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IS PUBLIC TRANSPORT SAFER THAN PRIVATE TRANSPORT? 

1. BacKground 

NIELS o. J0RGENSEN 

TECHNICAL UNIVERSITY OF DENMARK 

The question underlying this paper is: should public 

transport policy be considered part of the general traffic 

safety policy? 

The question is relevant if substituting car trips by bus 

trips in an urban area changes the overall safety situation. 

Clearly, when considering this question comparisons should 

be made between door-to-door trips by different travel 

modes. 

Earlier studies from big cities in Nordic countries 

indicated that bus or subway trips were not much safer than 

car trip. This is so because a pedestrian walking to and 

from a public means of transport is subject to a high risk 

which offsets the benefit of riding a fair l y safe public 

transport vehicle (J0rgensen 1975, Forsstrom 1982). 

However, data behind these studies are about 20 years old. 

Road safety in general has changed significantly since then. 

Have these changes also changed the relative safety of car 

trips compared to bus or subway trips? 

2. Mode 1 co ncept 

This question can hardly be answered in genera l . The a ns We r 

must relate to a given urban area and the transpor t sys t e m 

of that area . A very crude model of the t ranspor t sys t e m a nd 

the urban structure of Copenhagen is outlined, fig . I 
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Fig. 1. A c r lde model of 
the Copenhagen area. 
It is assumed that bus 
services are fairly 
uniform over the area. 
Suburban trains are 
servicing only corridors 
(' 'fingers''') . 
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The approach taken ln this paper is the following : For each 

of the two area types a set of in )ury rates (injured per 

~llion kilometers of travel) are set up . They apply 

basically to these travel modes : pedestrians, cycle riders , 

car drivers , bus riders and train riders. 

Injury and death rates for trips which might be substi tute d 

are computed by adding up the ra te of injury or death pe r 

kilometer of travel for each relevant travel mode mu l t iplied 

by the relevant distance. Two typical standard "door-to-door 

trlps are defined. 

Each traveller is exposed to inju r y at the ra t e computed a s 

outlined . However , t he t r ave lle r a l so exposes othe r r o ad 

use r s to injury. This exposure t o "o t hers t depe nd ve ry much 

on t he travel mode . The comparison s between t r ave l modes is 

made in terms of both o wn rates and r ates for "ot hers ". 

c o ncept ually this way of mode lling o n ly covers changes in 

injury o r death rates due t o ma rg i n a l changes in t r ave l mode 
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choice . Substantial changes might change the underlying 

injury rates due to changes in street traffic volumes etc. 

3. Results 

From traffic survey data two standard trips were defined : 

1 . A 5 km trip taking place entirely inside the densely 

developed area. 

2. A 12 km trip of which 4 km runs through the densely 

developed area and 8 km in the suburban area. 

These two trips would be typical journey-to-work trips. 

The 5 km trips is considered l n the following transport 

modes and sub-distances: 

Kilometers 

Main mode Walking Cycling In Car In Bus Total 

Car driver 1 o .2 4 .8 5.0 

Bus rider 0.8 4.2 5.0 

Cyclist 5.0 5.0 

The 12 km t r ip is considered in the following transport 

modes, sub environments and sub - dista nces (D=dense, 

S=subur ban ) .. 

I Kilome t ers I , Walking Cyc l e In car I I n Bus I tn Trai n ' 
I, 

Main mode , S D S S D , S D 1 S/D 1 Tot a l 1 , 
1 1 1 1 

Car driver , 0 . 2 8 . 0 3 ·8 , 1 1 12 ·0 , 
Train-walk , 0 ·7 0 . 6 , , 10 . 7 1 12 . 0 , 
Train-cyc l e ' 0 ·6 1.2 I, - , 10.2 , 12.0 , 
Bus r ider I 0 .4 0 ·4 7. 6 3 . 6 1 1 12 ·0 , , 

1 
, , , 
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Figures for i n j u ry a nd deat h r ates are given ~n the f ull 

paper. 

The main resul t s are as fol l ows 

5 km trip Injuries pe r mi l lion trips 

Main mode I Own rate 

Car driver I 

Bus rider 

Cyclist 

12 km trip 

Main mode 

ICar driver 

I Train-walk 

ITrain-cyclel 

IBus rider 

I 

Discussion 

1.4 

1 . 2 

6.5 

Injuries 

Own rate 

2.8 

0 . 9 

1.7 

1. 1 

Others 

1 . 5 

o .4 

o . 5 

per million 

Others 

3.1 

0.1 

0 . 1 

1 . 0 

Total rate 

2.9 

1.6 

7.0 

trips 

Total rate 

5 . 9 

1.0 

.1 . 8 

2 . 1 

I 

I 

I 

I 

I 

I 

The use of a very crude urban s tr uct ure and transpor t syst em 

model reduces th e valu e of th e r esult s . However , available 

data can h ardl y sup port a mor e diff e r enti a t e d mod e l o f t hi s 

t ype. 

Al so , i n j u ry ra t es ar e d evelop e d f r o m diff e rent d a t a so ur ces 

an d with categ ori es not exact ly matching th ose o f t h e 

calcu1 at i on s • 

With availabl e data , whi c h refer t o ab out 19 85 , i t appear s 
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that cycling and car driving are t he least safe means of 

transport in typical journey-to-work trips. 

There is a considerable potential for improving travel risk 

by changing the modal distribution of travel from car and 

cycle to bus and train, particularly where there is easy 

access (short distance) to train and bus and where the total 

travel distance is long. The earlier studies based on data 

from about 1965-1970 did not point so clearly to public 

transport as a safe transport. 

The calculations performed must be considered specific to 

the actual urban area under study so that results may not be 

generalized directly to other cities. It should be noted 

though, that the earlier Nordic studies gave similar results 

for different cities. 

This model does not allow for an estimation of the effects 

of moving - say - 20% of al l car drivers into public 

transport. Mo r e comp l icated models would be necessary. 

