have a speedlimit of 90 kah? In situations where the

knowledge ismore limited, and the aim of the project hasa more exploratory

character, more and wider definedhypotheses as well asmany different types

of dataare needed. An example of this type ofquestion wouldbe: Whatmea-

sures of a traffic engineering type would have a positive effect on the safety

of cyclistsin road junctions?

The case study have adescriptive and exploratory character. It gives good in-

formation about the investigated case, but offers no formal possibilities to ge-

neralise the result of the analysis. This does not mean that generalisations

wouldnotbe possible ofcourse , butrather then leaning on a statistical model

we have to draw conclusions from a common sense reasoning. The methodo-

logy thoughis probably most suitable to generate hypothesis about which va-

riables that would be good inexplaining accidentsin statistically oriented top

down studies or to suggest possible accident causes suitable to testin experi-

mentally orientedbottomup studies.

Case studies directed toward a special type of accidente.

Case studies ofroad traffic accidents often has the character ofmultidiscipli-

nary in depth studies, where an important quality of the investigation is that

the time from accident to the start ofdata collection should be as short as pos-
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sible. This type of studies are expensive to do, because of the high level of

preparedness the investigation team must keep. From this also follows that it

is dif cult to direct the study toward special types of accidents the team will

ratherhave to investigate any type ofaccident that they will reach within a re-

asonable time. We are, all the same, planning to make use of the main featu-

res of a methodology developed for the type of multidisciplinary investiga-

tionsmentionedabove , in a study directedtoward accidentsthat are the result

of con ictsbetweenmotorvehicles and cyclistsinroadjunctions.

This type of accidents is rather common, but that is not the the problem of

primarily interest. The problem is rather why those, as it seems, reasonable

solutions to the problem, suggested by traffic engineers, appears to have irn-

paired traf c safety rather than to improve it. The frequency of this type of

accidents is not large enough though, to make use of an statistical method to

describe the relation between accidents and a variation in the type ofdesign

given to the road junctions. 0n the other hand there is notreally any hypothe-

ses about the solution to the problem, precise enough to base some sort of

bottom up studies on. In this situation, where newhypotheses are needed, as

well as apossibility to see if there is any substance in the loose speculations

about which factors that could be ofimportance, we think that the case study

methodology could be ofuse.

In this study it is rather the road junction than the accident that is the case.

The methodology can be described in terms of two main parts. The rst one

isan indepth analysis ofaccidentsinvolving motorvehiclesand bicycles that

hashappened in the actual crossing, the second partis a study ofnormal road

userbehaviourin the crossing.

The method chosen for the accident analysis concentrates on the pre crash

phase. This is important of course, when the scope of the study is to get

knowledge to be used in accident prevention work. In depth accident studies

are otherwise often directed towards injury prevention. In thisproject it is not

possible to make the data collection and the analysis within a short time after

the accident. The ideais rather to nd crossings, by the help of the road aut-

horities, where one or more accident involving cyclists and motor vehicles

has happened during the last year. Based on interviews with the involved

road users, preferably on the scene of the accident, and a description of the
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physical properties of the roadjunction, the course of the accidents will be re-

constructed. Of central interest to the accident analysis, besides the course of

the accident, is the road users perception of the functional characteristics of

the interaction between the two groups of road users at the actual crossing.

The aim ofthe analysis is of course to be able to describe that or those measu-

res thatwouldhave prevented the analysed accident to happened.

The case study gives of course a description only of the analysed accident,

and the conclusions couldonly be drawn about what to do to prevent thatpar-

ticular accident. The problem is that we can t say anything about to what ex-

tent the characteristics of the accident situation are unique to the investigated

accident or representative of the traffic of the crossing in such a way that it is

worth while to change itin accordance with the result of the accident analysis.

The intention is to let the result of the accident analysis govern investigations

of a bottom up type ofnormal road user behaviour in the crossing, in order to

see ifthe ndings of the analysis are ofa more general importance. These in-

vestigations can for instance be observational studies to test, whether atype

of road user behaviour that was of importance to the analysed accident is

common in this crossing. There can also be interviews with road users, pas-

sing the crossing, to investigate whether misunderstandings that played arole

in the analysedaccident are commonly found amongordinary road users.

This can be seen as an attempt to improve the validity ofstudies ofbottom up

character with the help of case studies. I am convinced that the case study

methodology also can be used to improve the choice of descriptive variables

in investigations of a top down character. But my most important conclusion

from the work with in depth investigations of accidents that I have been in-

volved in, is that it is important to make clear, before to much work and

money is invested, in arather concrete way how the knowledge these studies

will produce will be transformedinto traf c safety measures and/or into more

systematical investigations thatcould resultinamore generalknowledge .
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Third European Workshop on Recent Developments in Road

Safety Research. Linkoping, April 26-27, 1990.

IN DEPTH INVESTIGATION

Ulla Engel

Danish Council of Road Safety Research

Denmark

As a prolongation of the paper of Mr. Hans Erik Pettersson

I want to give an example from a case study investigation

carried out in Denmark in 1980.

BACKGROUND

The aim was to improve the basis for selection of adequate

countermeasures for the prevention of child accidents.

22 accidents from the period 1975, 1976 and 1978 were

selected for further investigation. Each accident had a

child involved (less than 16 years of age) and the child

died as a consequence of the traffic accident. Furthermore

I it was required that the child had taken active part in

the accident either as a pedestrian or a pedal cyclists.

Data describing the accidents were taken from the po-

lice files.including sketches, photos, death certificate,

test for alcohol, test of the vehicle, withness reports

etc. It is worth while mentioning that such reports from

the police of fatal accidents are very detailed and higly
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informative. That was the main reason for the choise of

fatal accidents as the basis for the study. Besides from

the police files as data source, the sites of the acci-

dents were visited by the members of the research team.

The research team consisted of nine persons with dif-

ferent educational background and experience. Represented

were traffic engeneers, town planners,

chologist, car inspectors, etc.

Every accident was carefully studied by

dual in the team, the accident was discussed

was closed when everyone agreed on a summary

accident. l

The summary report contained three main

1. What happened?

(Reconstruction of the course of

2. Why did it happen?

(Identification of

factors)

What could be done

ning?

(Putting up a list of

for prevention of the accident)

On the next pages an example

is presented.

sociologists, psy

every indivi-

and the case

report on the

sections:

the accident)

possible accident causation

to prevent it from happe-

possible countermeasures

of such a summary report

Finally conclusions regarding the pros and conts of

the case study is given together with more general com

ments concerning the proposed study of Hans Erik Petters-

son and other case study investigations.
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SUMMARY REPORT ON CASE NO. 16

1. Reconstruction of the course of the accident

a. Exact information on the accident from the police file

Accident course

A boy ran into the carriageway in front of a parked lorry

and was hit by a passenger car overtaking the lorry.

The site

The road was paved with asphalt and was 5.8 metres in

width. The area contained low rise buildings. It was a re-

sidential neighbourhood. There was a road repair going on

on the footpath next to the parked lorry.

Road users involved

The victim was a five year old boy. According to his pa

rents he had neither a defective hearing nor a reduced

sight. The other party in the accident was a middleaged

- woman. She had a ten year old drivers licence. No alcohol

test was performed.

The vehicle

The woman was driving a 19 years old car. The result of an

investigation of the car showed no defects apart from an

ineffective hand breake.
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Estimation of speed

According to the driver, she was going with a speed of 304

40 km/h just before the accident took place. No evidence

was given regarding the speed of the car from withnesses.

Sketch

The police file contained a sketch showing the assumed po-

sition of the parties in the moment of collision together

with the position of the parties, when the police arrived.

Also the break tracks were marked on the sketch.

b. Technical reconstruction of the course

The break tracks showed a speed of the car of about 30

km/h. The evidence from two withnesses were contradictory.

One person saw the boy walking along the footpath in a

south bound direction. The other person had seen the boy

coming from a private drive to lot No. 5.

The witness having seen the boy walking along the

footpath saw him just outside No. 5. The lorry was parked

outside lot No. 7. So according to both witnesses the boy

left the footpath just in front of the lorry and went into

the carriage-way. I

The car driver has had less than a second to react

and did not break until after the collision.
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c. Analyses of the course of the accident

The site

The footpath next to the parked lorry was blocked as a.

consequence of the road repair. If the boy was on his way

south he was practically forced into the carriageway in

order to pass the lorry.

The child

The boy was walking or running. Other children were pre-

sent on the road, and some had been watching a crane on

the lorry. However, the boy had not been together with the

children. Noone knows of his intensions. The accident took

place just outside the boys home. The road repair might be

a rather new element in his surroundings.

The team did not consider it as negligent to allow a

five year old boy to be on the footpath in front of his

home in a road like this. It was, however, not COnsidered

as indisputable to allowe a boy of this age to cross the

road. (We don't know whether he was allowed to cross the

"road or not, just as we don't know if it was his inten-

sions to cross the road.)

The child was not able to see any traffic from south

because of the parked lorry.

Not very much is known about the behaviour just be-

fore the accident took place. There is no evidence of him

looking out for other traffic. He went or ran out in front

of the lorry and further on out in front of the oncoming
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car, which he probably did not saw at all before the acci-

dent.

One explanation of the behaviour of the child could

be that it is difficult for children to recognize a hidden

danger. If they do not see any cars, there is nothing to

worry about! The road construction work in combination

with the parked lorry might have been one of the (many)

traffic situations, he didn't knew about.

The other party

The other party was driving a passenger car. The purpose

of the trip was not registrated in the police file.

The woman was living in the area on a road parallel

to the one where the accident happened, so it was assumed

that she knew the area quite well.

The speed before the accident of about 30 km/h is

reasonable on the relative narrow roadin a residential

area.

It seems like the drivers attention was consentrated

on oncoming traffic. As no traffic came towards her, she

desided to overtake the lorry without any change in speed.

Because of the parked car she was not able to_see the

boy untill less than a second before the collision.

The driver didn't react at all before the car colli-

ded with victim. After the collision she jammed on the

breakes.

No defects was found on the car which may have influ-

enced the accident.
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2. Identification of accident causation factors

A parked lorry prevented the parties in the accident to

see each other before the accident took place, hence no

preventive action was taken from neither of the parties.

The significanse of the road repair is unknown. It

might be so that the road repair caused the presence of

the boy on the carriageway.

3. What could be done to prevent the occur of this

accident?

If the parked lorry in combination with the road repair on,

the footpath was the direct or indirect cause of the sud-

den appearence of the boy on the carriageway, some kind of

physical rail or road markings may have forced the boy

and/or the driver to pay more attension in this situation.

Such countermeasure should either expose the boy to

the driver at a time where preventive action was still

possible or warn the driver and/or the child of the possi-

bility of a hidden danger.

CONCLUSIONS

Many case study investigations only deals with very limi-

ted numbers of accidents.

The investigations produces an improved knowledge of
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possible accident causation factors and are important,

supplementary studies to the traditional quantitative sta-

tistical accident analysis.

The accident causation factors exposed from a limited

case study investigation are typical, i.e. in most cases

possible to find in other accidents not included in the

study. However we don't know about neither the frequency

of the exposed factors, nor the "completeness" of these

factors compared to "all accident causation factors".

In order to produce such results it is nesseCary to

extend the number of cases according to the statistical

rules for the possibilities of the detection of signifi-

cant differences.

It is hoped to continue the Danish study in the near

future by extending the dataset to all fatal child acci-

dents in Denmark from the period 1983-1989, all together

more than 400 accidents. By doing this the exposure of the

potential of each accident causation factor might be im-

vproved. I

Besides from the extensions of the number of cases,

it is also important to limit the accident problem, i.e.

the topic for investigation. The proposed Swedish study

concerns encOunters between pedal cyclists and motor ve-

hicles in unSignalized urban crossroads. The former Danish

study-concerned accidents with children as pedestrians and

pedal cyclists. I

Finally it is important to make exact hypothesis in

order to limit the investigations.
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Third European Workshop on Recent Developments in Road Safety
Research, April 26 27, 1990, VTI, Linkoping, Sweden.

Comments on "In Depth Investigation" by HE Pettersson

Yves Girard
Département Mécanismes deccidents (MA)

Institut National de Recherche sur les Transports et leur
Sécurité (INRETS), France.

INTRODUCTION : An examination of the available literature re-
veals the diversity of research work carried out under the
heading "in-depth investigations". A certain ambiguity arises
from the fact that the same term covers a genuine diversity
with regard to not only the purpose of this research work, but
also the type of data collected and the methods used to col-
lect and analyse these data.

I) Mr. Pettersson asks to which category of road safety re
search methodology in depth studies belong. What is their sco
pe and their limitations? To summarize Mr. Pettersson, the
"top down approach deals with accidents in terms of variables
which describe the road traffic system, whereas the "bottom
up approach concentrates on the accident sequence in terms of
interactions between the different road traffic system fac-
tors. He informs us that in depth investigations are part of
both approaches, but reading between the lines, he shows that
these are essentially "bottom up" approaches, as they are re-
lated to the different interactions between system components,
and are only "top down" because they are based on actual acci-
dents.

I would like to qualify this opinion. The document published
by OECD in 1988, provides the most obvious definition of in
depth investigations : an in depth accident study is a study
which requires 61 specific: additional data collection, when
compared with the collections currently available. These stu-
dies can then be differentiated according to a number of cri
teria, but can be grouped into two categories :

- statistically representative approaches, epidemiological-
type studies, which can cover several thousands of cases, and
which are relatively numerous, e.g. the NASS or FARS projects
in the U.S.A., the Finnish programme or yet again the regional
study carried out in Hannover (W. Germany).

case studies, frequently clinical-type studies (e.g. EDA at
Salon de Provence in France).
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The former are typical "top down" approaches and the latter
generally "bottom.1uy' approaches. 11:.is undoubtedLy possible
to find studies which fall between these two categories. Per
sonally, I find the criteria that Mr. Pettersson refers to at
a later stage more important : certain methods can be used to
prove a point, whereas others can reveal new hypotheses. These
methods are rarely the same. In-depth analysis of a widespread
sample, of the "top down" type, can be used for statistical
corroboration, and "bottom up" type case studies foster new
hypotheses. There are no methodological problems as long as a
method is not expected to produce anything else, or more than
it was designed for.

When talking about in depth investigations, the: OECD group
stresses the risk of overstandardizing collection and analysis
procedures. The aims and uses of in-depth investigations are
extremely varied, making such standardization ineffective. Ho
wever, an essential condition for the development of such stu
dies, and road safety research in general, is still a more in-
depth reflection with regard to the accident itself and the
methodological axes used to analyse it.

This is why my comments with regard to Mr. Pettersson's text
are based on my own experience, experience which is only one
of many possibilities. I will start by briefly resuming this
experience.

II) Under the auspices, first of ONSER (up to 1985), then IN
RETS, an Etude Détaillée d Accidents (EDA) (In-Depth Accident
Study) was carried out at Salon de-Provence (France) from 1980
to 1987. The aim was to better understand the mechanisms in
volved in the construction of the accident and the accident
sequence. Not just the result but particularly what has prece
ded, and what is happening at the time, not only why, but how.
The original premise was that an accident is the undesirable
product of a system malfunction, i.e. the undesirable product
of interactions between the driver, his vehicle and their en-
vironment (including the road).

All accident types were studied, without any attempt at sta
tistical representativeness. Results were formulated in terms
of questions (n: hypotheses, txa.be confirmed at.éa later date
using suitable methods.

Data was collected as soon as it became available "on the sce-
Iuy' of the accident, in liaison with the rescue team. Those
involved in the accident and those who witnessed it were
interviewed, marks were photographed and measured and noted on
a plan, the road was examined (several road parameters were
measured over the stretch of road in question), and vehicles
were examined, not only to ascertain the damage incurred but
also the condition of the most vital components.

VTI RAPPORT 366A



29

Analysis was based on a kinematic reconstruction of the acci
dent sequence (accident scenario in terms of course, the res
pective position. of the Imdving 'vehicles, speeds, decelera-
tions, distances and time periods involved).

By the end of 1987, 380 accident cases had been analysed.

What is the overall result? First of all, the developing of a
method to reconstruct and. analyse accidents, based. on the
breaking down of the accident sequence into driving, disconti
nuity, emergency and impact situations. Then, a data bank of
in-depth data used for thematic studies. Finally, the drawing
up of hypotheses to be confirmed by more suitable methods: ob
servation, experiments carried (nu: in. laboratories, (ml the
road and using driving simulators.

III) My first remark concerns the contents of the collection.
The term "in depth investigation" automatically brings to mind
an additional, or at least a specific data collection, when
compared with collections currently available (e.g. police re-
cords). This additional collection depends CH1 the purpose of
the study, and, v u : is more important, the hypotheses with
regard to the accident causing mechanisms, and the theoretical
models which are used as a base. This defines not only what
should be collected, but how this should be done. Furthermore,
the question of what the collection contains is linked to that
of utilisation.

For example, seen from my standpoint as a psychologist, when
EDA was started up in 1980, the sequential functioning model
used for the <iriver' was .relatively' limited, of the
"perception decision~action" type. Later, this model was deve
IOped by integrating cognitive psychology and artificial in-
telligence (concepts (n3 mental. representations, schemas enui
scripts, production rules, hierarchy of time activity control
level, hypotheses as to the categorization of the environment
by the driver, etc).

The first important point, under discussion at the present ti-
me, is to perfect the method used to collect accident data so
as to make it possible to work at this level of theory.

The second important point is that of the reusing of the data
collected before the theory was studied in depth. As could be
expected, even if they are of cmmsiderable general interest,
the data contained in the data bank cannot be used to answer
questions which were not asked when these data were collected.

The third. important. point is t u : of data. aggregation In
other words, can the type of data and the use of these data
make it possible to move from the analysis of individual cases
to that of cases grouped together in categories?
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The aim of this regrouping is, for example, to describe acci
dent typologies not only in terms of descriptive variables of
the "top down" type, but in terms of accident scenarios, pro
cesses or mechanisms. This point is important, as these are
the results which provide the superior information expected
from "bottom up" in-depth investigations, as compared to the
information provided by traditional files.

IV) My second remark concerns the use of verbal data when ana-
lysing an accident. The interviewing of those involved is an
important and indispensable part of the data which is collec-
ted. It must be noted that these interviews are carried out on
the scene 157 researoh psychologists themselves. 11: is usual
for psychologists (and for researchers in general) to question
these accounts. Some are ci 1 u3 opinion that they cannot be
used. I do not agree with this. There are three points which
are worthy of discussion in this respect.

The first criticism is that it is impossible to rely upon an
account given by someone who has just been involved in an ac~
cident. I shall respond briefly by saying that it the psycho-
logist who is carrying out the interview who should ensure
that this does not. arise. (hi 61 more ibasic level, careful
checks are carried out to ensure that the account is consis-
tent with the collection data (marks, kinematic reconstruc
tion).

The second criticism concerns the nature of what can or cannot
be memorized during such an event. It is true that there is a
deviation between verbal accounts and behaviour when this be
haviour is controlled by automatisms (cf skill based level,
Rasmussen). During an accident, however, the driver is faced
with a problem solving situation, and functions at a superior
level of conscience which enhances memorization (of knowledge
based level, Rasmussen). It is therefore reasonable to hope to
reach the results of his mental activity. In my own experien
ce, it is in fact possible to obtain valid accounts which in
clude erroneous interpretations of the situations, unfulfilled
expectations, intentions which did not materialize, and there
fore singleecnn: the event which determines the start of the
emergency situation which precedes the impact.

The third criticism concerns the limitations of verbal mate
rial to gain access to not only the results but also to the
mental activity itself. In my opinion this criticism is justi
fied. The investigation must therefore be based on methods
other than the interview alone. This point is under considera-
tion at present. We advocate backing up the interviews using
such means as on site and on board observations, slide commen
taries or video films.
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I have nevertheless attempted to use theaccident data to des-
cribe the way in which junctions are crossed in the form of a
chart (a combination of procedural programme and production
rules such as ' if .... then"). I have singled.cnn: the human
malfunctions collected and have placed them within this proce
dural framework. Given the limitations of the data used, this
result remains hypothetical... It must be confirmed by compa
ring it to the observation approaches carried out by my col-
league F. Saad (cf Road Session : safety at junctions).

V) My third remark relates to the way in which data is collec
ted : "on scene" or deferred? Our experience shows that defer-
red collection is less reliable than "on scene".

With regard to witnesses, it is easy to assert that the more
recent the collection, the more accurate it is. A second more
important reason is that it is known that the quality of the
restitution of memory recall is better when the context of the
restitution.:reproduces time memorizing' context. CNN; accident
account is made easier and more accurate when it is produced
on the scene of the event itself. The third reason is more im-
portant : it is known that with time, consecutive rationaliza
tions, or information obtained by the driver after the event,
enhance and distort the recollection. Man is not a rational
being but a being who rationalizes. This bias takes effect
very rapidly.

The need for "on scene" collection also applies to the other
system components. Marks are indispensable for the kinematic
reconstruction, and will later disappear. The context will, in
time, be modified (condition of road markings, the carriage
way, visual sounds or factors likely to impede visibility)...

My conclusion will be that, from our point of view, we started
by using in depth investigation on.éu1 exploratory basis, the
purpose of which corresponded to the level of our knowledge
and our questions at that time : to improve knowledge of acci~
dent mechanisms, define new hypotheses and new directions for
research. We are now directing our efforts towards more finely
targetted in-depth investigations, so as to be able to include
them in an analysis system for a specific and well defined ca-
tegory of accidents.

In View of our present level of knowledge and the directions
being undertaken for research work, we consider in depth stu-
dies to be both a part and a stage of a research set. The va
lidity of this is in itself insufficient, but it is neverthe
less indispensable.

Aknowledgements: II would like 1x3 thank Eh: Fleury vdu: kindly
read over the manuscript.
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Third European Workshopon Recent Developments in Road Safety

Research. Linkoping April 26-27, 1990.

Methodology session: Simulators in safety studies

Lisbeth Harms, VTI

INTRODUCTION

The simulator approach to the study of driving behavior is a

hybrid research method bringing together qualities of both

laboratory studies and field studies of driving. Actually a

driving simulator is a laboratory facility but contrary to

traditional laboratory facilities driving simulators are de-

dicated research tools for the study of driving. Driving si-

mulators provide more or less sophisticated interactive models

of the driving environment including the drivers visual field

and sometimes car movements and car sounds are also simulated.

Simulators are usually equipped with the same instrumental

set-up as are real cars.

One of the main topics of simulator studies may be the inter

action between some prespecified variations of the simulator

model and the corresponding control operations performed by

subjects presented with this model.

While the possibility of investigating driving behavior under

conditions of strict experimental control is welcomed by most

human factors researchers, the specification of the driving

environment is a delicate problem to simulator users. The

simulator model may be accused for "lack of realism" and as much

skepticism against simulator studies arises from the abtence of

complete correspondance between the reality and the model of

reality provided in driving simulators.

THE CORRESPONDANCE PROBLEM IN DRIVING SIMULATION

The very idea of simulation is actually imbedded in the general
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construction of simulators. They are, almost literally, build on

the assumption that the information contained in the environment

is a main determinant of subjects activity. In the presence of

a good simulation of a task subjects are supposed to act like

they would do if they were presented with the real task. The

correspondance between the real task and the simulated task may

therefore be a most important factor to the generation of repre

sentative operational strategies in simulators.

Obviously the correspondance problem is much more serious in

driving simulation than in simulations of tasks based on instru-

mented environments. The simulation of the driving environment

is not a one-to-one mapping of reality such as simulation of an

instrumented environments may be. In a driving simulator sub-

jects are presented with some main characteristics of the en-

vironment. Although the representation of the driving environ-

ment creates a strong impression of driving on a road, it may be

argued that in the absence of a "critcal cues" subjects opera-

tional strategy may change. The lack of correspondance between

the reality and the simulator model of driving implies that the

oprational strategies observed in driving imulations may not be

representative driving strategies.

LACK OF SPEED CUES AS A SOURCE OF UNCERTAINTY

The correspondance problem is not a theoretical finesse it is

manifest in the distorted speed experience in driving simu-

lators. The distortion is strongest in the absence of a moving

base, but also the poverty of the visual environment accounts

for the lack of sufficient speed cues. This may be a heavy

argument against the use of driving simulators for studies

including subjects speedcontrol, and as a matter of fact some

simulator studies have used a fixed speed level. While this may

reasonable for a few experimental applications it may be very

inconvenient in others as the speed control is likly to be an

important factor in the drivers general control strategy.

Furthermore, driving simulation may be almost the only mean of
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investigating some important aspects of driving speed. One such

aspect of driving speed is its importance to the maintainance of

optimal performance in different driving environments. Driving

speed and variations of driving speed should be considered mea-

sures of human performance only in the context of the drivers

control strategy in response to environmental factors.

PSYCHOLOGIAL ASPECTS OF DRIVING SPEED

The level of driving speed is generally determined by decisions

taken by authorioties and/or by individuals. This aspect of

speed control is usually referred to as a compromise between

mobility and safety goals of driving. Inferring from the

continuos adjustments of speed to the variations of traffic

environments, it is likely to suggest that the decisions about a

convenient speed level is submitted to the influence of envi

ronmental change. This aspect of driving speed may be referred

to as the immediate influence_of environmental cues on driving

speed and it may be associated with the drivers perception of

risk. However, as the variation is caused by environmental cues

and hardly by suddenchanges of the driver s accepted risk, it

is likely that this aspect of driving speed depend of the

general layout of the driving environments. As the spontaneous

speed adjusments is caused by environmental cues, human factor

studies of traffic safety should be concerned with the evalu-

ation of their effects on the drivers general performance.

For this research purpose it is important to distinguish the

possible causes and the possible effects of the spontaneous

speed adjustments. As driving speed may neiter automatically

improve nor maintain driving performance, the investigation of

the importance of certain environmental layout to the sponta-

neous speed adjustements is one topic of interest, another topic

of interest is the effects of such speed adjustments on driving

performance. The measurement of driving performnce may include

the subjects performance in responding to a certain tasks,

their information processing performance, etc.
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Actually studies of the causes and effects of spontaneous speed

variations are heavily dependent upon the use of task simulation

and driving simulators may be valuable research tools for such

purposes. Although the lack of sufficient speed cues may influ-

ence the observed speed level in a quantitative way, this do not

impair qualitative studies of the importance of speed control to

subjects performance. The demonstration of the speed reducing

effects of environmental cues is important to the general design

of the traffic environments and also the evaluation of the ef-

fects of such spontaneous speed variation on subjects perfor-

mance is crucial to the evaluation of of traffic safety in

specific driving environments.

In fact the use of driving simulators for advanced human factor

studies may contribute to the improvment of the general concept

of the driver and in consequenct to improve the interaction.

between the driver and the driving environments.
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Third European Workshop on Recent Developments in Road Safety

Research

Linkoping, April 26-27, 1990

Methodology session: Simulators in safety studies

Comments on Lisbeth Harms' paper by Wiel Janssen, TN0 Institute for Perception,

Soesterberg, The Netherlands

Introduction

Lisbeth Harms develops interesting views on the correspondence problem in driving

simulation, in particular in connection with speed choice and speed variation. In this

context there is a question which she hardly touches upon, though it should be

considered as essential in driving simulation as the "environmental" correspondence

problem. This is the question of motivation.

Safety is always the product of an interaction between some motive and some

external (environmental) condition. It is not only the environmental condition that

should correspond: it is the entire interaction that should, with suf cient validity, be

reproduced in the simulation if we really are to study safety.

Motivation and Environment

People do not enter traf c with empty minds. They usually undertake a trip for a

purpose, some bene t to be achieved at their destination, for the sake of which they

are prepared to take some risk. A good analogy is that taking part in traf c is like

selecting one from a row of hats that contain slips of paper on which, in different

proportions, is written: "Accident! ". You make the choice of hat, after which the

drawing is random. For example, if we look at speed choice while driving an

automobile there is considerable freedom in selecting the speed, given practically

any environment you might nd yourself in.

The general question now is: how can the motivational component - the reasons you

have for taking one hat rather than another - in its interaction with an environment,

be studied in a simulator? Or: how can motivation be simulated?
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I have no general answer to this question. My point is that the question should be

given more consideration in the design of simulator studies than has hitherto been

the case. Some ways of inducing motivation will be considered in the remainder of

this comment.

Pay-off Structures

A common way of manipulating motivation in psychological experiments is to

impose a pay-off structure upon the subject, that is, a scheme of punishments and

rewards - in the form of merit and demerit points possibly standingfor amounts of

money - contingent upon the occurrence of certain events that are the outcome of

the subject's behavioural choices.

A pay-off scheme may often be the only sensible way of controlling motivation.

However, there are always two fundamental dif culties associated with it: (1) Not

all motivation can always be caught in economic (monetary) terms (2), There is no

way of knowing whether a certain pay-off scheme is quantitatively similar to the

weight of the "real" motives.

Inducing "Real" Motivation

An important difference between Ss hired to take part in a simulator experiment and

real drivers, when it comes to speed choice, lies in the value of time. Experimenters

usually hire and pay Ss for, say, half a day, more or less irrespective of how long it

actually takes them to perform the experiment proper. That is, once Ss are in the

experiment it does not matter very much to them how long it takes: the value of

time has been effectively neutralized. Most drivers in the real world, however, have

a value attached to time. Most of them, I guess, would state that they are more or

less in a hurry.

My recommendation, as far as experiments on speed choice are concerned, is to try

to standardize the Ss' feeling of being in a hurry to some realistic level. For

example, some (mild) form of being in a hurry could be induced in an S by telling

him that it does matter that he nishes the ride within a reasonable time, by pointing

to the "sandwich" - like design of the experiment, i e, a schedule comprising several

Ss which should be completed within the half day available.
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Motivation as Imagined

Another way to solve the motivational question is to specify an "as if" condition to

85: like, imagine that you are late for an appointment, that you are a busy salesman,

etc.

There is never a guarantee, of course, that Ss are capable of playing an exact replica

of a hurried salesman. An instruction like this might simply serve the purpose of

standardizing the S's state of being in a hurry to some degree. It is my feeling,

however, that this purpose may be achieved somewhat better by the previous

possibility, that of inducing a "real" motive.

Conclusion

Driver behaviour is determined both by 'a priori' motives and by the actual

environment. While the role of the latter and its representation in driving simulation

has been discussed extensively this is not the case for the former. This comment has

attempted to identify the problem and to indicate some very general ways in which

it could be overcome in the context of simulator experiments.
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3rd European Workshop on Recent Developments in Road Safety Research. Linkoping, April 26 27, 1990.

Simulators in Safety Studies: Complementary II .

Wolf-Dieter Kappler

Forschungsinstitut fiir Anthropotechnik FAT-FGAN

(Research Institute for Human Engineering)

D-5307 Wachtberg, F.R.Germany

1. Introduction

Driving tasks may be represented with three hierarchical control levels: Navigation, guidance,

and stabilization. At the navigation level, the route to an intended goal is selected from the road

network. Atthe guidance level the intended vehicle path, e.g. , is selected in consideration of traf-

fic situation, regulations, etc. At the stabilization level, the actual vehicle path is adjusted within

driving conditions. In none ofthese task levels external factors, e. g., rules, are as restrictive as in

ight operations, 6. g., and drivers are rather free to make decisions and take actions. As a conse-

quence social behavior and attention, e. g., seem to have more in uence on driving safety than

driving-skills, e. g., and should be investigated.

Rasmussen (1983) distinguishes three levels of behavior: Knowledge-based, rule-based and

skill based. Well known examples are: Negotiating with unknown situations, dealing with traf-

fic rules, and vehicle handling. One goal of safety research is to reduce con icts as well as their

consequences mainly on high levels of behavior, in social context, e. g., or to enable drivers to

dedicate more attention to high levels by reducing the need for activity on lower levels. Vehicle

handling research, e.g., has shown the advantages of vehicle characteristics more compatible to

human control characteristics. Any investigation of skill-based behavior alone may only result in

reduced effects on safety, and it seems worthwhile to designate research effort directly to high

levels of behavior and performance, and to motivation.

2. Validity

Known simulator studies have mainly investigated skill based performance. How may they be

used effectively for investigating knowledge- and rule-based behavior? With any simulator

study, elaborate or simple, the key issue is validity of the tasks and test results (not ofthe simula-

tor). According to Anastasi (1968) , three types ofvalidity have to be distinguished: Content, con-

struct, and criterion-related validity.

Contentvalidity means that the experiment provokes the kind of performance which it intends to

measure. This is usually taken for granted. A frequently discussed type ofcontent validity is face

validity. This refers to what a test appears superficially to measure, not to what it actually meas-

ures. Face validity is not a desirable feature itself and shouldnot be regarded as a substitute for ob-

jectively determined content validity. Nevertheless face validity may improve the acceptance of

a test, and subject motivation and cooperation. But still, it can not be assumed that improving the

face validity of a test will improve its contentvalidity. Construct validity is a higherlevel validity

referring to the concept underlying an experiment and de ning to which extent the test item is a

sample of the items defined by the concept under investigation.
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gzriterion-related validity refers to results of a statistical relationship between test scores and re-

lated external criteria from actual driving. It has been argued that there is no need forcriterion-re-

lated validity ifthere is suf cient construct and content validity. The reason is iffor each simula-

tion study quantitative measures have to be correlated to those ofactual driving, simulation could

be abandoned from the beginning. (This is not true for training with frequent repetitions of the

same tasks. Then criterion related validity of those tasks hasto be established.) Anotherproblem

arises from the quantitative nature of correlations requiring a minimum amount of samples for

determining significance. It remains unclear, how to produce a suf cient amount of real-world

data from emergency driving situations, or fromperformance with future vehicles, e.g. , without

realizing the system beforehand in order to obtain quantitative measurements.

Consequently, for many simulation studies criterion-related validity cannot be established, and

with simulation we should mainly stress on qualitative validity. Thisrefers to the extent to which

simulator study results are correct when compared to observations from the real system as has

been pointed out by Hollnagel (1981). This is basically the meaning of content validity, and for

the sake of simplicity construct validity shall be summarized under this term, too. How can con-

tent validity be assured? It is certainly not possible to provide absolute content validity, but there

are a number ofknown and reasonable criteria whichdo increase the validity ofsimulator studies.

2.1 Representativity

One set ofcriteria may be summarized under representativity. First is that selections of the exper-

imental situation and task have to be representative in order to guarantee for the kind of task per-

formanceto be investigated. Secondis that the subject sample has to berepresentative of the pop

ulation to be investigated. Third is that the data, which are of adifferent kind and farmore exten-

sive when measured in a simulator, have to be representative.

2.2 Human Factors Requirements

Past experience and considerations have led to another set ofrequirements derived fromHuman

Factors expertise that are known to improve the validity of simulator studies. Some of those Hu-

man Factors requirements are listed below.

Since the driver senses most stimuli through visual inputs, the outside forward view is the most

important subsystem and has to be presented in real-time. This is the password. It is defined by

several variables. Minimum update rates, e.g., depend on the kind of task. For vehicle handling

testing, a rate of60 Hz enables perception of fast, but smooth motions. For steady state tasks the

rate may be as low as 30 Hz. Maximum transport delay between driver manual input and visual

output is about 60 ms. Screen resolution should be 1 M pixels to enable detection oftraf c sig-

nals, e. g. A table of 16Mcolours avoids striking colors leading to misperceptions. De nition and

amount of on-screen polygons or meshes is still under discussion. 2.000 independent, arbitrarily

oriented, fully coloured and shaded on-screen polygons at 30 Hz seem realizable at reasonable

costs. Depth resolution should guarantee for sufficient visual acuitywithin viewing distance.