References : 

Forsstrom , Ake (1982): Commuting Accident, University of 

Gothenburg, 1982. 

J0rgensen , N .O. (1975)~ Satety during tr i ps in urba n areas 

by different means of transport , Proc. Int . Conf. Pub l ic 

Transport and People, 1975 p . 195 - 198 . 
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EVALUATING THE CLOSING DOWN OF PR MARY SCHOOLS 

A method for assessmant of accessibility and safety of a new schoolroute. 

Drs. Enne de Boer *) 

SUMMARY 
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Changes In genera I policies conceming public facilities may have an impact on traffic safety. This is 

most certainly so with educational policy. 

In the Netherlands the entire educational system is on the move. The general tendency is, apart 

from creating better equipped Institutions, to enlarge the size of the individual school. 

The Mnistry of Education prefers to deny potential safety effects. It can do so because protests 

and even expert opinions are often unsystematic or even downright subjective. There is a need for 

quick and simple methods to assess beforehand the safety of the situation after closure 

beforehand. The author has made several such efforts. 

For the primary-school problem a normative method assessing the accessibility of the new school 

was developed in a study commissioned by an official committee representing all institutional 

nterests. The method evaluates both the present situation of traff~ and transport on the new 

school route and the potential for cheap improvement. 

Because of the unusual character of the project an extensive survey of intemational literature was 

made. Danish and German contacts proved to be especially useful. Traffic safety inst itutions were 

consulted to see whether they could support the idea of develop ng a simple normative method . 

The results were in general positive. 

We found two existing methods: one Dutch, one Finnish. The number of infrastructural and trafft 

factors which were acknowledged to cause danger proved to be surprisingly small. It also proved 

possible to design generally accepted minimum values for these factors . These standards 

(concemlng for instance speed and intensity Of rTQor traffiC) form the baSis fo r tie method. If on 

.) "Universdalr hoofddocent" Planning Sociology, Delft UniversIty of Technology. Department et 
Civil Eng neering Room 3.17. 

B 26 7 5 3 
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the route to an alternative school the score on one of these factors exceeds this stardasd 

anywhere, the route Is considered not acceptable In its present state. Danger however is nd orly a 

matter of unsafe factors. Danger can be increased by combinations of factors in situations or bY a 

successions of dangerous situations along a route. This Implies that combinations of accepta~e 

values may be una.cceptable: acceptable factors combining into unacceptable Situations, 

acceptable situations combining into unacceptable routes. To take account of thls , some form d 

multi criteria analysis is required. The level of acceptability for situations was defined. after welgllng 

factors, as two thilrtj of the summarized maximum factor scores, scores which were normalized for 

this purpose. For the combination of situations along the routes the acceptable mean 

"situation-score" is defined at an ever lower level as the number of situations increase. In practice 

this implies that on the basis of indisputable factor-criteria (like no unprotected crossing on roads 

carrying more than 10.000 cars a day) an assessment of routes can be made resulting In a rejection 

of even moderately unsafe situations. 

Of course the results have no absolute value. The methoct does, however, distinguish schools 

that cannot be closed and schools that cannot be defended from closure, of least from the 

perspective of traffic safety. Without doubt there is a gray area in between, requiring further 

research. The importance of having one generally accepted assessment system however should 

not be lIlderestlmated: It is a sound ~ maybe the only basis for safeguarding the safety trterests 

of vulner~e chi ldren in general decision-making. 

The method was tested In 40 cases. It yielded results which only in a few cases caused some 

. doubt. 

The method Is used in aclua policy making at least at a regional level. 
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BACKGROUND 
\ 

In the Netherlands local decline of birthrates is a threat to the survival of many primary schools. If 

the number of pupils drops below a nationally defined standard, taking account of its 

geographical position, it has to be closed down. F~r re l1tively iso ated schools this standard '5 

very low: It goes down as low as 23 pupils fo rthe as t school in a village. Even then schools ca'n 

be saved with an appeal to "special circumstances" , amongst ot'h:lrs (extreme) inaccessibility of 

the nearest school and danger of the road to that schoo l 

In 1984 a new type of primary school was introduced and the opportunity was taken to screen the 

total supply of schools after years of tolerating schools which were too small. Several hundreds of 

them had to be closed down. Numerous others were kept open on the basis of an appeal to 

danger. The Ministry of Education was rather unhappy about this. After having consulted the 

usual Dutch standing committee of part'tipants in policy-making (with representatives of pro­

vinces, communities and unions of pnVate, but pubncly financed schools) it decided to carry out 

a few experiments with pupJ transport as an alternative for a dangerous school route. If these 

so-called ~'acces sibility experime nts" were to be a success a special regulation for providing pupil 

transport instead of financial support for the loca I school cou t1 be introduced. The standing­

committee formed a project-team with staff of its member-orga I1zations having experience with 

pupil transport. The planning sociology group of De It Technological University (TUD) was 

enlisted as a consultant, because it had reorganized pupill transport in the province of Zee ­

land shortly before (E. de Boer 1985). 

The project-team decided to do its wo l1< carefully. We were asked to survey a number of recent 

C10sures in orde r to find out whether accessibility problems had occurred, whether these had 

been observed or just imagined and whether adequate so lutions, if any, had been found. 

The results were rather alarming. In eight cases out of eleven we. found problematiC 

situations. Only in four cases had these problems been foreseen and solved adequately. (De 

Boer and van der Veen, 1986). Complaints about unsafe routes to substitute schools had been 

shown to be realistic and solutions had proved not to be selt evident. 

The Ministry thetrefore wanted to go further with experiments and we consequently made a 

proposal for future operations. The project-team, however, looked much further forward and 
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wanted to know under what kind of circumstances a transport solution would be justified. Since 

the grounds for our judgments in the eleven case-studies were rather vague - these were only 

expert judgments made under time pressure - the project-team asked us to develop explicit criteria 

for the acceptability Of new school routes resulting from closures. In fact it was asking for 

accessibility criteria for decision making on closures as such. We were quite surprised at such 

a scientifically difficult request and at the same fme thrilled with the idea of being able to 

introduce traffic safety in a both objective and normative way into the debate on school closures. 