Occultation of objects should not affect update rates. Polygon edges should be antialiased. For re-

alistic acceleration and speedperception, texture is compelling including perspective, antialias-

ing and mapping. Fading is required with different levels of detail in order to avoid pop-up ef-

fects. Thefield ofview could cover 160°* 60°, horizontally and vertically, and resolution should

be identical in both dimensions. Requirements include fog and haze, and sophisticated light and

shading models. Data base size should prevent de motivating repetitions of the same scenario.
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In order to be able to investigate driver behavior in a social context, i.e., drivers interacting with

drivers, a simulator network is required. With this technique, unrealistic and mathematically

modelled non-interactive "behavior" can be avoided. Specifications ofother subsystems include

realistic auditory simulation with wind, engine, tire, and environmental cues. A minimum mo

tion simulation concept provides roll andvibration in order to prevent perception of living room-

like motion states. Acceleration simulation concepts, combined rotation-translation, e. g., are

still under investigation leading to task-oriented specifications. All those Human Factors re-

quirements improve the content validity of single studies andenlarge theirmeaning ifconsidered

altogether.

2.3 Ratings

Most ofthe above criteria had been established in order to create the illusion tothe driver that the

real task is carried out in thereal world, i.e. , the driver shall sense, perceive, integrate andjudge all

relevant stimuli as in the real world. Consequently, with all criteria considered, the content validi-

ty ofa simulation study may be determined by having the driverjudge the quality of this illusion.

An ideal measure seems to be the rating. If an adequate rating scale is applied properly in arepre-

sentative testincluding a representative sample of subjects, ratings may produce quantitative da-

ta for determining validity. These data may even be correlated with those from the real situation,

if available. This would then allow to determine criterion-related validity.

3. Conclusions

The key issue ofsimulation is validity. There is no validity of a simulator as such. Qualitative va-

lidity of simulator studies may be determined applying an integrated set of available experimen-

tal and technical requirements. Ratings are suggested for measuring validity quantitatively.

Since simulators are not just replacements of cars or trucks their use changes experimental de-

signs as a whole. This results in the need for specific research concepts that might differ very

much from the way studies using vehicles are conducted. Extensive automatized control of ex-

periments, e. g., enables on-line error handling and adaptive methods. The complete lack ofcon

sequences ofdriver actions(danger) in simulators causes the need for developing other methods

stressing on realistic behavior and motivation, e.g., incentives.
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Third European Workshop on Recent Developments in Road Safety Research

Road Surface and Safety. Results from the Swedish Subproject in the
Nordic Project TOVE.

by Rein Schandersson, VTI

Background

Varying results have been reported regarding the influence of pavement
condition (ruts, unevenness, friction etc) on accident rate.

 

In (4) was reported that resurfacing lowered the accident rate. On the
_ other hand results in (5) showed a lower accident rate for worn pave-
ments compared to less worn ones. A third view was reflected in (6),
where the results made the authors conclude that "an increase in pave-
ment surface grading might improve traffic safety or, conversely, wor
sen traffic safety, depending on the geometric and traffical characte-
ristics". A recent overview (7) says that resurfacing of rural roads
initially gives a small increase in accident rate.

Based on Finnish results (5) an explanatory model has been proposed,
which says that

0 during very rainy days theaccident rate is higher on worn,
rutted pavements than on less worn pavements

0 during days with little or no rain the accident rate is lower
on worn, rutted roads

0 taken together these two phenomena gives an average accident
rate that is lower for roads with worn pavements

The model is visualized in figure 1 below (---- indicates average
accident rate):

accident

rate A D dry road surface
wet road surface

       

 

  

good pavement worn pavement

Figure l Explanatory model for the relation between pavement condition
and accident rate.

VTI RAPPORT 3 6 6A



46

Objectives

Project TOVE1 had the objectives to shed some light upon the obscure
picture of how pavement surface conditions influence traffic safety.
Several different aspects of the problem were treated (see (8), (9),

(10), (11)). The whole project was summarized in (12).

This paper only discusses results obtained in the Swedish subproject
(9) of TOVE.

The objective in that part was to test the explanatory model presented
above on data from roads with known pavement surface conditions.

Data

The material comprised data from Nordic road surface measurements of
paved roads in 1982-86 supplemented with information on traffic acci-
dents, traffic volumes and variations, road design, speed limits,
pavement data and weather.

A total of 10914 road sections with a length of 18567 km were ana-
lyzed. All had an average daily traffic higher than 1500 vehicles and
a speed limit of 70 km/h or higher, i. e. almost all were rural roads
with medium or high traffic volumes. The analysis was based on 2886
traffic accidents resulting in injuries. All accidents in junctions
were excluded. Data from Finland and Sweden dominated, while compara-
tively little material was from Denmark and Norway.

Data from road surface measurements rut depth and unevenness were
'- used to classify the road sections into two groups: those with good

pavement surfacesand those with poorer. For the major part of the
material this classification was based only on rut depth values. For
Danish data, which were few, the classification was based only on un-
evenness/roughness.

The difficulties in obtaining the exact date for surface measurements
made it necessary to exclude road sections which had been resurfaced
during the measurement year. This implies that very new and and very
worn pavements were excluded from the investigation.

Therefore the two groups compared were roads with slightly worn pave-
ments and roads with slightly more worn pavements. It was not a com-
parison between the best and worst pavement surfaces.

  

Results

The dominating results from the analysis completely agreed with the
explanatory model presented earlier. As an illustration figure 2 shows

 

1. The abbreviation TOVE only makes sense in Swedish. It
translates to "Traffic Safety and Road Surface Properties".
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the accident rate for the two different pavement surface conditions -
both as an average (the top bar in each group) and for days with dif-
ferent amount of precipitation (the other 3 bars in each group).

Good

pavement
surfaces

Poorer

pavement
surfaces

    

Precipitation
per day

All classes 10.6

< 0.1 mm _******************* 9.3

0.1-10 mm _************************ 11.9
> mm _**********************

All classes 9.9

< 0.1 mm _***************** 8.6
0.1-10 mm _********************** 10.9

> mm _******************************

>

accident rate

(acc/lOO M vhkm)

Figure 2 Accident rate (injury accidents per 100 million vehicle
kilometers) for "go

ditions. Average (med?

 

classes (****). Based on all material (2886 accidents).

The figure shows that

o the average accident rate - the top row in each group - is
lower for roads with "poorer" pavement surfaces than for
those with "good" surfaces

0 this difference is caused by the lower accident rate during
days with little (less than 0.1 millimetre per day) or medium

precipitation (0.1 - 10 millimetres per day)

0 however, during days with more precipitation than 10 milli-
metres the accident rate is higher on "poorer" pavement sur-
faces

There were minor discrepancies from the main results. One was that
data for Norway averaged over all precipitation classes showed an
accident rate for "poorer" pavement surfaces that was higher than the
one for "good" surfaces. However, the results for different precipita-
tion classes showed the same pattern as that described above. One
cause for the Norwegian results is a large number of days with much
precipitation.

A division into summer (mid April to mid October) and winter (mid
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October to mid April) showed that

0 almost all the positive traffic safety effect for "poorer"
pavement surfaces was dueto differences during summer

0 there were only minor differences during the winter - with a
slight tendency to a higher accident rate for "poorer" pave-
ment surfaces

When data for the winter were subdivided into temperature classes it
turned out that

0 during days with an average temperature above +2O centigrade
the accident rate was lower for "poorer" pavement surfaces
than for "good" surfaces

0 during days with lower temperatures these "poorer" pavement
surfaces showed the highest accident rate

From these results the conclusion was drawn that the lower accident
rate for "poorer" pavement surfaces probably is caused by effects
related to the bare road surface, i. e. periods without snow.

When data were grouped according to values for different road para-
metres - inter alia road type, road width, speed limit, traffic volume
and pavement type - the same pattern emerged for the accident rate.
Data were also subdivided with several road parameter values kept
constant and similar results emerged once again.

These analyses of different subgroups showed that the accident rate
pattern was consistent and independent of the most important road
parameters.

The analyses of accident distributions showed that during summer

0 a lower proportion of the accidents on "poorer" pavement sur-
faces occur in darkness or dusk (and a higher proportion in
daylight) compared to the distribution for "good" surfaces.
No such difference could be found for winter data.

0 the injury consequences (number of injured or killed per
accident) were less severe for roads with "poorer" pavement
surfaces. The reverse was found for winter data.

0 a very weak tendency towards a lower proportion of accidents
on dry road surfaces (and higher on wet surfaces) on the
roads with "poorer" pavement surfaces compared to roads with
better surfaces.

Potential error sources

There were some uncertainties regarding the generality of the results.
They were related to the heterogenity in data (material from four
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countries), the amount of data and possible bias.

The material was heterogenous since each country had used different
methods for road surface measurements and also measured different road

surface properties.

In several instances data were insufficient to give statistically
significant results, although the differences were substantial. Some
separate analyses were performed for subgroups, but the limited amount
of data also restricted these possibilities.

The investigation did not include actual measurements of pavement sur-
faces. The data used had originally been collected by Nordic road
authorities at different times and for different purposes. This may
have caused bias in data.

Since the investigation relied upon secondary data uncontrolled co-
variation between road factors and pavement surface condition may have
been present. To some extent such co-variation was eliminated by the
the separate analyses of subsamples, but other factors, besides the
one included in the data, may have contributed to the differences in
accident rate.

Discussion

The findings in the investigation supports the explanatory model that
was tested. It shows that

o the "base" accident rate (during days with no or very little
precipitation) is lower on "poorer" pavement surfaces than on
better ones

0 the increse in accident rate with increasing precipitation is
steeper for roads with "poorer" pavement surfaces

Since different regions and different countries experience different
annual precipitation and since vehicle mileage then is differently
distributed on precipitation classes, this might explain some of the
deviating results found in different investigations.

When it comes to why a "poorer" road surface in dry weather leads to
lower accident rate, different hypotheses are possible. Several
investigations (eg. (11)) have shown that vehicle speeds decrease
somewhat as the pavement surface deteriorates. The lower speeds are
also indicated by the less severe accident consequences on roads with
worn pavements (see "Results" above).

However, the magnitude of such speed decreases are only 1-2 km/h and
can only explain part of the differences in accident rate found in the
TOVE project. There has to be other contributing factors as well.

Three such factors or mechanisms have been proposed:
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o pavement ruts "channels" the traffic and leads to less
lateral variation both for individual vehicles and between
vehicles. There are possibly also fewer overtakings.

o a worn pavement makes the driver more observant on the road
surface. Possibly headways will increase to allow more time
to observe the roadway.

0 driving on a worn road surface might increase driver
attention leading to fewer accidents. There could possibly
also be "aftereffects" on better road sections.

It is not possible in this paper to digress on these mechanisms. The
quantitative aspects of the first two (headways and lateral position).
are comparatively easy to investigate. The third one, which is related
to the more general question of how drivers experience different
pavement surfaces, requires a much more complex approach.

Regardless of whether any or all of these behavioural mechanisms apply
to the findings in the Swedish subproject of TOVE, it must be
concluded that traditional, quantitative accident analyses need
supplement by investigations of how drivers experience and react to
different road and environment conditions. With more knowledge in
these matters quantitative results would have more support. It would
perhaps also lead to formulation of more firmly based hypotheses,
which could be tested on accident data.
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Third European Workshop on Recent

Developments in Road Safety Research

Comments to Rein Schanderssons paper dealing with

ROAD SURFACE AND SAFETY -
Results from the Swedish Subproject in
the Nordic Project TOVE.

by Harri Peltola, Technical Research Centre of Finland

In the short presentation there has not been a possibility

to discuss about many interesting points of the study:

1)

2)

3)

The accident data has been gathered by the police. There

has not been discussed how big an error source is the

varying degree of police reporting. It could for example

be that certain types of accidents tend to occur on

poorer road surface conditions. This possibility with

the fact that the degree of police reporting varies very

much by the accident type, could possibly cause some

bias to data.

The effects of pavement condition is probably quite

It should be

very interesting to know if there is a theory or results

(e.g.

single accident and other' car

different on different types of accidents.

according to the type of accident? animal, un

protected road. user,

accident categories).

Very little is said about the significance of results.

Significance can not be judged without information 'of

the accident numbers for each condition. For example it

is probable that the number of accidents when high

precipitation are quite low if figure 2.
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Roads with little traffic are allowed to have poorer

road pavement conditions than roads with much traffic.

Is it possible that this causes bias to data, because

the amount of traffic can have an effect to accident

rate? According to Finnish data the accident rate gets

smaller when the average daily traffic (ADT) increases.

The material has been divided into summer and winter but

nothing has been said about the differences between

northern and southern parts of Nordic countries. Their

wintertime conditions and e.g. the use of studded tires

is probably quite different.

When talking about the effects of certain precipita-

tion, it should be interesting to know, hOW big the dif

ferences are between Nordic countries. One gets even

more curious when reading that in Norway there was a

large number of days with muchprecipitation.

What do the results mean in practice? What kind of

recommendations one could give according to this study?

It is a little pity, that the worst pavement surfaces

can not be studied like this. It should be very inter

esting to know, what happens on roads where the condi

tions are jpoorest. The road. authorities are surely

interested whether they could allow even deeper ruts

than the current resurfacing limit 'without getting

higher accident risks. To get this kind of information

a specially arranged study should be done.

REFERENCES

(l) Hauer, E., Hakkert, S., Extent and Some Implications of

Incomplete Accident Reporting. Transportation Research

Record 1185. Washington 1988. p. 1 10.
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Traffic Division

Contribution to the Third European Workshop on Recent Developments

in Road Safety Research at VTI April 26-27.

TRAFFIC SAFETY AT JUNCTIONS

by

Ulf Br de

Introduction

Junctions constitute especially accident-intensive points in the

road network. In Swedish rural areas, 25 percent of the accidents

occur at junctions, wildlife accidents excluded. In urban areas,

more than half the accidents occur at junctions.

VTI has carried out several research projects aimed at improving

knowledge regarding traffic safety at junctions. Most attention has

been devoted to grade junctions in rural environments.

The road authorities need information to:

- determine "normal" (predicted) number of accidents, injury con-

sequences (number of injured or killed per accident) and con-

flict type distributions. This knowledge is used in determining

the necessity of modifying a junction.

estimate traffic safety effects due to' countermeasures such as

channelisation, lighting, right-of-way control, permitted speed

etc. This is used both to 'set up guidelines for the design of

junctions and for cost/benefit analysis when considering modi~'

fication of a junction.
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Something about research.methods

There are several methodological difficulties in this type of studi-

es. Every junction is more or less unique. Experimental studies can

seldom, or ever, be performed.

Cross-section studies ("all factors except one constant"), as mul-

tiple regression analysis or other methods, normally underestimate

the countermeasure effects. In practise, all other factors can not

be considered. For example, a yield sign is often replaced by a stop

sign when many accidents have occured due to bad sight or something

else. Even if stop signs would be safer than yield signs, cross-

section studies would not necessarily show this.

Non-experimental before-and-after studies normally overestimate the

effects - if the regression-to-the mean is not eliminated. The

diagram below shows in general terms how large the regression effect

may normally be expected when performing before-and-after studies of

the effects on the number of accidents. In practise, the regression

effect is often between 5 and 30%.

Normal regression effect

 

  

w; "Normal regression

T: effect" as a function

;_ of the mean number of

w- accidents in the

W V population from which

: the biased sample has

:_ I I /¢ZZZZ;;Q been taken.

n B 1 w 1III] ll I
II\01235561391011 1613131920

Average no of accidents

It is desirable to have a method that can be used for individual

road objects, such as junctions, and which corrects for both ran-

domly large and randomly small accident numbers. VTI has proposed a
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method which, relating to the before-period, takes into account both

the observed number of accidents (x) and the predicted number of

accidents (pred). This method constitutes a variant of a method

(Empirical Bayes Method) presented in foreign studies.

On the average, the adjusted expected ("true") number of accidents

can be calculated as

$1 = pred + a-pred/(l+a-pred) - (x-pred)

m is somewhere between the values "x" and "pred". The value of "a"

in this expression depends on the precision of the prediction mo-

dels. The better the precision, the smaller "a" becomes. Empiri-

cally, "a" can be estimated in different ways, for example by using

cross-validation.

Non-experimental before-and-after studies with elimination of the

regression effect might be the most efficient method to estimate

countermeasure effects. Also cross-section studies are useful for

this purpose. The two types of studies complement each other very

well.

Summary of results

The number of accidents occuring at a junction of a certain type

(3-/4-way junction, rural/urban, speed limit, unsignalised/signal-

ised/roundabouts/grade separated) depends mainly on the volume and

distribution of traffic on the primary and secondary roads. Using

empirical accident data, various prediction models have been deve-

loped. They all have the following structure:

accident rate (number of accidents/million entering vehicles)=

b c
a (IP+IS) (Is/(IP+IS))

or pred = acc.rate-(Ip+I$)-365-years~10-6

where Ip and IS are the number of entering vehicles per day and

night from the primary and secondary roads respectively.
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Accident rate
I . .

? ~3L The characteristic pattern

of the accident rate as a
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.::::::::::::::::::::::::::::::::: coming traffic and the

*x//fw,,_., - ~ ~ *' *" " ' proportion of traffic on
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The accident rate is on the average 1.5 - 2 times higher for 4-way

junctions than for 3-way junctions under comparable traffic con-

ditions. Furthermore, the injury consequences (the number of injured

or killed per accident reported to the police) is about 1.5 times as

great for 4-way junctions as for 3-way junctions.