Our sponsors were apparantly more confident about the result, than we were ourselves. They 

knew we had undertaken a quantification of accessibility costs of secondary schools closures, 

that had not been criticized. (E. de Boer 1984). We were only too well aware of how sclentifica Iy 

dangerous or even irresponsible a comparative assessment of safety on different schoolroutes 

can be and of how little we had been exposed to professional scrutiny. Experience in 

designing and evaluating a method for comparative assessment of an equally elusive 

phenomenon, severance or barriereffects of main roads had however taught us that, even in cases 

of hopelessly fragmentary kno'lAfedge, it is possible to produce widely accepted results and, what 

is more important, it had shown us how to proceed to produce these (de Boer, Hendriks 

a.o.1984) 1). It is the dangerous art of compromising between science and social tedmology, 

between the trUhful and the useful. 

PREPARATIONS 

Our previous experience was restrk:ted to comparative methods. Now we had to construct 

some kind of empirico-normative system with all its inherent dangers of being rejected both from a 

theoretical and empiriCa'l perspective, and from a normative perspective, selling ourselves and 

traffe safety to a Ministry of Edl£aflOll interested only in cloSing down Schools. Because of this 

last danger we first explored the attitudes of traf(1C safety institutions to our endeavours to 

design an assessment system and moreover one, ·,ntended to prevent only abnormal danger 

instead of to improve upon "normal" and no doubt not fully adequate, safety · It was clear from 

the very beginning that the ~nistry of EducatIOn would not accept the cost of an active safety 

policy. Th,s was also clear to the Ministry of Transport's TraffIC Safety Directorate represented in 
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the project-team, which therefore became an important ally. We consulted both traditional 

organizations in the field of traffic safety and more radical ones. The reactions of their staff were 

quite encouraging. The old and conventional "Safe Traffic Netherlands" (Veilig Verkeer 

Nederfand, VVN) welcomed the idea of criteria as a handy instrument for its own consuhancy and 

even more as a breach in the Education Ministry's notorious defense against safety arguments in 

policy-making. The radical organisation "Stop child-murder" had itself recently. deSigned a 

comparative method. This method was not f. for our purpose, not only because of its comparative 

non- normative nature, but also because of certain shortcomings 2). On the scientific side we 

surprisingly met with equal enthousiasm. The reaction from our contact in the German "Bundes­

anstalt fur Straszenwesen" was "I wish we had had a simKar instrument during the seventies w~h 

their massive closures" 3). 

Through a series of national and international contacts we tried to find existing methods, and 

Scientific evidence for the variables to incorporate and if possible for the critical values of these. 

Apart from Dutch sources German and especial y Danish sources proved to be useful. 

The Dutch research carr ied out by prof. Michon's Transport Research Centre (Verkeerskundig 

Studiecentrum) in Groningen is perhaps the best evidence of what the abilities of children in 

traffic are. In normal dafty practice they perform better than in experimental situations, perhaps 

because they have learned how to behave on wetl.known routes Ike the school route. In Germany 

11e long routes to school in a strongly car-oriented society have led to a special concern for the 

journey to school during recent years. A series of handbooks for improving existing routes 

contain, even ~e than simlar Dutch ones, more or less explicit criteria. An association such as 

ADAC purely devoted to car drivers has issued a good booklet on the "safe journey to school" 

(der sichere Schulweg) and an unequalled one on the schoolbus. 

Danish inquiries yielded much more than similar Swedish ones, in sPIte of the fact that we used 

comparable entrees. Professor Jorgensen of 1he Danish TU produced from his personal 

archive an anonymous Finnish method in the Swedish language. It betrayed bs nordic origin, for 

instance by taking account of snow-ploughs on the route. This method was alas also comparative, 

its outcome being a score, a dimensionless number without any qualification in terms of 

acceptability. This was even the case for indvt1ual variables like speed. The Dutch method had 

the same flaw, which made of them unfit for a normative approach. The importance of expresSing 
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safety in explicit cr.eria was underlined by the experience with an article in the Danish law on 

public schools, requin'ng a safe route to school or pup~l transport . Appeals to it were often rejected 

through lack of evidence. Evidently it was uncertain what kind of facts could serve as evidence. 

In Denmark as everywhere distance criteria form the prime basis for pupil transport. The standard 

distance criteria show a large variety, probably because there is hardly any rational basis for them. 

They rest on tradition, like the Dutch standard of 4 km. "over the shortest passable road": one 

hour's walk on a dry and level road. Undoubtally passable does not necessarily mean safe. 

However, In spite of their being arbitrary. distance criteria can be used as part of accessibility 

criteria, because of their level of acceptance. 

THE STATE OF THE ART 

The situation we found ourselves in after our initial enquiries might be called socially encouraging: 

we were unllke\~ to be morally crucified for undertaking the study. Scientifically and methodically it 

did not give sufficient discouragement to make us give up. In summary: 

There was no method available which with modest adaptation might be adopted. 

There was no theory, not even the simplest one on safety of routes. The methods we found. 

including a crude Swedish one of the Department of Traffic Safety ("Trafiksakerhetsverket") 

were not based on any explicit theory. In two of the methods scores for individual traffic 

situations of an equally mysterious origin were simply added. 

On the other hand it was clear that the number of factors commonly regarded to cause danger 

was rather restricted. 

For at least some of these (like speed) it was possible to define commonly agreed critica l 

values. 

For the interplay of these factors, creating greater danger in specific situations, some 

indications could also be found. 
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PREREQUISITES FOR ACCEPTABILITY 

Accessibility criter~, (or a method as it has sometimes been called, not only for stylistic reasons, 

but also because, no doubt, some kind of calculus will be required), intended for ex-an te 

evaluation of school routes has to comply with two types of demands, in order to be accepted for 

decision-making. It needs to be credible on the one hand, and workable on the other hand. These 

demands are in our case less oontrasting than they seem to be at first sight. When the level of 

knowledge is modest, and when scientHic and social choices have to be made, the structure of 

the method should be simple and its procedures transparent. The following demands should 

be met: 

Development of a simple theory on the causation of danger on a route 

Translation of this theory into a straightforward evaluation procedure. 

Incorporation of only the most essential variables which should be easi ~ measurable. 

Defining critical values for these on sound scientific grounds, well founded common sense or 

simply on legal rules. 

Incorporating safety margins into the "foundations" of the calcu us, exceeding values implying 

"bestial" unsafety. 

Logical or understandible combination of variables producing consequent safer vaues for 

indkildual variables. 

Face-validity or rather defensibility of the outcomes from the points of view of both safety 

and, unavoidably, closability. 

Conservatism with respect to outcomes, leaving some room for further defenses. using factua I 

accidents as an argument for instance. 

ACCESSIBILITY: DISTANCE , TIME AND SAFETY 

Hitherto accessibility and safety have been ta' l~d of rather bosely and seemingly interchangeab e, 
but of course accessibility ls the \i rge r concept. Distance 'IS an i"l'Ortant factor 'In access ibiflty, 

aff ecting travel time and safety because of ciJrato n of exposure. For this reaso n and because it is 
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easily measurable, it is often used as a criterion for closing down schools: the larger the distance to 

the next school, the .ower the minimum number of pupils allowed. Recently the Dutch government 

shortened these critical distances in an effort to stem the stream of complaints about danger from 

traffic. However, distance is too unreliable an indicator of danger. Short routes in urban areas may 

be less safe than 'onger ones In rural areas for instance. One might however assume that long 

distances are Inherently too unsafe for young ch·ldren (8-10 years) to go to school on their own. 

This is intemationally acknowledged in distance standards for (reimbursement of) pupil transport. 

One practical Imit for safety evaluation therefore 6 such a widely accepted standard; in the 

Netherlands 4 km for the whole of the primary school (4-12 years). Unfortunality decentralization olf 

policy-making·n this field has made this standard somewhat less self-evident. 

If for any reason a shorter journey to school is still fOJt.nci to be too unsafe, distance and time are 

Important factors in assessing traffic ·mprovements or transport alternatives: detours, waiting times 

and comparatively long-lasting journeys might make these unacceptable for the children and 

therefore useless. We have taken this into account in our system, but it will be ignored in the 

remaining part of the paper, as will be the safety of the means of transport itself, of the route to the 

bus-stop and of the direct school-environment. This Is because the safety assessment of routes is 

the most important element of the method. 

A SIMPLE THEORY ON SAFETY OF ROUTES. 

It is quite imposstble to investigate the danger of a new school-route by analyzing accidents and 

conflicts, not only because it Is not yet a school route but also because this approach requires too 

much time and money for decision-making on closures. Investigating subjective safety will not do 

either. It is too subjective for a debate and Is in any case seen as too emotional by the educational 

authorities. One is therefore teft with IndiCators, measurement of factors, like bad Sight, that are 

proven to be causes of danger. Danger may be caused by three different elements: by the value 

taken on by an individual variable, by the combinatIOn Of values of different variables it individual 

traffIC situations, and by a succession of hl9h situationallscores along a route. 
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It is quite obvious that a school-route may be rejected in its present state because at one or mo're 
places critical values of certain variables are exceeded. The idea of small children having to cross 

unprotected roads with speeds exceeding 100 km/hour is unthinkable. It is essential that tlte 

degree of protection offered by facilities such as pavements should be specified. 

It is quite obvious too, that a situation in Which only one variable reaches a high value, is less 

dangerous than one in which more of theme are reaching crHical values. Unfortunality it is not reall; 

possible to predict the level of danger resulting from the interplay of variables (apart from the 

relation between restricted visibility and speed) . Therefore a simple device is needed for defining 

an overall-score on the variables and setting a lower maximum on "average scores" than on 

Individual ones. This appraisal should of course also do justice to the three fundamentally dlfferen1t 

route elements: following a road, crossing it and going across crossroads. 

It is perhaps somewhat less obvious that confrontation with a sequence of unsafe traffic situations 

Is a further addition to danger and the to unacceptability of a school-route. However there 8 no 

doubt that the accident risk is increased by repeated exposure to similar (or dissimilar) danger. This 

implies that one sit L8tlonal score which is acceptable as such may be rejected as an average for a 

route. The device for setting a lower maximum on this ave rage had preferably to be the same one 

as in the previous stage In order to mlnlm'lze the arbitrariness of the whole. The reduction should 

al60 be dependent upon the number of unsafe situations en rou~: the more the ess acceptable. 

THE RESULTING ASSESSMENT PROCEDURE 

SuQ!! a three-leveliheorem allows for an efft:ient three stage assessment of safety as depicted in 

figure 1. In a first round the route may be explored superficially to rtld the places where critica l 

values of individual variables might be exceeded. If after measurementthis proves to be the case, 

further assessment is superfluous. Instead the possibility of counter-measures and of a transport 

altematlve will have to be considered. If a transport solution is feasible (public transport might even 

be suitable in its present state!) closure is acceptable, because all known and as yet unknown 

problems are solved at once. An traffic solution, like a traffic being is inevitably local and in the next 

step, assessment of situations in character. 
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lower values may be required even at the same spot let aline at other spots. Again a broad 

Inspection will produce a list of potentially unacceptable situations, for which measurement of all 

variables Is required this time. The search for solutions is then repeated, and in case non-transport 

ones are propaged and in the case that no problems have yet been found the third, and mos·t 

extensive analysis begins. Yet even then it is not necessary to scrutinize the entire route because 

parts of it may prove to be acceptable at first sight (footpath or bikeway present e.g.), after a s mple 

calculus (cul-de-sac) or after a brief measurement: very low Intensifies and speeds. 