With a larger proportion of traffic on the secondary road, it may be

advantageous to replace a 4-way junction by two staggered 3-way

junctions. In rural environments, a left-right stagger is recom-

mended and for urban environments a right-left stagger.

Left turns and crossing from secondary road to secondary road are

the most dangerous traffic movements at junctions. In rural environe

ments, left turns from the primary road are most dangerous. In urban

environments, however, left turns from the secondary road are most

dangerous.

 

4L. , _J IL. T
TF_W_7V
Dangerous traffic movements in
rural environments

u IL. JWL. T
WT W TF
Dangerous traffic movements in

urban environments
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A further reason for avoiding 4-way junctionsis that minor measures

such as channelisation offer only limited improvements in traffic

safety at this type of junction.

Lighting is an effective means of reducing accidents. The number of

accidents in darkness is reduced by about 30%, which is the same as

a reduction of about 10% in the total number of accidents.

Traffic islands on the secondary road reduce the number of accidents

at 4-way junctionsby some 10%. In those cases where the presence of

a primary road needs to be clarified the effect is greater.

Kerbstone channelisation of left turn lanes in the primary road has

proved to be a doubtful measure in rural environments. Although the

number of accidents between vehicles turning left and vehiCles

following them is reduced, the number of accidents of other types

increases. Kerbstone channelisation means that junctions become very

wide. There is also a risk of collisions with the traffic islands.

The latter problem can, however, be diminished with the aid of surr-

ounding barrier lines and high-intensity hazard markers on lane use

signs.
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Left-turn lanes in the primary road.marked only by painting have

proved effective at 3-way junctions in rural environments, the num-

ber of accidents falling by about 20%, possibly even more. In recent

years this type of measure has become increasingly common. Painted

left-turn bays mean a smaller conflict area width at junctions.

Also, the cost of this measure is less than that of kerbstone chan-

nelisation.

 

Traffic safety at 4-way junctions requires more comprehensive and

expensive measures. At 4-way junctions in or at the edge of urban

areas, roundabouts and traffic signals are very effective improve-

ments. Roundabouts reduce the injury consequences of accidents by

about 50%, while traffic signals reduce the number of accidents by

up to 50%. Grade separated junctions also reduce both the number of

accidents and the injury consequences by up to 50%.

Actual speeds increase with permitted speed. The severity of acci-

dents measured in terms of injury consequences is approximately

direct proportional to the kinetic energy that can be assumed for

the colliding vehicles in an accident. This means, for example, that

the injury consequences are about 1.5 - 2 times as great at a per-
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mitted speed of 70 km/h as at a permitted speed of 50 km/h, about

15% greater at 90 km/h compared to 70 km/h and about 25 % greater at

110 km/h as at 90 km/h. The results thus indicate clearly that lower

permitted speed improves traffic safety at junctions.

According to preliminary results of a present study, concerning

primarily rural junctions, stop signs are safer than yield signs.

Future research

A fairly good picture has now been obtained of the traffic safety

situation for junctions in rural environments. However, it will be

necessary also in the future to carry out new studiesin order to

succesively improve knowledge. There is also a great need for

further studies in urban environments. The latter will require data

from.municipal authorities to be more uniformly organised and easily

accessible than at present. A study with those aims is just now

going on.

References:

VTI Report 233, 240, 292, 310

VTI Bulletin 99, 361, 362, 511, 544, 545, 575, 579

VTI Memorandum "Factors influencing the number of accidents at

road junctions, the accident rate and injury

consequence/accident cost" (1986-10-27)
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Comments on the paper :

TRAFFIC SAFETY AT JUNCTIONS

By ULF BRUDE

The comments I would make on the theme of traffic safety at junction must be

considered as those of a psychologist involved in research on drivers' behaviour. I

wouldn't discuss the detail of the statistical methods used in the research presented by Ulf

Briide. I am sure that there will be in the seminar researchers more specialized than me to

discuss this point. As a psychologist, I am engaged in analytical approaches based on

micro-models of drivers' activity, and my main concern is the analysis of the underlying

mechanisms which may explain the drivers' behaviour in specific driving situations. I

hope that the elements I submit for discussion will not appear too far from the

preoccupation of the author.

I think that they will illustrate the problem presently at stake in road safety

research, which is the parallel development of macro-models of risk and micro-models,

trying to formalise drivers' behaviour and risk-taking at an individual level. The debate

may be seen as dealing with notions of intermediate criteria and their contribution to

safety diagnosis, the use of aggregate or analytical methodologies, as well as "Black box"

or "Glass box" approaches. The basic questions being: How do they contribute to

improve knowledge on safety factors and guide the choice of countermeasures. How can

they be articulated ?

The discussion will maybe be easier and more productive since it is not at a very

general level but it is centered on the analysis of a specific road situation: junction as an

object of research and of action (1).
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The main topics I propose to the discussion are the following:

* Some are questions about the prOposed model,

* The other concerns the contribution of analytical approach to safety diagnosis

and identi cation of countermeasures, based on the analysis of driving task demands and

of drivers' activity.

SOME QUESTIONS ABOUT THE PROPOSED MODEL

- What is the part of variance explained by the proposed model ?

Can the model be enriched by more detailed variables such as speeds or gaps acceptance

or visibility distances at the intersection ? More generally, is it possible to integrate others

types of variables and how ?

- How can the model be used in diagnosis to choose the type of intervention to

implement (complete change of the structure of the junction or improvement of the actual

junc on)?

THE CONTRIBUTION OF ANALYTICAL APPROACH TO SAFETY DIAGNOSIS AND

IDENTIFICATION OF COUNTERMEASURES

As a basis for discussion Ipropose a short presentation of an experimental study,

carried out recently at INRETS, on drivers' speed adjustement when crossing junctions

(2).

The aims of this study were to analyse drivers' strategies when passing through

_ intersections and to examine to what extent those strategies are linked to mental

representations of that type of road situation; to examine the role played by the

characteristics of the road infrastructure and the traf c situation in the choice of strategy

adopted; and to assess the role of driving experience in determining the mechanisms

underlying driving activity.

The methodology used entailed making observations from within a specially

equipped vehicle during an actual journey on the public highway. In addition, in-depth

interviews were conducted with each subject after the drive. All the subjects were

required to pass through five intersections, four of which were on a National road with

central islands at each junction and the other on a Departemental road with no central

island. At all the intersections concerned, there were road signs giving the subjects

priority over other users. Two groups of drivers were used for the experiment - one of

12 experienced motorists and one of 10 novices.
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The results revealed differences in speed adjustement according to the junction

and its characteristics. Some of these results may be discussed in the light of those

presented by Ulf Brtide, mainly those relative to the factors which appears to induce

drivers to slow down at the junction (structural constraint in the approach of the

intersection or visual evidence of the presence of the intersection, presence of visible

traf c on the others legs of the junction).

More generally, this research highlights the plurality of mechanisms that in uence

drivers' speed regulation in this type of road situation and thus the range of means that

could be used to influence their speed. A more extensive examination of these factors and

the mechanisms that come into play in the activity of driving seems warranted when one

considers the differences of behaviour observed between drivers performing the same

formal task - passing through an intersection where one has priority.

Despite the attendant constraints and difficulties, systematic study of behaviour in

real driving situation, represents in our view an essential approach for analysing

phenomena associated with certain traffic situations. It contributes to the analysis of

driving by describing drivers behaviour in traffic and analysing the psychological

activities underlying their interaction with the road environment. That knowledge of

drivers' actual practices is particularly important when it comes to improving the

ergonomics of the road system, whether in terms of the physical characteristics of the

road infrastructure or the design and evaluation of driving aids.

FKHIRMDREIb K U HC JAbH)EXC}UUW3E

(1) A seminar, recently organized at INRETS, illustrates the different aspects than can be

taken into account when dealing with this problem and the specific methodologies which

are used.

- Malaterre, G. et Ferrandez, F. (1989) - La prise en compte des comportements dans

l'ame nagements des intersections. Actes INRETS N°16. Journée Spécialisée du 17

Janvier 1989.

(2) - Saad, F., Delhomme, P et Van Elslande, P. (1990) - Driver's speed regulation

when negotiating intersections. In : Transportation and Traffic Theory. Proceedings of

the Eleventh International Symposium on Transportation and Traf c Theory. Yokohama,

Japan. 18-20 July , 1990. Koshi, M. ed. Elsevier.
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Third European Workshop on Recent Developments in Road Safety Research
VTI, Linkoping, April 26-27, 1990

COMMENTS TO ULF BRUDE S PAPER

"TRAFFIC SAFETY AT JUNCTIONS"

Rune Elvik

Institute of Transport Economics

P O Box 610 Etterstad, N-O602 OSLO 6, Norway

Introduction

The majority of accident blackspots is road junctions.

The concentration of accidents to junctions is not sur-

prising. Traffic can be very complex at junctions.

Unexpected manoeuvres will sometimes occur, with acci-

dents as the more or less inevitable consequence.

About one third of all police reported injury accidents

in Norway occurs at junctions. This proportion has re

mained virtually unchanged for a long time.

In these comments, I will briefly discuss three issues:

1.' The estimation of safety at junctions

The application of safety measures

3. Future research and development needs

The estimation of safetv at junctions

The safety of a road junction, indeed of any "entity"

in the traffic safety, is measured by its expected

number of accidents. The expected number of accidents

is the long term average numberof accidents expected

to occur per unit of time under conditions of unchanged

exposure and risk.
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The expected number of accidents for a single entity,

for example a specific junction, is never known with

certainty. The expected number of accidents is a theo

retical concept, which strictly speaking defies exact

measurement. It is nevertheless a very useful concept,

in that it clarifies, at least conceptually, the dis-

tinction between random and systematic variation in the

number of accidents.

In estimating 'safety at junctions, we want to purge

random variation from our estimates and purify systema-

tic variation. A good estimate is one that takes

account of all sources of systematic variation in the

number of accidents, but avoids spuriously taking

account of random variation in the number of accidents.

A sensible way of obtaining such an estimate, is to

develop a multivariate explanatory model of accident

occurrence. In my opinion, the dependent variable of

such a model ought to be the number of accidents, not

the accident rate, as is the case in the models devel

oped by VTI. There are at least three reasons for

preferring the number of accidents as the dependent va-

riable in multivariate models.

First, the number of accidents has a known residual

distribution containing pure random variation, the

Poisson distribution. This means that examining the ex-

planatory value of a multivariate model is straightfor-

ward. If the residuals are Poisson-distributed, the

model accounts for all systematic variation in the

number of accidents. If there is overdispersion in the

residuals, as is normally the case, the model will not

account for all systematic variation, but only part of

it. This "part", i e the amount of explained variance,
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can be quantified exactly. The implications of "incom-

plete" explanations for accident prediction are easily

worked out. The accident rate, i e the number of acci-

dents per million entering vehicles, has an unknown re-

sidual distribution. Assuming a normal distribution, as

VTI does, can only be justified if empirically verifi-

ed. Theoretically, there is no reason to think that the

residuals of the accident rate for a group of junctions

are normally distributed. They might just as well fit

some other distribution.

Second, by using the number of accidents as the depen-

dent variable, the relative contributions of exposure

and risk factors, respectively, as sources of systema-

tic variation in accidents can be easily worked out.

Such a partitioning can be of great practical interest.

It will allow us to say whether a high number of acci-

dents is caused by large traffic volumes or an ab-

normally high level of risk. The practical implications

will often differ in these two cases. If a high number

of accidents is caused chiefly by a large traffic

volume, options for improving safety may often be fewer

than they are when specific risk factors are also in

volved.

Third, the application of "treatment" at junctions is

often triggered by an abnormal recorded number of acci

dents. But an abnormal recorded number of accidents can

be entirely caused by random fluctuations. In that

case, the application of some road safety measure will

at best be wasted, at worst lead to a deterioration of

safety. We ought to be able to make at least some con-

ditional statements concerning the likelihood that the

recorded number of accidents at a specific junction is

chiefly due to random variation. This is only possible
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if the residual distribution of our multivariate models

is known.

These comments should not be interpreted as a rejection

of the substantive content of the models VTI has devel-

oped for explaining accident occurrence at road junc

tions. On the contrary, I believe that these models do

in fact capture the most important variables. Also, I

find the relationships estimated between these variab

les logical and largely conforming to the results of

other research.

I do not think there are any disagreements between Ulf

Brude and me concerning which variables are most impor-

tant for explaining road accidents at junctions, nor

concerning the effects of these variables. But I do

think that our opinions differ concerning some of the

technicalities of multivariate accident modelling. In

the overall picture, I consider these differences of

opinion to be of relatively minor importance.

Safety measures at road junctions

Basically, the concentration of accidents at junctions

is due to two "laws" of accident risk. The "law of

complexity" states that when the number of new items of

information per unit of time increases, the probability

that some relevant item will be overlooked increases,

leading to potentially hazardous actions on the part of

road users. The "law of the unpredictable" states that

relative risk associated with a risk factor is the

inverse of exposure, i e the more rarely road users en

counter some risk factor, the more dangerous each en-

counter becomes.
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The majority of specific risk factors can be interpre-

ted as instances of these basic laws. This means that

the choice of methods for improving safety at junctions

is rather limited. In fact, there is reason to believe

that the only effective countermeasures to be found are

the following:

1. Measures "simplifying" junctions, i e reducing the

information load on road users. Such measures in-

clude:

A. Reducing the number of legs at junctions

B. Reducing speed at junctions

C. Prohibiting some turning manoeuvres

D. Allowing attention to be sequentially divided

when driving through a junction

2. Measures making behaviour at junctions more predic-

table and making the junctions themselves more

conspicuous. These include:

A. Signalizing junctions

B. Introducing yield or stop signs (if applied with

care)

C. Relocating junctions so that they are more easi-

ly detected by approaching vehicles

Channelising junctions has turned out to be of dubious

value. Upon reflection, this is hardly surprising.

Channelising hardly makes a junction easierto negotia-

te; in fact it may make it more difficult. Channelising

may enlarge a junction. This means that road users will

spend more time at the junction. Speed is hardly affec-

ted by channelising, nor are junctions always made

easier to detect at a distance by Channelising.
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Roundabouts, on the other hand, greatly simplify road

user tasks, despite widespread protestations to the

contrary. Properly built roundabouts, with offside

priority, greatly reduce speed. This gives drivers more

time to observe traffic. All traffic enters the round-

about from the same direction; the need to divide at-

tention between vehicles entering from different direc-

tions is eliminated. A very important feature of round-

abouts is that they eliminate left-turning manoeuvres

in front of oncoming vehicles. This dangerous manoeuvre

is eliminated by means of the offside priority rule.

The measures likely to improve safety at junctions

include roundabouts, signalizing, road lighting,

lowered speed limits and the elimination of four legged

junctions. Measures unlikelyto give major safety bene-

fits include channelising, widening junctions or adding

lanes, providing warning signs and improving alignment

to allow for greater speed.

Future research and development needs

The most important factors affecting safety at junc-

tions are probably known. Of course, we can always

improve the "fine structure" of our knowledge, but per-

sonally I find it unlikely that future research will

basically alter our knowledge about safety at junc-

tions.

I agree with Ulf Brude that more research is needed

about the safety of urban junctions. Some of these

exhibit exceptional accident concentrations. However, I

am not very optimistic about the prospects of finding

new measures which will radically improve safety at
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urban junctions. Improved respect for signals will

help, of course. Perhaps the most effective way of ob-

taining this is by means of red light cameras.

Information technology may also help. But it is very

much a double egded sword. The information load on

drivers in complex junctions should not be increased by

putting more gadgets into the car, unless these un

equivocally aid the driver in avoiding dangerous situa

tions.
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Third European Workshop on Recent Developments in Road Safety
Research, April 26-27, 1990, VTI, Linkoping, Sweden.

G5ran Nilsson

Road Session: SAFETY ON MOTORWAYS.

BACKGROUND.

Motorways are regarded as the safest solution for car traffic.
On the other hand motorways have very severe accidents. One of
the explanations for the high safety situation is that
pedestrians, cyclists and mopedists are not allowed to travel on
these roads. Two other explanations is that the lanes in each
direction are at least two and separated by a median area with
or without a median barrier and that no crossing vehicle
movements exist.

Around the world the similarity of motorways can be compared with
railroads. The car fleet is also international but there are a
difference with regard to speed limits. The speed limit varies a
lot between countries which can be exemplified with the
following countries:

Norway 90 km/h
Denmark 100 km/h earlier 110 km/h (1974)
Sweden V 110 km/h earlier 130 km/h (1971)
Finland 120 km/h
Holland 120 km/h earlier 100 km/h (1988)
West Germany No Speed Limit
USA 104,6 km/h earlier 88,5 km/h(1987)

The above shows the highest speed limit. Of course there are
motorways in the above countries which have lower speed limits
due to traffic or environmental problem. One interesting
development is that some countries have recently or plan to
increase the speed limits and some countries lower the speed
limit on a great part of the motorways or on all. It is only West
Germany that after 1974 still has no maximum speed limit on
motorways. In USA and some other countries the maximum speed '
limit was introduced or reduced due toenergy saving reasons in
1973/74.

'In the seventies the speed situation on motorways was more or
less dependent of the speed potential of the Car fleet and the
speed limit was to a limited degree influencing the speeds.
During the eigthties the speed potential has increased
dramatically and is now far above the existing speed limits. This
means that more and more drivers want to use the speed potential
of the car.

During the last ten years the median speed on nordic motorways
has increased by about 10 km/h (the speed limit has been the
same).
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This last development and the fact that the car flow has
increased with 50 to 100% on motorways during the same period has
created an increasing traffic safety problem.