The traffic solution altemative might be thought to be preferable because it gives the children an 

opportunity for an independent journey to school. h a procedure like this assessment can be 

stopped If a reasonable transport alternative exists or can be organized. Finding a traffic solution on 

the level of single variables is no guarantee for acceptable situations or routes and therefore more 

analysis has to be done. In this case however the preference for tendency towards transport 

solutions is partly ficticious and partly real: the purpose of this method is to judge closabilftyand 

not specifiC accessibility measures; It Is meant to prevent the worst danger, which makes transport 

altematives, which ideally prevent confrontation with danger, preferable for longer distances. 

VARIABLES AND VALUES 

Considerablle trouble was taken to find out which variables are re ~want ~Q' the safety of a route . 

Their number proved to be surprisingly small, the most important ones being traffic intensity, speed 

and viSibility. Apart from visibility, a number of distance and space variables are no doubt relevant 

though mentioned somewhat less often in literature. These are the total length of the journey, the 

length of a stretch of road (one situation) followed, the width of a road (for cyclists to ride on, for 

pedestrians to cross in one time) and the presence of sepraate facilities for those traffic participants, 

either for riding on or for walking and crossing. 

IntenSity contributes to the chance of conflicts for children cycling on the road and for children 

crossing. The latter are taking more risk With higher Intensifies because of long delays . A value of 

~OO motor-veh'tles a day we held to be acceptable, a value of 10.000 vehiCles completely 

unacceptable. 
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Speed is a self-evident contributor to frequency of conflicts (children have difficulties estimating 

speedsl) and to their gravity. Acceptable speed: 30 km per hour; rejectable speed 80 km. (the 

maximum allowed on Dutch roads apart from motorways) . Danger increases rapidly quickly above 

50 km. per hour. For pedestrians walking along a road 30 km. is the maximum without footpaths. 

Visibility is an absolute requirement for crossing, the length of the sight lines needed depending 

upon the highest speeds registered. 

Crossing distance is Important for the acceptability of gaps in the traffic flow. A distance of 3 metres 

is acceptable, one of 12 metres unacceptable. This might be considred rather strict '\1 comparison 

with the previous criteria. Yet wide roads are generally resented, and the problem can be solved 

easily by making an island in the middle, and by restricting locally the space for riding and parked 

vehicles. 

Width of the road has an impact on the safety of cyclists, na /Tow (4 m. and less) and wide ones (7,5 

m and more) allowing for higher intensities because in eithe'rcase they will be confronted with traffic 

in one direction only, which moreover cannot cause many conflicts any more. In these cases the 

intensity registered is taken only half as serious like (for crossing) in the case of a resting-place in 

the middle of the road. 

Length of a stretch of road (one continuous situation) is of relevance because of the duration of 

exposure which is only partly outweighed by adaptation to the situation. 

Total length of the school-route Some kind of distance Im it is required. In our system of criteria 4 

km. is chosen becaUse It is the traditional crlerion for pupil transport in The Netherlands. 

Facilities, whfch have been mentioned at various points must of course be taken into account. 

Footpaths, separate bikeways, tunnels and bridges are sufficient measures along or across the 

road respectively. Other measures like traffic lights must somehow be given a danger reduction 

value. These are relevant when judging more than one varlable i.e. for judging situations. 

SITUATIONS: INTEGRATING VAR IABlES IN A CALCULUS AND PUNISHING EXTREME SCORES 

A major problem of assessing safety on the basis of indicators or constructing a general 

acceptability criterion for situations or even routes is incomplete knowledge about the interplay 0 f 

varfables. Only some of these could be expressed with reasonable reliability in one real value: corn-
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bining speed, intensity and cross'II1Q-length may yield a certain chance. a mean delay for a sufficien1t 

gap in the traffic flow. The general problem though cannot be solved this way. The only way out is 

to choose some form of mult~riteria anatysis as described by Voogd (1983) for instance. As a ru ~ 

these are used to combine dlferert arguments. which are not comparable into one; the most 

IimHed form being a presentation of all facts in one table, the most far-reaching one being a 

translation into a monetary balance. In this case multl-criteria analysis is to be used for 

"comparables", arguments leading to one kind of conclusion: a degree of safety being acceptable 

or not. Arithmetic simplicity is required because of the limited level of knowledge. A numerical score 

is nevertheless preferable as an outcome for the sake of clarity. Of course the outcome is nothing 

more than the result of the best possible combinatorial reasoning and agreement on limits. 

The first step to be made is expressing a" variables in a similar way. This can be done most easily by 

normalizing them: assigning a score of 0 to the lowest possible value (e.g. 2000 motor-vehic~s) 

and a score of 1 to the highest possible one (10.000 or more), and intermediate scores to 

intermediate values on a proportional base. or disproportiona"y if necessary, as in the case of 

speeds. 

The next step is to weigh variables. For crossing for example speed may be thought to be of more 

importance than intensity. 

The th;rc! step is to assign correction values to special cire tmstances like width of the road and 

facilities present in the situation. 

The fourth step is designing a formula to calculate a summary score. Given the previous steps this 

is rather easy. The formula's we made are presented in figure 2. Different formula's are used for 

longitudinal, transversial and cross-road-problems. In fact the latter case is only crossing one arm of 

a cross-road. Crossing a second arm requires seperate assessment because conditions can be 

qu ite different there. 

An equal maximum score for different types of situation ·IS a prerequisite for constructing a rou ~ 

score. The maximum score for every type of situation is dec tded by intensity. speed and (cross~) 

distance. Correctional factors may increase or decrease the score. The figure in the denominator 

limits the possible score to 1 (L aoo T) or 1 S (C) . 