As the accident risk situation on motorways has to a very little
degree been improved the number of accident on motorways is
increasing and the severity of the accidents is increasing. One
question is how to reduce the accident risk on motorways. The
increasing length and use of motorways, which during the last
decades have been rapid, will not have the same development in
the future in the industrial countries. The rapid development has
resulted in an improved total accident risk situation on roads as
a lot of car traffic has been separated from other road users and
high risk traffic on normal roads and streets has been moved to
motorways. The total risk situation has been improved in a such a
degree that the number of accidents have decreased in spite of
the increasing traffic.

The development in the future will decline and it will bemore
and more important to find solutions for improved safety on
motorways, otherwise the number of accidents in the country will
increase.

Concerning the severity of accident, the severity in single
accidents, number of injured per injury accident, number of
unjured drivers per accident and the distribution of the injured
drivers on fatal, severe and slight injuries are presented for
different roads in Sweden 1986-1988 in the tabel below.

Table: Severity in single injury accidents on different roads.

Type of road/ Number of injured Percentage of drivers
Speed limit per injury accident Killed Severe Slight

Total Drivers injured injured
Motorway/110 1.57 0.99 5 24 71
Two-lane/110 1.46 0.83 5 32 63
Two-lane/90 1.44 0.84 5 30 65
Two-lane/70 1.38 0.76 3 32 65
Street /70 1.35 0.80 4 21 75
Street /50 1.24 0.68 3 19 78

The table shows that the number of injured per injury accident is
highest on motorways but the distribution of fatalities, severe
and slight injured among the injured drivers differs not so much
from other roads.

In the Workshop the traffic safety situation on Swedish motorways
and the development during the last ten years will be presented
compared with two lane rural roads.
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Road Session: SAFETY 0N MOTORWAYS.

Comment by Bob Roszbach,
Institute for Road Safety Research SWOV,

Leidschendam, Netherlands.

Safety.

Motorways seem to be relatively safe, but no explicit safety concept lies
behind them. These roads are designed to accommodate large volumes of
traffic, travelling long distances at high speeds. As such they also
generate traffic: on the motorways and, since traffic does not start and
finish its journeys on the motorway, on other parts of the road network.
Applying a safety concept allowing for interactions with mobility, its
development and its distribution over the road network as a whole,
motorway safety would seem to be relative indeed.

As traffic is increasingly guided over an expanding motorway network, we
may expect motorway safety to be an increasing part of the traffic safety
problem.

The actual number of motorway accidents is usually underestimated in that
accidents on junctions with the secondary road network are only partly
included, or not at all. Of course such connections, and the accidents

that happen there, are part of the functioning and the safety of the
motorway system (although a system with no entrances or exits does seem to
have profound qualities our present networks lack).

All in all there seems to be little reason to play the motorway problem
down, relative to other safety problems, as is sometimes done in priority
settings.

Speed.

Part of the safety problem on motorways is what they are designed for:
speed.

Part of the present speed problem appears to be a mismatch between road
design, vehicle design and behavioural intentions on the part of drivers,

resulting in driving speeds beyond acceptable safety margins.

Basically this problem, and the directons solutions may take, can be split
in two. One is a problem of design, of vehicles and/or roads. The other is
a problem of controlling speed behaviour in the present situation. The
first problem requires long termsolutions. I will concentrate on the
second one.

Speed Control.

Conventional methods to control speeds on motorways usually contain some
mixture of imposing a speed limit, police enforcement and publicity

(whether information, threat of punishment, propaganda, or whatever).

However, effects of campaigns in this area, sometimes associated with
speed limit changes, are usually very short-lived.
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Whereas for other kinds of violation or Speed violations in other
situations there are some inherent difficulties to publicity/enforcement
strategies, the chances for such strategies as they relate to speed
violations on motorways appear to be relatively favourable. This is a
result of both the facts that the length of the network is rather limited
and that the detection of violations can be automated. As a consequence

the demands on available police manpower -usually one of the major
problems- can be kept relatively low. '

From these starting points we are at SWOV trying to develop (and get
accepted) a 3-phase strategy:
. phase 1 leans heavily on publicity/threats of punishment and is meant to
(temporarily) bring the number of violations down,

. when the number of violations is down, it should be possible to make the
probability of detection high, with enforcement of manageable
proportions. Some differentiation may be applied with respect to multiple
offenders and degree of exceeding the limit. This would be the essence of
phase 2 and should last as long as is necessary to establish new speed
behaviour with some degree of stability,
. phase 3 should slowly try to lift the increased enforcement, combined
with some sort of monitoring system in order to be able to react quickly
on unwanted changes.

Apart from the speed accident relationship, the speed limit as such is

important in two respects:

firstly, to enable a sufficient reduction in violations in phase 1
(note: this may mean raising the limit in order to lower the number of
violations and thus effectively lower the speeds),

secondly, to enable acceptance of the speed limit in/after phase 3.

Basic to this strategy is that the short-term effects of campaigns, of
which we know that they can be brought about, are in this case meant to be
short-term effects. The argument behind is that, with a ceiling to police
effort, the probability of detection is directly related to the actual
number of violations. So, with the number of violations down, this

probability should then be made sufficiently high to sustain the short
term-effect. This second phase then, should last sufficiently long, to get
new habits established. Enter phase 3 which presupposes, at that time and
after an habituation process, general acceptance of the speed limit in
force.

Dutch experiences in 1988.

These thoughts are being developed consequent to the failure of the Dutch
speed limit change and campaign of 1988 to bring about lasting effects.
The characteristics and effects of this campaign in summary(*):

on may 1st 1988, the general speed limit of 100 km/h for passenger cars on
motorways was raised to 120 km/h. On a limited part of the network (about
15%, but relevant to about 30% of vehicle kms.) a local limit of 100 km/h
was instituted. No change was introduced for other parts of the road
network and no change was made for heavy vehicles on the motorway network
(80 km/h limit). 8 o -

(*) details from: Roszbach, R. & Blokpoel, A. (1989). Korte termijn

veiligheidseffecten van de 100 en 120 km/uur snelheidslimieten op
rijkswegen. SWOV, Leidschendam; and unpublished research notes.
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The introduction of the new limits was aCcompanied by mass publicity,

increased police enforcement and the threat of extremely vigorous
enforcement.

Violation of the original 100 km/h limit was widespread (mean speed about
112 km/h). Despite the raise in speed limit, driving speeds (though
differentially) decreased. Mean speeds of passenger cars on 100 km/h

stretches decreased by about 10 km/h, mean speeds on 120 km/h stretches by
about 5 km/h. Modest decreases were measured with respect to heavy
vehicles on the motorway network and passenger cars outside the
motorways. As of day one, however, speeds started to increase again. One
year after the change about half of the effect on 100 km/h stretches was
still present. The other speed effects had virtually disappeared.

These speed reductions are reflected reasonably well in accident figures.
Figure 1 shows the specific effect on fatal accidents on motorways, as
well as it s short term nature.
Combined with generalization effects on other parts of the road network,
the total effect appears to be large enough to manifest itself in the
total number of fatalities in the Netherlands. This is visualized in
figure 2. Succesive lZ-monthly total numbers of fatalities show a short
term deviation, corresponding quite closely with the date of may lst,
1988.
Some of the arguments that this is not just coincidence may be derived
from table 1. For this purpose one should look at the percentage changes
1987-88 and 88-89 and note, firstly, the very distinct developments for
the january-april as compared to the may-december periods, secondly, the
regularly diminishing nature (relative to road situation) and symmetrie
(87-88 versus 88-89) of the changes for the may-december periods. These
changes correspond quite closely to expectations based on temporary speed
reduction as major influence.

Although there were some prior doubts with respect to the effects of the
speed limit raise it would seem that such compromises do not in or of

themselves have to be unsafe but rather, can make a substantial

contribution to safety if the problem of sustaining short term effects can
be solved. The first part of this paper contains an attempt at an outline
for such a solution in terms of speed limit choice and accompanying
enforcement/publicity strategy.
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Fig. 1. Numbers of fatal accidents on motorways according to yearperiod
and year.
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Figure 2. Successive l2 monthly total numbers of fatalities; 1981-1989.

FATALITIES JAN-APRIL MAY DECEMBER

1987 1988 1989 1987 1988 1989

(+/ %) (+/- %) (+/- %) (+/- %)

total 411 460 435 1074 906 1021

+11,7 -5,4 -15,6 +12,7

outside built- 251 283 279 683 553 657'

up areas +12,7 -l,4 -l9,0 +18,8

100/120 km/h 33 37 40 122 81 137

limit +12,l +8,l -33,6 +69,1

120 km/h - - - 34 60

limit +76,5

Table 1. Numbers of fatalities according to road situation (cumulative),

yearperiod and year.
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1. BACKGROUND

In many countries, official statistics indicate that Heavy Freight Vehicles
(HFVs) are overrepresented in fatal accidents. In fact, the absolute numbers
of fatalities involving HFVs are alarming enough to motivate special research
on this category of vehicle and road user.

During the last decades, some international seminars and multilateral reviews
have been devoted particularly to HFV safety, for instance by HSRI (1975),
OECD (1977), and OECD (1983). More recent studies on HFV safety have been
(NHTSA, 1986) and will be published by the National Highway Traffic Safety
Administration (NHTSA), since 1985 arranging a special session on HFVs in its
bi-annual Technical Conferences on Experimental Safety Vehicles (ESV).

The operating conditions of HFVs are quite different from light road vehicles.
In addition, the great dimensions and great (variations in) weight of HFVs
have lead to design principles deviating substantially from cars. Many of
these HFV peculiarities deteriorate their safety performance to an extent that
probably not would be tolerated in more commonly known road vehicles.
Therefore, this paper will concentrate on some fundamental aspects and put
forward the schematic principles, while many important mathematical and other
details are sacrificed for greater accessibility.

2. ACCIDENT DATA

2.1 Accident and registration statistics for cars compared to HFVs.

In January 1981 about 250 000 heavy trucks (maximum permissible gross weight
above 3500kg) were registered in the Nordic countries, i.e._Denmark, Finland,
Norway and Sweden. Then about 500 heavy trucks per year wereinvolved in fatal
accidents, i.e. 20 per 10 000 of the vehicle fleet. The fatality involvement
for passenger cars was less than 3 per 10 000 (about 2000 involved carsamong
7.3 million registered). 3
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Tab.2. Some measures on the aggressiveness of HFVs and on the severity of
traffic accidents in Sweden from data in official statistics.

   

  

    

   

 

 

   

 

  

Quantity 1976 1978 1980 1982 1984 5 years

Number of ROAD ACCIDENTS
with Injuries 17043. 16028 15231 15288 16531 80121
thereof with Fatalities 1035 911 755 681- 717 4099
Percentage Fatalities 6. 5. 5.0 4. 4.3 5.1

In above accidents
INJURED PEOPLE 23011 21607 20094 20035 21436 106183
Thereof KILLED 1168 1034 848 758 801 4609
Percentage Killed 5. 4. 4.2 3. 3.7 4.3

Involved MOTOR VEHICLES
in Injury accidents 25792 24003 22034 22054 23955 117838
thereof in Fatal acc. 1477 1371 1074 955' 1015 5892
Percentage in Fatal 5. 5. 4.9 4. 4.2 5.0

Thereof PASSENGER CARS
in Injury accidentS 19755 718429 16397 16178 18072 88831
thereof in Fatal acc. 1070 1010 783 659 715 4237
Percentage in Fatal 5. 5. 4.8 4. 4.0 4.7

Thereof HGVs GVW>3500kg
in Injury accidents 1288 1145 1132 1019 1072 5656
thereof in Fatal acc. 181 162 121 116 119 699
Percentage in Fatal 14 14 11 11 11 12.3

Of these NON-TRAILER HGVs
in Injury accidents 698 660 646 591 632 3227
thereof in Fatal acc. 75 89 56 57 55 332
Percentage in Fatal 11 13' 8.6 10. 8.7 10.3

Of these TRAILER HGVs
in Injury accidents,3 590 485 486 428 440 2429
thereof in Fatal acc. 106 73 65 59 64 367
Percentage in Fatal 18 15 13 14 15 15.1

  

INVOLVEMENT RATIOS below in Permille

HGV/Motor Veh. INV.RATIO
in Injury accidents 50
in Fatal accidents 123

HGV/Car INVOLVEM. RATIO

in Injury accidents 65
in Fatal accidents 169
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2.2 Aggressiveness of HFVs compared to other motor vehicles.

When police reports on traffic accidents are registered for the official
statistics in Sweden, the involved traffic elements (road users, vehicles,
animals) are treated differently depending on if they are judged to be primary
involved or not. For instance, if a car overtakes another car and collides
with a meeting HFV, only the two cars are considered primary involved (though
the overtaken car may be undamaged and perhaps not even identified).Therefore,
such accidents cannot easily be retrieved as HFV accidents, and the HFV
aggressiveness against the different road users cannotbe distinguished. It
would be fortunate if more objective recording principles were used in the
future. See Andersson, Lagerldf (1983) or Strandberg (1983) for descriptions
of accident registration models with greater potential for retrievals.

However, more global numbers 0n the HFV aggressiveness can be obtained from
official statistics by calculation of ratios between the number of involved
vehicles in fatal and non-fatal accidents. Tab.2 shows thatmore than 10% of
the accident involved HFVs- were involved in fatalities, while the cars
fatality percentage was about 5%. It is also apparent that the heaviest
vehicles (HFVs with trailer) were the worst with an average of 15% involved in
fatalities.

Over the decade in tab.2 a general decline in number of fatalities can be
observed. However, the relative aggressiveness of HFVs (when compared to cars
or other motor vehicles) has not changed, according to the involvement ratios
in the last section of tab.2. In fact, data from a U.S. review by the
Insurance Institute for Highway Safety, IIHS (1985) exhibit a slight increase
of HFV aggressiveness in the last decade: In 1977 , a car occupant was 26
times more likely than a truck occupant to be killed when the two vehicles
crashed. Now the ratio is 35 times more likely.

2.3 Statistics on accident avoidance properties of cars compared to HFVs.

In tab.3 accident and mileage statistics have been used for comparisons of the
accident risk of HFVs and cars.The accident rate is defined as the number of
vehicles involved in police reported accidents (irrespective of severity and
including non-injury accidents) divided by the number of travelled million
kilometers for the same type of vehicle. '

Iabégé Accident rates for cars and HFVs in summer and winter. Data from two

years in four Swedish counties by Nilsson and Thulin (1979).

  

Vehicle type: Passenger car . Truck
SEASON Light condition: Daylight Darkness Daylight Darkness

SUMMER 0.67 1.44 0.56 0.72
WINTER 1.00 1.64 0.97 ,0.92
Ratio winter/summer: (1.49) (1.14) (1.73) (1.28)

 

In general, deviations in reporting routines and tendency make it difficult to
find reliable numbers on travelled distance and on non-fatal accidents for
valid risk comparisons between countries or between different vehicle types.
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However, available statistics and data such as in tab.3 indicate that the

accident risk increases more for HFVs than for cars when the road surface

becomes more slippery. Snow or ice is a major environmental factor also in

absolute numbers, since it was present in about every second HFV accident

during a whole year period, according to data from the Swedish National Road

Administration (Johansson, 1983). \

Though tab.2 shows that HFVs had considerably less accident risks than cars,

the fatality risk (fatal crashes per 100 million miles) was similar to that of

cars for single unit trucks and substantially greater for articulated HFV§

(artics) in a U.S. study by Eicher, Robertson, Toth (1982) (according to IIHS,

1985).

2.4 Methods to identify relevant accident avoidance parameters in HFVs.

As mentioned in ch.4 below, several studies' indicate that single__artig§

(tractor-semitrailer combinations) have better highway handling properties

than double__artig§ (truck and full trailer) and triple artics (double

bottoms). Nevertheless, their greater low speed off-tracking may impair the

safety for unprotected road users in urban areas. The smaller dimensions and

weight of tractor-semitrailers may also lead to a greater mileage in urban

areas compared to truck full trailer combinations.

Effects like this may have contributed to the higher accident risks for
tractor semitrailers (as compared with truck-trailers of similar length) found
in a Swedish study of long vehicles by Trafiksakerhetsutredningen, TSU (1977).-
At that time Sweden considered a reduction of the maximum permissible length
of vehicle combinations from 24 to 18 metres. However, the 24-metre limit
appeared safer from several viewpoints and the 18 metre idea was abandoned.

Though TSU compared the single and double artics in many ways, the poor
matching of exposure and accident data in official statistics made it
virtually impossible to isolate the relevant parameters in the vehicles
themselves. A more suitable method for this purpose is the case-control study
technique, often used in epidemiology. An accident group of vehicles is then
compared with a control group passing the accident site at about the same time
as the accident occured. The basic idea is that significant group differences
found in design-, load-, maintenance-, driver , andemployer parameters
reflect safety relevant factors associated with the vehicles themselves, since
both groups have been exposed to the Same environmental risk factors.

Such a case-control study was conducted by Stein and Jones (1987) on
interstate highway crashes during two years in Washington State. Their results
indicate clearly that certain vehicle parameters, such as the number of
articulations, may be even more decisive .of safety than driver parameters.
This adds further doubts against the common conclusion that driver education
is more important than vehicle design improvements.

Similar conclusions are often drawn on the basis of ambigous results from
accident investigations, stating that vehicle factors play a negligent causal
role compared to human factors. No causal factor can be identified, if one
does not know about its existence in general, and if one does not search for
it. In addition, accidents are multicausal phenomena by definition.

Therefore, it is impossible to find really objective figures on the
distribution of accident causes between drivers, vehicles and traffic
environment. If such global cause categories are used, the presented figures
tell more about the investigators and their methods than about the actual
accidents.
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3. INJURY PREVENTION CHARACTERISTICS

3.1 HFV mass and front structure in head-on collisions with cars.

The mass in itself make HFVs very aggressive when impacting to other road
users. For instance, a head on collision between a fully loaded HFV and an
ordinary car, both at SOkm/h, will expose the car occupants to the. same
velocity change as a barrier or car-to-car collision at almost 100km/h. See
fig.1. (If the structure compression is partly elastic, the compartment may be
thrown back at an even higher speed after the impact.)