The maximum score accepted for any given situation is 0.66. which implies that problems in 

crossing at crossroads are punished more heavily than other elements of the route. The 
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reason for this is the large degree of complexity at crossroads. Defining a 0.66 standard was of 

course difficult because of its arbitrariness. After a few exercises and practical tests we decided to 

choose this very simple standard. It implies that no route with a length/speed of 80 km/h. and 

10.000 vehicles will be accepted. Transversially combinations of for instance 60 kmlh and 6500 

vehicles per hour or 50 and 9500 vehicles are however accepted but only for (impossibly) narrow 

roads (see figure 3). The moderating effect is evident but these combinations indeed are still 

looking rather dangerous. It should not be forgotten though that only one such Situation will be 

tole.rated on anyone route. 

ROUTES - INTEGRATING S ITUA TONAL SCORES IN A CALCU LUS AND PUNISHING RATHER 

MODEST SCORES 

The question of how to make a route-assessment was now quite simple. A route is a success'Dnof 

situations some of which are innocent or at least completely acceptable (score 0) and some of 

which are less acceptable (scores 0,0 to 0,65). The unacceptability of the route increases with the 

number of less acceptable situations. A route with only one such situation (0,65 e.g.) should be 

judged more rigorously. In a way It Is logical to use, in the case of a "normal" rurrber of "less 

acceptable situations", the same two-thirds-welQhtlng as for single situations, wh'ch means that for 

a somewhat longer route only 0,66 x 0,66 or less than 0.44 of the original variable score w'ID be 

tolerated. 

EVALUATION AND IMPLEMENTATION 

Both the Ministry of Education and the Project-team were interested le'ss in the structure and 

content of the method than in its results . For them the question was above all: how many schools 

could be closed upon applicatIOn of the method, and, more sp8Cifica ty, what will be the net·result 

in financial terms, resulting from saving's on s <tiools and co Ss for traffic and transport. 
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We took a stratified sample of 40 out of 600 schools wh'ch were too small, regard'ng three 

characteristics of individual schools: size (decisive for tl8nsport cost), distance (decisive for 

transport need) and geographical position (important for traffic-measures). A great part of the cases 

were taken from a list of the (non-expert) Educational Aspection Indicating schools causing "very 

serious" or "Insurmountable" accessibility problems upon closure. These proved upon application 

of the method hardly to differ from the other cases, which 'n itse , proved the utility of an objective 

methOd. 

The result of this rather extensive application could be called not 'unfortunate'. An estimated 25% 

of all schools could be closed down without causing accessibility problems at all. Another 25% 

would cause so much problem that closure would hardly be attractive from a financial perspective, 

i.e. it would cost at least half as much as the mean savings per school. The remaining 50% might 

disappear after taking affordable measures. Especially the smaller rural schools could be readily 

~Iosed utilizing pupil transport. The larger urban schools, for which transport is more expensive and 

more inadequate proved to be more difficult. 

The method and its results were presented 'n the standing committee and were received not 

unfavourably. In the mean time the Ministry however had decided to design more lenient pupil - and 

distance - criteria in order to get rid of "special Circumstances," amongst which traffic safety. This 

might be called a rather naive idea considering the tradition of decjslon-making on closures. The 

Secretary of State for Education did not want to be accused of neglecting safety alltogether and 

asked us to make a guide for creating a safe journey to a new school intended for local use. Given 

the short time-lapse between the decision on closure and the actual closure - often less than 6 

months - the text had to be aimed at stimulating action. After our slightly disappointing experience 

this at least was some fun. 

We had no reason for great disappointment. In The Netherlands responsibilities for opening up or 

closing down primary schools are divided in a rather strange way: the Ministry is responsible for 

private schools which mostly have a religious background but are normal in every other respect 

(financially too); the Province, a lower level of government, supervises the communities and their 

schools. At a prevDus stage both educational and safety officials had agreed at an 'ht8rprovinciaJ 
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level to use our criteria. They followed the altered policy of the Ministry and they even went 

somewhat further with respect to distance criteria. Because of this and because of the supposed 

difficulty of the method (any method one hasn, used Is difficult, especially for those not used to 

methods at an or not even familiar with the subject) it moved more or less to the background. Some 

provinces however do use it more or less actively, some communities are using it too in their 

defense. The Province of Overijssel is undoubtedly the most active one. Our most recent 

assignment came from that Province. We had to pass sentence on the primary schools of 

Beerzervekf, Ossenzljl and St.-Jansklooster. 

Designing a method on accessibility might lead in the end to becoming an executioner. In traffic 

safety however one can never deny moral responsibility. Fortunately this kind of science has its 

restrictions too. We have warned strongly against mechanical use of the method. In the case of 

strongly contrasting values on different variables (very low Intenslties, too high speeds) the 

face-validity of the result is not entirely convincing. In the case of situatlonal scores approaching 

critical values it Is absolutely necessary to see whether specific Circumstances may leadt to firmer 

conclusions. 
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NOTES 

1) The method and its background have been summarized in: E. de Boer, 1986, Estimating 

severance caused by main roads. 

2) Fo r instance It takes account only of crossing a road, not of following it, which can be 

dangerous as well. The variables In the method are, however similar to those in our method. 

3) In Germany educational arguments ed to the closure of all smaller schools and thereby to 

massive and costly pupil transport (at east 2 billion Marks a year) and massive safety problems 

when Impoverished authorities tried to withdraw it. 