Fig.1 is based on the conservation theorem for linear momentum and assumption
of a completely non-elastic impact. If K is the mass ratio between HFV and car
and V8 is the ayg;agg__yehigle_§pegg (i.e. half the closing speed), the
algebraic expression for the car velocity change (deuav) is given by eq.1. In
a barrier impact the velocity change, deuav, is approximately equal to the
closing speed.

(deltav) 2 K
_._.___ . - (1)

v K + 1

Car velocity change

Average vehicle speed I . n
2
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K = HFV maSS' '

Car mass

17117343 L Car velocity change divided by average vehicle speed as a function of
the HFV/car mass ratio (K) in a head on collision. Some values are given of

the corresponding velocity change in barrier impacts (VB).'
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In today's trucks and tractors, front underrun guards are very rare, though
they are prerequisites for avoiding fatalities in head-on collisions between
cars and HFVs, also at moderate closing speeds. Without the guard, the
comparatively high truck structure will pass above the car bonnet and intrude
severely into the car s passenger compartment. The energy absorbing capacity
of the car front body, achieved by car manufacturers the last decade, will
then never be utilized.

However, even a low front underrun bumper is insufficient, if it is too short
or too stiff. After experiments with an energy-absorbing truck bumper,
allowing for about ZOOH l stroke at constant force, Riley, Penoyre, and Bates
(1985) considered 25-30hm/h to be the maximum survivable average speed in car-
truck collisions (with the car occupants restrained). When the stroke was
shorter, due to too stiff dissipators, the impact was severe enough to break
the seat belts of the dummies in the car.

4. ACCIDENT AVOIDANCE PROPERTIES

4.1 HFV design and operation variables decisive of active safety.

EXperimental studies and theoretical analyses have revealed numerous accident
avoidance problems with HFVs, due to their great dimensions and variations in
weights. Hence, it is essential to identify more precisely the vehicle design
and operation variables decisive of HFVs' active safety. Such variables have
been listed in numerous studies, and the remaining part of this paper will
concentrate on the problems in connection with articulation and air braking of
multiple axles with great variations in load.

The articulation needed for manoeuvrability at low speeds creates stability
problems at highway speeds. This is supported by the results from Stein and
Jones (1987) in fig.3.

Involvement of Trucks in Single Vehicle
Crashes by Truck Configuration
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Eig 3L_Involvement of HFVs in Single Vehicle Crashes by HFV Configuration.
Data from 222 HFVs involved in single accidents and from 666 comparison HFVs.
From Stein and Jones (1987) with kind permission by Insurance Institute for
Highway Safety, Washington D.C.
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4.2 Yaw stability of articulated vehicles in non-braking situations.

The deteriorating influence on yaw stability from articulation was
investigated in full scale driving experiments, computer simulations and
theoretical analyses in the early 70 s at the Swedish Road and Traffic
Research Institute (VTI). Though articulation has been introduced in HFV
design to improve the manoeuvrability and decrease the inwards off tracking at.
low speeds, it was found to impair the handling properties and to increase the
outwards off-tracking at highway speeds - when the sideslip angles no longer

may be neglected. See/$i9e4 ang/fig.5.

Though the lateral friction utilization (or aide Eorce ggeffigient, SEC-Side
Force divided by normal force] in fig.5 is at a moderate level for the triple
artic tractor, the rear wheels are skidding at 90km/h with a SEC close to the

coefficient of friction for the actual road surface. During this kind of
manoeuvre, very light braking may cause sudden and severe skidding at the rear
end of the vehicle combination.

   

  

   

   

  

   

   

  

 

 

  

  

   

 

. ~ Side
zggezlip Force .
.mFaa _ _ p \ _Coeffic1ent

- F
:200 -

E150

: 0,4
:100 90 kill/h -

: 40km/h F
b -1
: r- W F F 0,3_ 50 r q
: i-q " 0,2 :

I 0,1;

: J -0,1;
5-50 1] .. _ '0 ?- :
- a -0,3 t

: 100 U JJ J{-7 70 km/h '7; -
I 70 km/h -0,4
:.-150 ~ "

3-200 I
: +
I J

 

 

 

 

Fig.5. Sideslip angle peaks for different axles of a single trailer (twoarticulations) and a double trailer (three artics) HFV with the same overalllength (24m) when making a double lane change manoeuvre. The l teralacceleration at the mass centre of the truck or tractor was 1.7Sm/sg andindependent of speed. The scale for Side Force Coefficient (side force dividedby normal force) is an approximate average for tyres and loads typical forthese hFVs as measured on wet asphalt. Computer simulation data fromNordstrom, Magnusson, Strandberg (1972).

Similar results .were arrived at with experimental research also at theUniversity of Michigan Transportation Research Institute (UMTRI, previouslySi lgiggg) arehsupported by others according to a state-of-the art survey by
, w 0 reviewed 70 articles on the handl' -

trailer vehiCIES. ing performance of truck
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4.3 Yaw stability and braking performance of articulated vehicles.

According to schematic descriptions of tyre force characteristics, eq.2
expresses the approximate relationship between Coefficient of Erictiog (00F)
and the maximum available (due to road friction) B ak o ce Coef c'e t
(BFC-braking force divided by normal force) and Side Force Coefficient (SEC).
It is often visualized as the so called friction circle.

arc2 + 5cm < Con (2)

Due to the great rearward amplification of the SFC in a manoeuvering artic

(see fig.5), very small braking forces may then lock up the rear wheels and
result in severe skidding, since the tyre force direction becomes indefinite
when the unequality in eq.2 approaches equality. The necessary side force for
yaw stability is then no longer available.

Skidding will also occur during straight driving, if the wheels at some
vehicle end are braking too hard in relation to their load. This will bring
the BFC too close to the CoF. Therefore, the driver has to restrict the brake
pedal force below the level where the least (relatively) loaded wheels lock
up. If no load compensating device is installed, it is demonstrated that the
non locking braking distance will increase more than twice when only the
trailer has been unloaded. (See VTI Annual Report 1988/89)
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THECASE OF TRUCK DRIVERS

Summary

Thelmain theoretical results In Safety research are the following: accident rate

can be understood as a general effect of the state of functioning of the traffic system

and accident mechanisms as multi-causal phenomenons.

From the statistical point of view, the probability of involvement in an accident

must be measured in relation to exposure. The latter, has to be studied specifically

for each of the different parameters which intervene In the multi causal process of

accidents. Three major kinds of parameters have to be studied in terms of exposure:

road. vehicle and human parameters. in the best case, all the parameters can be

studied In the same survey; then, the relative weight of each of them can be

measured and ranked. But In most cases we can only measure the exposure for one

parameter at a time. and calculate a relative risk .rate In relation to one

phenomenon only. it's then necessary to consider that other factors Intervene at

random.

SO, in terms of understanding human factors specific role. It is necessary to know

which factors Influence abilities to drive In best or worst conditions. There Is a

traditional line of research on the effects of fatigue on driving task. But a new

developement is to study the actual conditions in which loss of awareness has more

chances to appear. It is this kind of phenomenons which were studied in our

Institute for several years.

As physiologists found that fatigue or loss of abilities to do a task are related with

duration and circadian rythms alterations, we couid show that the relative risle

rate for truck drivers to be Invoived in a traffic accident {which is the quotient

between the percentage of accidents occurlng during a period of time or after a

duration of work quantity and the percentage of the all time exposure at the same

thresholds of the time distribution) is related to the duration of work before the

event and it is higher at night than during daytime.
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Moreover, we ("found that abilities to copewith jtatigue pressure are related to
drivers' "knowhow" depending on two typea'oiiwork experience: length of roe,
experience (Indicated by age of the driver) and contem of the experience related to

' constraints from the economic demand that-individuals must face days after days.
So. relative rickrate aromas atunctiondepending on threemain factors:

- work duration: work span -> 11 houraa(indicated as D").

- night work : "work period between "20h and 8 h" (indicated as "N").

- abnormal rythms of work or Irregular schedules (indicated as l").
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Third European Workshop on Recent Developments in Road Safety
Research, April 26-27, 1990, VTI, Linkoping, Sweden.

Vehicle session.

How to explain the large reduction of accidents in which un-

protected road users were involved after the introduction of

Daytime Running Lights (DRL)? - A hypothesis related to road

user behavior.

by Gabriel Helmers, VTI.

Background

When DRL was introduced in Finland and Sweden in the 1970 s the

number of daytime accidents in which more than one motor vehicle

was involved was expected to be reduced. On the other hand, the

uncertainty about the effects on daytime accidents between

vehicles and unprotected road users was considerable.

The basic assumption behind these expectations was that an im-

proved visibility of motor vehicles should decrease the motor

vehicle drivers risk of missing to detect other motor vehicles

on the road. On the other hand the improved visibility of motor

vehicles would make the unprotected road user comparatively less

visible. By masking, a possible effect of DRL would be an in-

crease in those accidents in which unprotected road users are

involved.

The results of before andrafter studies in the Nordic countries

The effects of DRL were evaluated by extensive accident studies

in Finland as well as in Sweden. Themain results were as

follows. Daylight accidents in which more than one motor vehicle

was involved were reduced by about 10 per cent. Daylight

accidents between motorvehicles and unprotected road users were
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reduced by between 15 to 20 per cent. (Andersson et al 1976 and

1981). These results were later repeated in a Norwegian evalua-

tion. (Vaaje 1986).

How to explain these results?

This difference of effect between these two categories of

accidents was not expected. There is however a small risk that

the difference is caused by chance even if it is repeated in all

three investigations. But, it is most probable that there is a

true and larger decrease of the accident risk for unprotected

road users compared to the reduction of multi-motor vehicle

accidents as an effect of DRL. What possible mechanisms can

explain this difference of effect? Are there any results in

literature that can be used for the explanation? Helmers (1988)

has prOposed the hypothesis that it is more important for the

unprotected road user to detect the motor vehicle and keep out

of it s way than for the motor vehicle driver to detect the

unprotected road user for making evasive maneuvers. But are

there empirical data supporting such a hypothesis?

To drive beyond the point of no return

It has often been shown in many situations that drivers in

general choose speed and behavior, which implies that the driver

cannot manage the situation if something unexpected happens. One

example is ordinary night-time driving in low beam illumination

at speeds of 90 100 km/h. The detection distance to unpredicted

dark obstacles on the road is about 50 m at these speeds while

the stopping distance is about twice as long. One probable

explanation of such a habit of behavior would be that obstacles

on the road are so rare that the driver experiences full control

over the situation.
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Horwarth (1988) has studied the interaction between motor

vehicle drivers and children as pedestrians. Drivers are taught,

for instance by traffic safety campaigns, to react to children

in traffic as unreliable. Consequently, drivers should adjust

their speed and take evasive actions in due time after detection

of a child in the road scene in order to keep full control over

the situation.

But Howarth s data showed quite another picture. Motor vehicle

drivers generally drive in such a way that they cross the point

of no return also in interaction with children on the road. This

implies that if a child behaves in an unreliable or unpredicted

way in relation to motor vehicles, drivers will have a small or

no chance at all to avoid an accident.

At the same time Howarth showed, that the "unreliable" child

made the necessary evasive movements in order to keep out ofthe

way of the "reliable" driver.

Interpretation and possible consequences

How to interpret these results and what are their possible con-

sequences? Children seem to behave in a reliable way in the

streets. Drivers seem to overlook the propaganda about un-

reliable child-behaviour and have learnt to trust children by

their experiences in traffic. In these situations the motor

vehicle drivers seem to experience full control over the

situation even if they choose an excessive speed.

Another interpretation is that the task of making evasive

actions in interactions between road users seems to fall on the

road user with the slowest speed, that is the unprotected road

user. The consequence would be that unprotected (slow moving)

road users cannot rely on the motor vehicle drivers for their

safety but to keep out of the way for the motorized traffic. One

important action for improving traffic safety for the unpro-
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tected road users would then be to increase probability of

detection of motor vehicles by improving their conspicuity. On

the other hand, the risk of the unprotected road user to be run

over by motor vehicle drivers would be much less dependent of

the conspicuity of the unprotected road user. The reason for

such a scenario would be that drivers generally override their

speed so they cannot make evasive maneuvers in time.

If this is true, one critical point for increasing traffic

safety would be to give the unprotected road user a better

possibility of detecting motor vehicles in time. One such

measure would be to drive on DRL.

Another important consequence would be to reduce the allowed

speed of motor vehicles on all roads and in all streets with

mixed traffic.
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Why do we need an extensive evaluation study of the DEL-regulation in the

Netherlandgz (Joke. E. Lindeijer, 20 - 4 - 1990)

INTRODUQTIQ

The Netherlands will implement the DEL-regulation as a rule of Conduct in

november 1990. In november 1989 the Institute of Road Safety Research SWOV

started an extensive research-programme to evaluate the effect of this

regulation.

message-e

There are two options to introduce the DRL~regu1ationt

1. Introducing DRL as a rule of conduct; the driver must switch on low-

beam headlights manually or by using technical aids.

2. Introducing DRL whereby all cars (e.g. starting with those registered

in a particular year) must be fitted with a system which makes it

impossible to drive without lights.

In terms of road safety the maximum benefit can be achieved by choosing

option two. In terms of a political feasibility this option can only be

chosen if there is an international agreement between the members of the

European Community (EC). Until now a number of members of this community

still objects to the DRL-concept. Therefore, the Netherlands can only make

the use of DRL compulsory as a rule of conduct; e.g. option one.

Statisticalmevidence

Statistical evidence is based on the results of before-after studies.

Opponents to the DEL concept question the validity of these statistical

evidences. And it must be agreed, the results of before-after studies are

not completely convincing. There may always be other, even unknown7 ex-

plaining factors for the results. In other words, methodologically spea~

king all of the available single studies can be criticised (Koornstra,

1989).

Theoretical exglanation

Theory then will be needed to explain why DRL has been effective as mr.

Helmers just stated. Theoretically, the core problem is: how does DRL work

in a physiological and psychological sense? The answer to this questiOn is
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of importance in order to estimate the benefit of the regulation in terms

of expected reduction in accidents and/or changes in behaviour and in ord-

er to provide a subsequent explanation of the efficacy of the regulation.

Better insight can also be gained into the functional and photometric

requirements-of DRL and will be of great importance in all countries Who

are considering DRL.

Concerning visual perception, lighting has two options: to see and to be

seen. It is clear that the first option 'to see' has no relevance to day-

light conditions. Explanation must be searched for in the option: to be

seen'.

In traditional physiological research visual perception is conceived as a

passiVe, static process, in which detection of an object depends on the

features of that object. From this point of view a number of investiga~

tions were carried out to determine the minimum intensity of low-beam

headlights to increase conspicousness under several daylight conditions.

The results show that only very bright lamps have a significant effect

(Padmos, 1989). Besides these results Padmos of the Institute for Percepv

tion in the Netherlands (IZFvTNO) stated that increase in conspicuity

using low-beam headlights can only be expected in about 8% of the daylight

conditions in the Netherlands. Therefore, conspicuousness defined in terms

of physical characteristics can not be used for an explanation why DRL

would be effective when low-beam headlights are used.

A new approach for explaining the effects of DRL can be found in contem~

porary cognitive psychology. Visual perception is conceived as an active,

dynamic proces. The attention of the observer is focussed on special

.details or aspects of the visual field on the basis of his or her espec-

tations and cognitions. This means, there is an interaction betWeen an

active search for relevant information and the features of the objects

under observation. Laboratory studies carried out by the Institute for

Perception IZF proved that this process is involved in viSual search

tasks. Theeuwes concluded that "visual selection is not merely determined

by the environment, but rather that the extent to which a salient object

attracts attention depends upon the expectations of what is relevant for

the search task at hand. In this sense, it may be suggested that the

possible effect of DRL might not only be attributed to the increase in

conspicuity of vehicles but also can be due to consistent expectations

regarding the headelight attribute. Such consistent expectation may guide

search for road users having this attribute." (Theeuwes, 1989). Based on
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these results the Institute for Road Safety Research SWOV stated:

u very 'conspicuous objects in the traditional sense do not necessarily

attract attention. They only do so if conspicuousness helps the subject in

the performance of its visual search task but not disturb this task when

irrelevant;

- distinct visual coding attracts attention if relevant to the search task

even if the object is not conspicuous in the traditional sense.

In practice a mixture of both processes can be expected (Lindeijer, 1989).

Therefore, explanation must be searched for in the option 'to be seen' in

a more cOgnitive' sense than just detection (Hagenzieker, 1989). And the

6Ventual effect of DRL must be sought in relevant cues for pre-seeing like

identification, estimation of speed and distance, beside visibilty.

The Dutch evalgation study

In the Dutch situation (DRLuregulation as a rule of conduct), the efficacy

in terms of a reduction in accidents depends on actual use of DRL, which

in turn depends on the public acceptance. Use of DRL should increase with

time, but this may not be uniform under all circumstances, and may have a

greater effect on one accident group than an another as illustrated by

mr. Helmets. Therefore, measuring use of DRL is essential for evaluation.

Also, the results of user measurements must be categorised into the same

groups as the accident statistics. Data on use of DRL have to be repre-

sentative for the actual situation in the Netherlands and for the

changes. The measurements will have to be widely spread over the country

to eliminate regional differences and different types of roads in built-up

and non builtrup area to know the influences of the quantity of traffic

and its composition. They must also be spread in time, season, and weather

circumstances to know the influences of variations in visibility condi-

tions. This means measuring the overall light spread in time.

Compliance with regulations increases as road users become better informed

and understand the reason for the regulation more clearly. Aside from

information, motivation therefore plays an important part. Important,

because it influence the interpretation of the usage percentages in the

field, to evaluate the effect of information campaigns and to identify the

creation and development of side effects. For instance, for a sound

evaluation study it is important to know how many people are willing to

purchase technical aids. This information is also needed for a sound cost-

benefit ananlysis at the end of the study.
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Assessments will be made with regard to wether separate groups of acci-

dents develop according to expectations and in accordance with the meas-

ured growth in use of DRL. For certain accident groups (accidents at rm m

night, single accidents etc.), no change can be expected as a result of

DRL. Its development serves as a control group for other influences on '

the number of accidents. Developments in preceding periods and abroad will

also be included in the examination. With regard to the Dutch accident

study, it is desirable to consider the Belgium, English, French, Denmark

and German accident cases as a control group', for example. This allows a

comparison of the effect of DRL at an international level, at least if

correction for the most important factors influencing accident trends is

possible. An international comparison requires close collaboration between

the Netherlands and the other countries. Therefore an international

steering committee will be appointed to guide the Dutch study.

QQEQLUSION

Three types of data (accidents, usage and acceptance) are required in

order to establish with hindsight how people perceive the DRL-"message"

and wether DRL has been effective. This means an extensive research

programme, but the need for it follows from the foreign research, which

always was set up too narrowly in order to provide generally valuable

results.

The Netherlands can only introduce compulsory use of DRL on a national

level as a rule of conduct. A rule of conduct for road safety can be

considered to have optimal effectiveness if it is adhered to as univerw

sally as possible. To realise this aim the Dutch government will have to

be prepared to invest in additional countermeasures, like campaigns and/or

police enfocement as well as an extensiVe research-programme. Although

the surrounding countries have not (yet) adopted the DReregulation, they

are keen to see the effect of such a measure in the Netherlands. In other

words, at an international level the results of the Dutch studies will be

considered of great importance for the formulation of any recommendation

to other countries to instigate compulsory use of DRL. Therefore, the EC

has been requested for a financial support for parts of the resarch-

programme which have releVance for other countries.
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Swedish Roadand _
I Traf cResearch Institute

Nils Petter Gregersen

Driver: i Education

Presentation at Third European Workshop on Recent Developments in Road

Safety Research

April 26-27, 1990, VTI, Linkbping, Sweden

In this area of driver: education we have many of the same problems as in other

areas, like vehicle development, road maintainance, information and

campaigning etc. We have problems proving effects of educational efforts.

This has been shown in the litterature in many studies, and the number of

evaluations showing real effects on accident risk are very few or

methodologically very week.

And this pattern is, in the litterature, found to be equally alarming for normal car

driving, for skid training as well as for post licence motorcycle training.

All these results, and perhaps mostly the norvegian results on skid training that

increased the accident risk with 17 %, made us intensify the discussion about

wether or not it is possible to identify the reasons why the results are so poor,

and how we should go on to find new ways.

,Most of these evaluations on driver: education deals with post licensing

programs. I will return to the basic pre-licensing education in a couple of

minutes.

One conclusion to be drawn from all these negative evaluations, is that there are

no well defined strategies, that we know of, to reduce accident risk using post

licensing programs.

I don t say it s impossible or meaningless, but I say that we don t yet know how to

do it.
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Our problems can be illustrated by this figure (enclosed). It shows the

development 'of the accident risk during the last 30 years. It might be adeqate to

illustrate the probable effects of drivers education as well as many other

measures in road safety work.

The gure suggests that many methods that are used to increase road safety,

mostly based on common sense, succeed to a certain basic amount, but there is a

limit, a roof, above which our common sense measures cannot reach. There are a

lot *of examples on this in vehicle development, road maintainance and

psychological changes.

You can also put this in another way.

We have become more and more aware, that common sense is not valid in road

safety work, especially, but not only, in psychological aspects such as education

and information.

I will also use a couple of minutes on the basic drivers license education. I

Here we also keep on developing and trying to make the education better. The

number of changes and developments in the latest years, really evaluated aren t

many, but some of them are interesting, and might help us one or two steps

forward.

One of them is the french model, where they lowered the age limit when you

were alowed to start your drivers training from 18 to 16 years of age.

The evaluation from france shows that the accident risk were reduced. The

number of first time paSsings in test were also found to increase.

Another example of change in the basic drivers education, is the one in Norway.

It s based on the same general asumption as in France that with more experience

you are better prepared to adjust to traffic, to learn how to behave, to realise the

risks and to identify risky situations.

The norvegian model divides the drivers education into two periods.

The first part, the basic education is aproximately the same as earlier, but after

passing the test you only get a preliminary license. '
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During the first two years you have to participate in some courses, one classroom

course in defensive driving,one 0n driving in darkness and one second time skid

training, which is two circumstances oVerrepresented in accident statistics up

here in the north.

When you have fulfilled these parts, you get your real drivers licence.

The changes have been evaluated, and the results show that this second part

didn t affect the accident risk in total. It also showed, that the risk on icy roads

increased with 23% and in darkness was reduced with 37%.

One third example on changes in the basic drivers education is a study, not yet

published, that I have done here in Sweden.

We changed the education in mainly three aspects, all of them aiming to

decrease the high risk among young drivers. The first aspect was to focus more

on making the learners realise their own limitations as drivers. They were put

into situations where they were forced into a failure, running into dummies etc.

We expected them to leave these situation a little more aware of human and

physical limitations in the chances to avoid critical situations.

The second aspect was to develop their perceptual behaviour faster. We know

that young drivers need some time to become experienced on how to scan and to

analyse changes in the environment and to identify risky situations. To Speed up

the development of these skills, we used a method called commentary driving,

which has been proved to have good effect on behaviour, but hasn t been

evaluated about effects on accident risk.

The third aspect that was dealt with was a hypothesis that private education ,

wich is allowed in Sweden, results in more accidents than education at

professional scools.

The method used to deal with this was to design a system for the private teacher

to cooperate with the traffic scool.

To make a long story short. All these efforts gave no results on aCcident risk. We

used three groups. One experiment group going through this new model, and two

control groups, one normal group educated by their parents and one normal '

group of traffic scool learners.
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We found some interesting results though. There were no difference in risk

during their first year, between the two control groups, those who were educated

by their parents and those who went to traffic scool.

Another interesting result was that the level of risk was very low in all groups

during their first months with a license. After those first months of careful

driving you become more confident and feel more experienced. It s now you can

identify the high risks of the young drivers.

OK, what conclusions can we make from all these results?

One possible conclusion from the french study, is that experience makes the risk

go down. i

This may of course be classified as a common sense conclusion that we already

knew about earlier. But we havn t been able to do Something about it. And as I

mentioned earlier, we cannot rely on common sense. It has been politically

impossible to change the age of licensing from 18 to 20, and up to now, the

politicians have been afraid of lowering the age for practicing to 16.

After taking part of the results from France however, we are now planning a trial

on doing'the same here in Sweden. We will see if we can reach the same results

as you did in France.

From the Norvegian model they draw one conclusion themselves. (enclosed)

This supports the idea used in my own study, to make the drivers more aware of

their own limitations and to avoid critical situations.

The problem is that new models established and evaluated always are to
complex, like my own study, to point out the essential parts and reasons why we

get the results we do. We are only developing new hypotheses all the time.

The most important work ahead, is to make controlled experimental studies

testing these hypotheses and to go on working on existing and new models

explaining the role of drivers education in road safety.
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Ihird European Workshop on Recent Deve1opments in Road Safety Research
Linkoping Apri1 26-27 1990

DRIVER EDUCATION AND TRAINING
Comment 1 on Nils Petter Gregersen's paper.

Geir Overskeid
Institute of Transport Economics, Oslo, Norway.

What is "common"? And what is "sense"? Mr. Gregersen s
opening statement contains the rather bold conjecture
that "it has become more and more evident that commom
sense is not valid in traffic safety wor ". I would say
au contraire: When it comes to driver education and
training, it is common sense that has been thorougly
proven to be valid, while the oversimplified views of
certain pedagogues have been invalidated.

 

Any man in the street can tell you that it is not very
difficult to teach a person how to drive a car - in
fact, our man in the street probably holds a driver's
licence to prove it.

He can also tell us that he has been admonishing his
nineteen-year-old son time and again to drive
carefully, and that his son has nevertheless been
involved in speeding, drinking and driving, and perhaps
he has been in a crash. He will probably add that it
was to be expected, too. If he starts to think about
it, he and his friends used to take a quite a few
risks, themselves, although everyone was always telling
them to take care.

Today s new drivers in Norway are being told more than
ever to take care. We have one of the most
comprehensive compulsory driver training programmes of _

the world, and probably the most expensive. Last year,
another obligatory ten hours of driving and eight hours
of so called theory were added. The "theory" part
consists primarily of attempts to change attitudes,
which driving instructors are supposed to be engaged in
during the other parts of the training as well. Yet,
all available evidence tells us that more skill
training and attempts at attitude change do not reduce
the number of accidents (Anderson, 1978; I
Struckman-Johnson, Lund, Williams, & Osborne, 1989).

This should come as no surprise, neither to the layman
nor to anyone with a superficial knowledge of the
empirical results in social psychology.

When I interview driving instructors, they immediately
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pinpoint what the advocates of ever growing education
programmes do not seem to grasp: You can always teach a
person a skill - like driving a car. but problems arise
when you try to teach him when and how to apply his
skills, for instance by not driving too fast. The
Christian churches have had a couple of thousand years '
attempting to teach people certain standards of
behaviour. Even witha stick and a carrot like eternal
pain or everlasting joy to help them, they haven't been
very successful. Common knowledge and common sense
could tell you that education and information alone
will never change behavior. Thefact that this insight
now seems to be slowly dispersing among those involved
in driver education can hardly be taken as proof that
common sense is not valid.

The major reason why more and more education has been
prescribed to cure the disease of risk-taking is. as
far as I can see, the fact that a very simple law
describing the behaviour of organisms has been
overlooked. The so-called Law ofEffect was formulated
by the American psychologist Edward Lee Thorndike
around the turn of the century. and states that

 

"Any act which in a given situation produces
satisfaction becomes associated with that
situation. so that when the situation recurs the
act is more likely than before to recur also.
Conversely. any act which in a given situation
produces discomfort becomes disassociated from
that situation. so that when the situation
recurs the act is less likely than before to
recur." (Thorndike. 1905. cited in Woodworth &
Sheehan, 1965.)

Most people would agree that the Law of Effect is in
clear accordance with common sense. I suspect many
would claim that it's nothing but common sense.
Nevertheless. almost a century of empirical research
suggests it should be taken very seriously. It is
impossible to achieve any understanding of human
behaviour without taking the interrelations between
behaviour and a person s external and internal
environment into consideration. In effect. that means
analyzing not only behaviour, but also the antecedents
and consequences of behaviour.

We can deduce from the Law of Effect that when people
have the necessary skills and knowledge. there are only
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two ways in which we can prevent them from driving
their cars in a manner Society would rather they did
not. The first is also the simpler: If a person wishes
to drive his car in a fashion that highly increases his
risk of having an accident, we can introduce elements
into the situation which makes him experience dangerous
driving as less desirable.

That way of solving the problem will mean to enhance
the person's perceived level of risk of being punished
for wreckless driving, for example through increased
police surveillance. A method of this kind will have
effect as long as the person experiences a risk of
being punished. and it involves a temporary
modification of observable behaviour.

The alternative approach would beto prevent the person
from experiencing risky driving as desirable at all. To
change a person s priorities in this way is definetely
the method of choice if it can be performed
successtlly. The effect will often be protracted, and
it will not be necessary to influence the person's
behavior by other means.

The problem in this connection is that if we are to
change an activity with a certain hedonistic value into
one that is not attractive. and in a manner consistent
with accepted ethics. this presupposes a change in the
way the person thinks.

Human thinking can be shaped (Lowe & Higson. 1983). We
know that nothing influences the conclusions people
reach. or the norms they live by more than the social
consequences of thinking or behaving (Haritos-Fatouros.
1988: Zimbardo. Ebbesen & Maslach. 1977). Even our
perception is shaped by social consequences: If you see
something that no-one else can see, you will probably
not believe your own eyes. Not because you don't see
what you do. but because you choose to label it as an.
illusion. If your choice is to believe your own eyes.
your visual experience is properly described as an
hallucination. and chances are you will regarded as a
lunatic. You are. in other words. insane because you
live by another norm than your social reference group.

This should tell us two things: 1) That there are
probably no limits to what one can do to a person's
norms and beliefs if one possesses the power to shape
his environment. and has the time necessary. 2) If a
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driving instructor wants to change the thinking of a
person who has been shaped by his segment of society to
regard risk-taking as a value, the driving instructor
is not fighting an even battle.
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forskning

Third European Workshop on: Recent Developments in Road

Safety Research. Linkoping April 26 27, 1990.

Elderly Drivers. Results from a Nordic In depth Study on El

derly Car Drivers.

Inger Marie Bernhoft, Danish Council of Road Safety Research

Background

Elderly people constitute a s eadily increasing segment of

the population. In 1985 there were 3.5 million people aged

65 years or more in Scandinavia. It is estimated that there

will be 4.7 million elderly people in Scandinavia in 2025.

Today one third of the elderly people in the Nordic coun

tries have a driving licence. The number of elderly drivers

is expected to increase by more than a factor two during the

next ten years.

In 1986 about 4500 elderly people were injured including

the fatalities 2U] traffic accidents jll'the Nordic coun-

tries. This number has increased in recent years. Estimates

on accident risk show that drivers aged 70 years or more run

about twice the risk of being injured in the traffic as com

pared with drivers aged 40. The risk of being killed is in-

creased by a factor of four.

The Nordic study on elderly drivers.

In 1987 the Nordic Council of Traffic Safety initiated an

investigation on traffic accidents involving elderly drivers

of private cars. The aim of the study was to provide better

insight into the conditions and causes of the accidents. Es-

pecially, efforts should be made to evaluate the signifi-
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cance of changes in physical and mental performance of the

elderly car drivers.

A basic analysis of injury accidents in the Nordic countries

in 1986 involving two car drivers, comprising at least one

elderly driver, was carried out. The analysis showed that

half of the accidents could be related to four specific

types of accidents.

All four types took place in intersections either with no

turn involved or with an elderly driver turning left and the

second party approaching from the right, the left, or the

opposite direction (figure 1).

Figure 1. Accident types chosen for the in-depth analysis.
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These four types of accidents were chosen for an in-depth

analysis. This study was based on the police reports of 280

randomly selected accidents from all the Nordic countries.

The number of selected accidents from the four types of ac-

cidents in each country was distributed proportionally.

The in depth analysis was based on all the material avai-

lable in support of the police reports, such as the testi-

mony of the parties involved and of other witnesses, court

hearings, doctor's certificates and photographs.
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The plan of the in depth analysis.

The in depth analysis comprised three parts:

first, a general description of the circumstances of the ac-

cident and the parties involved

second, an attempt to identify the causation factors of the

accident by reconstructing what took place during the last

seconds before the accident.

third, a phychological analysis attempting to discover pos-

sible lacks of information, which may have contributed to

the accident.

General results

The majority of the accidents occurred under good external

conditions. Thus 85 percent of the accidents took place when

the weather was dry and in day light.

90 percent of the elderly drivers were men. Approximately

three fourths of the acccidents took place in the home mu

nicipality of the elderly driver. In these cases the elderly

drivers were supposed to be familiar with the place of acci-

dent. This was the case for only half of the second-parties

in the accidents.

In nearly all the cases studied, both the elderly driver and

the second-party driver had placed their vehicles in the

correct lane just before the accident.

In three fourths of the accidents the elderly driver was

travelling on a minor road. Only in 30 percent of the acci

dents was this the situation for the second-party driver.
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Further, in 90 percent of the accidents, the elderly driver

had the duty to give way, whereas this only occurred for the

second party in 25 percent of the accidents. These findings

are natural consequences of the selection of the accident

types for the in-depth analysis.

Another result of the selection of the accident types was

the difference between the two parties with regard to the

point of impact on the vehicle. Regarding the elderly dri-

vers' cars, the collisions were equally distributed between

the front and the sides. On the other hand there was a clear

predominance of front-end collisions for the second parties.

Whereas the second parties tried to avoid collisions by bra

king and dodging in most accidents, only very few of the el-

derly drivers reacted in a similar way.

The elderly drivers were more often injured. And in addition

to this, serious injuries and fatalities were much more com-

mon among the elderly drivers.

Results of the reconstruction of the accident sequence

It was possible to reconstruct the sequence of events and

actions before the time of accident for both parties in

about two third of the cases.

Figure 2. Number of factors leading to an accident in the

reconstructed accidents.

 

Number Number pr. accident

The elderly driver 420 1.5

The second party 158 0.6
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Factors leading to an accident were found more frequently

among the elderly drivers (figure 2).

40 percent of the factors leading to an accident concerned

perception problems. Inappropriate adjustment of speed

accounted for 30 percent and inadequate evasive action for

21 percent of the causation factors (figure 3).

As for the second party, inappropriate adjustment of speed

was the most common factor (41 percent of the factors)

followed by perception problems (26 percent of the factors).

Figure 3. Distribution of factors leading to an accident.

 

The elderly The second

driver party

Driver's perception problems 40% 26%

Inappropriate adjustment 30% 41%

of speed

Driver's inadequate evasive 21% 13%

action

Other factors due to 9% 20%

the car or the environment

 

Results of the analysis of lack of information.

The psycological analysis of lack of information comprised

all accidents. In half of the cases both parties had missed

some information before the accident. As for the elderly

drivers lack of information seemed to occur in 91 percent of

all accidents. The corresponding figure for the second

parties was 53 percent (figure 4).
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Figure 4. Lack of information among the parties.