4) Tradition however has a force of its own as Swedish experiences have shown. Moreover the 

Dutch Association of local Authorities (VNG) has designed a model by-law to ensure a high 

degree of uniformity in community pO'icies. 
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Agure 1. The OUIIine of the assessment procedure 
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Figure 2. Criteria for dHferent types of situation 
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Fegure 3 The mulroom speed (85"'/~ allowed on roads to be crossed 
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DEEPENING THE ENVIRONMENTAL ANALYSIS IN RESIDENTIAL AREA WIT HTHE 
COOSClOUS MEASURES 

by Takashi NISHIMURA (Osaka City University, Osaka, Japan) and 
Hiroyuki TAKAI (Kinki University, Hiroshima, Japan) 

1 .. lntcQducftOD 
Generally, the traffic environments a ~ analyzed by the physical measures such as 
the traffic accidents rate, traffic noise level and so on. To deepen the environmental 
analysis, resident's evaluation for the physical environment will be usefully 
considered. To introduce the residenfs evaluation it is practical to make several 
conscious measures based on the surveys by questionnaire, Such conscious measures 
which will be considered to be essential in analysis of the traffic environment of the 
residential area are designed to meet the alms of analysis, 

As the examples of the conscious meaSlXe, uneasiness for traffic accidents, nuisance 
for traffic noise, feeling for traffic convenience, comprehensive evaluation for the 
whole traffic environment etc, are introduced which can not be expressed by the 
physical measures, therefore thought to be used effectively together with physicall 
measures, After the conscious measures were calculated from the results of the 
resident's feeling survey, the characteristics of the conscious measures were 
examined by the multivariate statistical analyses and some prediction models were 
developed for major consc'bus measures in relation to the other conscious measures 
or fundamental factors of area such as the land use, road system, traffic volume, 
residential house type, population and others, Then traffc el'lllironmental evaluation 
system were built for the comprehensive measures of the traffic environmen~ 
otherwise the comprehensive eva1uaflon would not be possble because proper 
physical measure for comprehens'''e evaluation would not be found, 

2, Fundamental surveys 
For the typical residential alteas of various types ranging from high population 
density to low density, some fundamertal suveys were planned to obtain the actuall 
conditions of the areas which hcluded bllow'ng items, 

(1) Conscious meas ures', 
Resident's appraisal for the var'bus sides of traffIC environment ( by questionna're), 
uneasiness for traffIC accidents (this measure is expressed by the ratio of the 
residents who feel uneasy or r'~ky on the roads around their residence to the all 
residents surveyd, s'lm'.ar to other measures), overall nuisance for traffic (ratio of 
the residents who feel nuisance by traffic). feeling for traffic volume (ratio of the 
residents who feel traffic volume is too much). nU'lSance for parking. 1raffic noise. 
traffic vibrat bn, alr polution. uneasiness for children's outdoor play'lOg (rarlO of 
the residents who feel uneasy or risky in children's outdoor playing on the roads 
around residences), w'llfing to remove tesidence (ratio of the residents who feel 
better to remove the'lr residence to avoid the traffic nu imace) , cOfll)rehensive "good" 
evaluation (ratio of the residents who feel the traffIC environment is good generally) 
and comprehensive "bad' evaluation, 

(2) Physical measures; 
1) fundamental measures of area 
population and employee, land use ty~ , density a business firms, road system 
(width, s',de-walk. densky) . etc, 
2) environmnetal measures, 
traffic accidents rate. tra ff,c no'~e level. e tc. , 
3) traffic flow. 
volume of vehicle traffic, beyc ~s, pedestflans and parking, speecE distribution, 
heavy vehicle ratio etc" 
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4) traffic regulation, 
one-way, low-speeds, park irtg proh'b'tion, heavy vehicles prohibit bn, I'l!) vehic~9s 
(pedestr'anization) , e't .. 

These surveys were carried out in 32 residential areas in Osaka Pref. and in 
Hiroshima City, About 5700 famil'es and 12,000 members of the families were 
sampled, corresponding to about 80 percents of answering, Averaged sampling raflO 
was about 6 percents, 

From Table 1, actual features of the high density reside rtial area in Japan with heavy 
traffic on the narrow streets will be outlined, And also the resident's averaged 
feeling for the various sides of environment will be explaind in Table 2, 

3, M a-lyses C)rt ttla OlrJsd'aus rnaasuras 
Sev91tal analyses on ttt-e conscious measures were attempted by statistical methods in 
re ation to the other conscious measures and physical measures. They were c hssified 
as be'bw; 
(a) conscious measures X conscious measures, 
(b) conscious measures X phYSical environmental measures, 
(c) conscious measures X fundamental physical measures, 

(1) Correlation between the conscious measures 
Genera Iy speakIng, relations between each pair of the conscious measures have 
considerably high value of the coefficients of correlation each other, Some examp hs 
of the relations are shown in Figure 1. 

A result of the cluster analysis is also shown in Figure 2, which shows the grouping 
characteristics of the conscious measures by the coeffic'ent of correlation between 
groups. Uneasiness tor the traffic accidents, overa 11 nu'sance for traffic, nuisance 
for traffic noise and comprehensive evaluations for the traffic environment are 
grouped in a large cluster, and slightly apart from other independent measures such 
as nuisance for parking, nuisance for traffic vibration etc .. 

(2) Relationships between the conscious measures and physical environmental 
measures 
The conscious measures are also re'tlted to the physicall measures. Here two examples 
of such relations are shown. One's a relation between the comprehensive "good" 
evaluation for the traffc environment a rt:f the actua I traffic accidents rates in 16 
residential areas as shown in Figure 3. 

This shows a considerably close co .. eitltion and the usefulness of the conscious 
measures. The other example is the relation between the nuisance for the traffic 
noise and the actuall noise levels in the areas as shown in Figure 4. This relation 
shows also a resonable correlation and the general 'mportance of the conscious 
measures, 

(3) Relationships between the conscious measures and fundamental physical 
measures 
Conscious measures are also expected to be inf uenced and formed by the actual 
physical conditions, The simple coria tltion coeff icients between the conscious 
measures and various physical measures are shown in Table 3. General level of 
correlation coefficient is considerab V low compared with the relations stated above , 
but many pairs of significant re titrons are observed . 

The density of employees in daytime, ratios of floor use for residential use, shares of 
the narrow road width less than 4 meters,and average road width are in relatively 
high correlations with conscious measures. 