The elderly driver

 

Lack of

information Yes No Total

The second Yes 47% 6% 53%

party No 44% 3% 47%

Total 91% 9% 100%

 

Perceptual deficiencies were found among the elderly drivers

in three fourths of the accidents. As for the second

parties, cognitive deficiencies were most common and were

found in 56 percent of the accidents.

Conclusions

It was found that the design of the physical environment was

often a contributing factor in the accident types selected

for this study.

As an example, this was demonstrated in the problems con-

fronting elderly drivers when making a left turn in a fully

channelized intersection.

Further, the amount of information in an intersection con

tributed greatly to the accidents. In most accidents there

were found some lack in information among the elderly dri-

vers.

Most often this was due to cognitive lacks, such as refrain

from giving way to the second party - coming from the right.

side in an intersection - before fullfilling the left turn.

In most of the remaining accidents incomplete perception was

seen as the reason. As an example, it was often seen that
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the elderly driver after having stopped and looked for

other road users used all his attention to manage to drive

the car without being aware of new oncoming cars.

The in-depth analysis did not find physical deficiencies

like poor eyesight or generally poor health as contributing

factors.

However, functional ability of the elderly drivers influ-

enced the sequence of the accident. Thus, the impaired reac-

tion capacity was often noted as a direct cause of an acci-

dent. This was demonstrated when elderly drivers, after ha

ving stopped their car at an intersection, reacted too slow-

ly, when they started again. As a result the elderly driver

did not pass the intersection quickly enough to avoid an

accident.

The in-depth analysis has also shown that the interaction

between the drivers involved was deficient. Apparently the

elderly drivers often underestimated the speed of the second

party and overestimated their own ability to accelerate

their cars. Or they Aunderestimated the time gap available

for the manoeuvre.

The second-parties, who were often younger drivers, expected

that a vehicle giving way and keeping back at the

intersection would also have observed an approaching car. In

fact, the elderly driver, after having slowed down and even

stopped, often moved forward without having noticed the

oncoming second party. These perceptual and cognitive defi-

ciencies of both involved drivers explain a large number of

the accidents.
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Third European Workshop on Recent Developments in Road Safety Research,

Linkoping April 26-27, 1990.

Comment on Inger Marie Bernhofts paper Elderly Drivers, Results from a Nordic

In-Depth Study on Elderly Car Drivers.

by Liisa Hakamies-Blomqvist, University of Helsinki, Department of Psychology.

The study of elderly drivers is considered important because of the higher accident

risk of a growing number of active elderly drivers. It has also been argued that the

because their accidents happen in the most difficult places of the traffic environment:

so, any security action taken with reference to the needs of the elderly will ameliorate

the security of all road users.

The aim of the Nordic study presented by Bernhoft is to elucidate the conditions and

causes of injury accidents involving elderly drivers. It is an ex post facto -study based

on police reports of 280 randomly chosen accidents belonging to the four most

frequent accident situation classes of the elderly, and represents a kind of

epidemiological work that is a necessary prerequisite for a deep understanding of the

problems of any subgroup of road users.

Apart the general description of the results, and a reconstruction of the accidents in

order to identify the causation factors, a psychological analysis is made based on an

information ow model according to which necessary information in a traffic
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situation can be lost in one of three filters: mechanical, perceptual and cognitive.

This comment will concentrate on the usefulness of the model in analysing this kind

of material.

Making the difference between mechanical (the driver couldn t see), perceptual (the

drivers could have seen, but didn t), and cognitive (the driver did see but didn t

realize the signi cance of what he or she saw) is an attempt to classify things that

take place inside the head of the driver. In the present kind of accident analysis we

have very little means of getting any reliable information about that. After the

accident, the elderly driver usually isn t able to tell what he or she saw and thought

some seconds before the accident. He may be dead, injured, in any cased shocked, he

may not remember, or he may not be used to that kind of self-observation when

driving, or he may be unwilling to tell or to remember the truth because of the legal

consequences. So we only have indirect evidence of the use of information-of the

: M :lzdriver. In man" cases, With all the data available, it is still unpossiule

whether the old driver had failed in estimating the speed of the oncoming vehicle, or

had not seen it at all, or had seen it and realized the danger but failed to interrupt the

ongoing action and to do something to avoid the accident. That means that the

distinctions of the model can almost never be reliably made when dealing with

accident reports.

The usefulness of an attempt to distinguish between "perceptual" and "cognitive"

deficiencies in this kind of study is also questionnable from a theoretical point of

View, because perception in itself is a very cognitive, model-driven, top-down

activity. There is no such thing as pure perception as separate from cognition in

traffic. You know, when driving, which aspects of the surrounding traffic situation

you have to scan (mostly by vision) in order to drive safely. If something is not seen

that should have been, there is always a mistake in your looking strategy, which is by

its nature a very cognitive mistake.
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The information ow analysis may be useful as a theoretical framework in the field

work of on-the-site accident investigation if it leads the investigators to make the

right questions about the accident causation and to think of all possibilities. On the

contrary, when it is used in ex post facto studies like the present one, important

characteristics of the primary data are lost and illusory distinctions made.

The problems of the elderly drivers can be seen as problems of traffic research or of

applied gerontology. A useful theoretical framework concerning the aged driver

should probably combine data from both system theories of traffic and

psychogerontology. It is not enough to do as it has been done in the past, that is, to

take the accident picture of the elderly and connect it with some general findings

concerning the normal aging (mostly vision, reaction time and attention) and

thereafter conclude that these functional changes are the reason for the higher

' accident risk of theelderly. What We need to know more about are the mechanisms

by which the functional changes of normal ageing are mediated to the traffic

behavior of the elderly driver. Only then is it possible to talk of some demonstrable

causal connection between those changes and the higher accident risk.
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KURATORIUM FDR VERKEHRSSICHERHEIT

(AUSTRIAN ROAD SAFETY BOARD)

Third European Workshop on Recent Developments

in Road Safety Research

April 26 - 27, 1990

VTI, Linkoping, Sweden

PROBLEMS OF ELDERLY ROAD UBERS

by
Werner Klemenjak

The Austrian Road Safety Board and especially its Institute of

Traffic Psychology has carried out several research projects on

elderly road users which I will describe briefly as well as our

plans in connexion with this problem which will increase

considerably in the future.

Maybe it is this last decade before the turn of the ndllennium

which motivates us to long-term considerations regarding

forthcoming road safety problems. Also during the conference of

the European Ministers of Transport (ECMT-conference) in Hamburg

in 1988 the problem of elderly road users was discussed in detail

and the considerable increase in the number of elderly road users

until the year 2000 was pointed out. Research programs were

initiated which shall provide information for future measures.

In Austria the structure of the population and the percentage of

elderly drivers develops accordingly, a further increase in the

presence of elderly persons in road traffic can be expected due

to an increased need for mobility (leisure time activities) of

this group. It can be expected that the percentage of persons

from.this age group who are involved in road accidents will

increase in the same extent.
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Fig.1 : Number of car drivers of different age groups who were

injured (killed) in a road accident relative to the

number of kilometers driven (per year)
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This figure clearly shows the increase in the risk of elderly car

drivers (over 65 years) to be injured (first graph) or killed

(second graph) in a road accident.

From this increased risk index of elderly car drivers one would

have to deduce that an increase in traffic participation of this

age group will result in an overproportional instead of a linear

increase in the number of persons involved in road accidents.

However, the development of the accident risk is dependent on

other social developments. If for instance driving on certain

days should be forbidden for reasons of energy saving and thus

lead (to a reductionof individual traffic or stricter measures

will have to be taken for reasons of environmental protection,

this will have an effect on the development of accidents, too.
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But I also want to point out a possible positive effect for the

whole road traffic system : Elderly people are more mature and

have a relatively stable character and sensible opinions and - as

far as their behavior is concerned - certainly are less aggres-

sive and careless than young road users. If the percentage of

elderly drivers who react rather rationally increases this could

have a stabilizing and harmonizing effect on the whole traffic

system and counteract the driving behavior of other road users

who for example prefer driving at high speeds.

The future elderly drivers - these are persons who are between 50

and 60 years old now - are also quite used to the technical

developments, to information systems and to a rather complex

traffic system. Therefore a comparison with today's elderly

drivers is only possible to a certain extent. In case of

estimates concerning their involvement in road accidents these

correcting factors have certainly to be considered.

A study carried out at the Austrian Road Safety Board dealing

with the problems of elderly road users was completed and

published in 1988. The study analyzed the performance capacity of

elderly road users, in addition the driving behavior was recorded

during a driving test on a standardized route by observers in the

subject's car. Another main point of the study was the analysis

of the problems of elderly pedestrians in road traffic. Further-

more, the need for mobility in road traffic was discussed in

general in round-table discussions. I will describe the results

briefly, for more detailed information I want to refer to the

corresponding publication by RISSERet al. (1988).

A general decrease of traffic specific performance capacities

beginning with a certain age cannot be proved. Specific decreases

e.g. in the reactive capacity, in the visual perception capacity,

and in the ability to adapt one's behavior to changing situations

can be measured; but the decrease depends on the general

circumstances of life as well as on motivational factors of the

subject. In addition, the results show that - especially as far

as driving a vehicle is concerned - certain performance deficites

can be compensated by experience and routine.

VTI RAPPORT 3 6 6A



126

However, deficiencies in the reactive behavior and a lack of

visual perception measured in laboratory tests turned out to have

an influence on specific driving manoeuvres during the driving

test on the road : Drivers who showed deficiencies in one of

these dimensions of performance had problems to change the lane

correctly, to survey complex situations at intersections, and to

join the flowing traffic.

Summarizing the authors state that in general the elderly driver

would be able to be part of a smooth traffic system at a

reasonable speed whereas in nowadays hectic everyday traffic

difficulties occur. An adaptation of the system (reduction of

driving speeds) and special training programs in case of

performance deficiencies could possibly solve some problems.

A special problem are elderly pedestrians. The risk to be

involved in an accident as 'a pedestrian is also higher for

elderly persons than for the other age groups (the absolute

numbers of accidents is related to the distances covered). The

high involvement in accidents can partly be explained with the

physical constitution which is typical for this age group (for

example problems with vision or ~hearing). Furthermore, the

severity of accidents in this age group is usually higher (longer

hospitalization, more fatalities).

Based on this study is a current research project of the Austrian

Road. Safety Board, named "Senior 2000" where countermeasures

against the future problems of elderly road. users shall be

elaborated. A training program for elderly road users has already

been developed and is tested in cooperation with automobile clubs

and driving schools. In addition to the optimization of vehicle

handling - elderly people are often impaired in their physical

mobility and have difficulties in driving backwards and

orientation - legal regulations, training to anticipate and react

to dangerous situations, and subjective risk assessment are main

points of this training program.

By means of polls questions like needs for mobility,

circumstances of life, and future intentions of elderly persons
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are currently investigated (KLEMENJAK, CHRIST, 1990). A few

results shall illustrate it :

Fig. 2 ° The importance of the car and of individual road traffic

in the future.

Alter:
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20 -29
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50 - 59 35*

   

 

 

Ab so *5

 

0% 10% 20% 30% 40% 50%

 

- sehr wichtig fUr Abschaffung

Basis: 1000 Personen / Bevolkerung.

The answers show that the opinion of those persons who will form

the group of elderly road users in the future distinctly deviates

from the opinion of the other age groups. The car and individual

road traffic is assigned high importance in this age group.

The belief in technical progress is surprisingly strong.

Precaution is emphasized by elderly persons, too. Furthermore

they plead more strictly for restrictive measures such as speed

limits but they also emphasize the importance of self

responsibility.

There are two other important results of investigations of public

opinion (only drivers were interviewed) which I would like to

mention :
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3 ° Danger in road traffic : "Because I often drive too

     

Fig. .

fast"
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This figure shows the relative importance assigned to dangers in

road traffic. Young persons (18 - 24 years) relatively often

indicate driving too fast as a reason for road accidents while

only very few persons over 60 years mention this as a cause for

road accidents.

~

Fig. 4 ° Danger in road traffic : "Because other road users are

  

 

inattentive"
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This figure shows the tendency of answers upon the statement "A

source of danger in road traffic is the inattentiveness of other

road users". Elderly road users rather tend to blame other road

users to cause dangerous situations in road ' traffic by being

inattentive. Assigning the reason for dangers in road traffic

rather to other road users than to oneself indicates a certain

kind of stubbornness of this group of drivers.

Last not least I want to point out some important factors in

connexion with the investigation of the problems of elderly road

users :

For us one of the main problems is the selection of the target

group. For example is it preferable to investigate the motives

and opinions of nowadays elderly persons over 65 years or would

it be better especially for the development of future traffic

concepts - to investigate the opinions of the future elderly road

users who are now between 50 and 60 years old. It can certainly

be assumed that due to changing conditions of life and needs the

measures will have to be different from those for nowadays

elderly road users.

Another fact which seems to be worth mentioning is that the

percentage of elderly female drivers is rather low at present but

will increase in the future, too. I think that there could also

beva chance for a decrease of road accidents related to the total

number of road users. Certain types of accidents, for example

accidents under the influence of alcohol, accidents caused by too

high speeds, etc. are mainly caused by male drivers. Female

drivers rather show a more distant relationship to the power of

cars and have a less dynamic and emotional driving style.

Finally I want to formulate the hypothesis that an increased,

participation of elderly drivers in road traffic would not only

present problems but also could offer the chance to improve the

whole traffic system and thus our accident statistics. The

problems of elderly road users could therefore contribute in

itself to solve problems of road safety.
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Third European Workshop on Recent Developments in Road Safety Research

Linkoping, April 26-27, 1990

Effects of up to date street lighting on road safety

by Judit Sztraka, Institute for Transport Sciences, Budapest, Hungary

In Hungary the number of persons killed in consequence of road accidents related to the

number of accidents shows a disadvantageous situation compared to the most European

countries.

The number of fatalities in road accidents in 1988 showed an 8 % increase compared to the

previous year. The annual number of road traf c accidents involving personal injuries was

the highest in a 13 year's period. Consequently the index of severity (number of persons

killed per 100 accidents) was 8, which shows very unfavourable conditions from an
international point of view. Moreover the index of severity has shown an upward trend

since 1982.

In 1989 the characteristics mentioned above indicated further deterioration in the road

traf c safety situation. The number of fatalities increased with an additional 27 % compared

to data of 1988. The number of personal injury accidents was even higher, it shows a 14 %

increase compared to data of 1988. The index of severity was 9.

 

Table 1.

1988 1989

Number of fatalities 1706 2162
Number of accidents involving personal injury 21313 24371

Index of severity (persons killed per 100 accidents) 8 9

 

Regarding the year 1989, 71 % of the total injury accidents occurred within built-up areas

and 39 % of the accidents outside built-up areas. 36 % of the total injury accidents occurred

in junctions and almost 90 % of this happened within built-up areas. As far as built up areas

are concerned, almost half of the accidents happened in junctions, and on the other hand

outside built up areas there were only 14 % of accidents occurring in junctions.
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Table 2.

Site of accidents Within built-up areas Outside built-up areas Total

Straight road sections 7709 4398 12107

Bends 1413 ' 1447 2860

Bends following each other 86 124 210

Humps 20 38 58

Junctions 7890 979 8869

Railway tracks 4 0 4

Other 204 59 263

Total (year 1989) 17326 7045 24371

The annual number of persons killed during the period between 1984 and 1988 was 1651,

as an average. Comparing the number of fatalities in 1989 to this average number, we can

note that there was an increase of 31 %.

We are confronted by the fact that the increasing road traf c has brought dramatic

disadvantages in the road traf c situation in Hungary. In order to reduce the number and
severity of accidents, important measures have to be introduced and researches have to be
initiated.

The accidents occurred both within and outside built-up areas involve more serious injuries
at night than in daytime. Within built-up areas 10 % of injury accidents occurred at night
are fatal, outside built-up areas 20 %. On the contrary in daytime about 5 % of injury
accidents are fatal.

In 1985 a decision was taken on assistance the energy-saving road lighting in cities. This

up-to-date technology of road lighting was excepted to lessen the number and severity of

accidents.

There were 11 sites chosen (mostly junctions and road sections with some junctions) in

different cities of the country, and accident statistics were compiled regarding those sites for

the time before and after the investment taken, concerning the road lighting.
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The purpose of a study was to establish the effect of a better road lighting technology on the

safety situation by means of comparison of data.

Determining the characteristics of accidents involving personal injury, in the previous and

subsequent years comparing to the time of the investments, the main ndings of the study

were the following:

- Taking the sites individually into consideration, it was found, that only one site did not

show signi cant betterment, where the number of accidents are low annually, so the

rendom variation can have de nite effect.

- Taking the sites together into consideration, it was found that after the investment the

number of injury accidents dropped to 83 % of the before situation. The estimated

economic losses fell to 50 % , compared to the before situation, due to the decrease of

severity of accidents.

- Other characteristics (e.g. relation of number of accidents at night and in daytime) show

an advantageous development, too.

 

Table 3.

Before After

(1983-84) (1986-87)
100 %

Number of accidents (involving personal injury) 42 35 (83 %)

Total economic losses (million Forint) 10.144 4.112 (41 %)

Economic losses per accident (thousand Forint) 241.5 117.6 (49 %)

Number of accidents during nighttime per number

of accidents during daytime 0.22 0.17 (77 %)

Number of accidents per 1 km of road 1.8 1.5 (83 %)

 

According to the expectations it was noted that all of the characteristics of road traf c

situation have become perceptively favourable as the results of improvement of road

lighting technology, and the economic losses issued from accidents have decreased

considerably.

The importance of these ndings is stressed by the facts, that the number of accidents all

over the country increased dramatically as well as the annual national costs of accidents

VTI RAPPORT 366A



134

during the same period. The costs of accidents increased with 10 % regarding the cities of

the sites involved.
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