Table 1. Actual features of the residential areas (physical measures) 

ITEMS 

area si"ze (ha) 
population (1000 persons) 
area of road (ha) 
area of park (ha) 
area of building (ha) 
area of residential land use (ha) 
area of commercial land use (ha) 
area of industrial land use (ha) 
average road width (m) 
traffic accidents density 

(accidents per ha per year) 
fire hydrant density (per ha) 
fire density (per ha per year) 
max traffic volume (per 12 hrs) 
max volume of heavy vehicles (per 12 hrs) 
max volume of bicycles (per 12 hrs) 
max volume of pedestrians (per 12 hrs) 
one-way regulation rate (%) 

MEAN 

70 .01 
10.01 

9.34 
0.92 

18.64 
35.68 

2.78 
2.41 
5.71 
0.41 

1.41 
0.65 

5777.01 
204.01 
778.81 
1813.6 

22.91 

COEFI4CIOO 
OF VARIATION 

0.365 
0.367 
0.488 
0.962 
0.299 
0.398 
0.754 
2.252 

0.28 
0.48 

0.18 
0.36 

0 ·61 

Table 2. Actual features of the res ttenfal areas (conscious measures) 

ITEMS 

uneasiness for traffic accidents 
overall nu/snace for traffic 
feeling for traffic volume 
nuisance for parking 
willing to remove residence 
nuisance for traffic vibration 
nuisance for exhaust gas 
uneasiness for children's outdoor p eying 
willing to remove residence 
comprehensive "good" evaluation 
comll'ehensive "bad evaluation 

COEFFICIENT 
MEAN PFVARIATlON 

(%) I (STD/MEAN) 
78.2 0.14 
57.2 0.29 
62.1 0.34 
29.4 0.63 
63.7 0.28 
44 .8 0.43 
60.3 0.35 
64.6 0.26 
24 .1 0.65 
40.1 0.46 
17.9 0.81 
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conscious measure nuisance unealine .. overall nuisance unea.,,. .. 'or 
'or 'or trafftc nuisance for for traffic childr.n'. ,,.. rtd accidents traffic nolle outdoor al 

population density -0.265 -0.357 -0.247 -0.279 -0.366 
employee density 0.596 0.517 0.617 0.68 0.308 
park area ratio 0.329 0.162 0. 171 0.298 0.318 
volume of total floor 0.473 0 .362 0 .• 71 0 .529 0 .306 
residential use ratio -0 .• 82 -0.278 -0.381 -0.475 -0.208 
residential floor ratio -0.521 -0.57G -0.556 -0.Sla1 -0. 58 1 
fireproof wooden house ratio 0.523 0.61 1 0.371 0.4.8 0 .518 
residence density -0.236 -0.385 -0.187 -0 .258 -O .• U. 
road density -0.288 -0.277 -0.318 -0 .• 51 -0.313 
average road width 0 .605 0.5il 0.511 0.63-4 0.601 
ratio of road area -0.585 -0.8" -0 .567 -0.738 -0.815 
less than 4 meter width 

0.529 0 .668 0.428 0.567 0.494 

(note: 10%, 5%, 1% significance 'evel is 0.423, 0.493, 0.615 respeclively) 

Tab'8 3. Correlations between conscious measures and physical measu res 
(simple coefficients of correlation ) 
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4. m'jc "v',rlllrrIHlil 'VilU1jtjl1Dl~,1 
To build the evaluation model for the traffic enviroment, prediction model for the 
environmental measures have to be developed based on the physical measures of the 
residential areas. Here two types of the prediction models were developed by the 
fundamental groups of physical measures. 

One is the model for the partial sides of the traffic environment, and the other is the 
model for the comprehensive evaluation for the whole traffic environment, and which 
caused the possibility of the comprehensive environment evaluation through the 
conscious measures, otherwise the comprehensive evaluation will be difficult for the 
lack of the proper physical measures. 

Here a case for the comprehensive "good" evaluation is explained for an examp ". The 
prediction model for the environmental measure is constructed by several ways, such 
as the multiple regression analysis, statistical quantification theory or other 
statistical methods. 

Stating about the multiple regression analysis, there are two directions about the 
way of combing the independent variables (physica I measures). One is the large 
model which includes many factors, with relatively high coefficient of regression. If 
a resonable model is developed, this method is desirable, but it is usually not easy to 
build good large models. The other is the small model approach which includes a few 
numbers of the independent variables, but builds many small models. These small 
models are easy to be built, but the level of Significance of each model descends. 
Merits of this approach is to be able to cover almost all factors (physical measures) 
concerned through small models. 

Here the latter approach was adopted and some regression mode'S fo rthe 
comprehensive "good" evaluation for the traffic environment were developed, based 
on the fundamental physical measures. The same numbers of the predicted values as 
the prediction models were obtained which distributed in some range as shown in 
Figure 5. To synthesize these values weighted means by the multiple regression 
coefficients of each model were calculated as shown 'f'l Figure 6, where the weighted 
means by correlation coefficients "R" and by the coeff'cients of determ'nation "R"2 to 

are shown with the basic correlation coefficients used, 

These results of the synthesis by weighted mea n method by correlation coefficient 
showed to be able to keep the high correlation between the synthesized values and 
actual obsereved values, Then the small model approach is considered 10 be practical 
in the environment evaluation and improvemen t problem, 

5, Conclusjon 
The conscious measures were introduced in the evaluation of the traffic environment 
in the residential areas and analyzed on their characteristics of the environmental 
measures, The major results are summarized below, 

1) The conscious measures are able to be created in any interested points in the 
environment freely and surveyed by questionnaires for the residents, 
2) The comprehensive evaluation measures for the traffIC environment are able to 
be settled as the important measures in the environmental analysis and improvement. 
3) The conscious measures were related each other at considerable high level of the 
correlation coeffICients and made some major interrelated groups and some 
independent individual measures, 
4) The conscious measures were also related to the fundamental phySical measures 
(population, land use, arch'tectu~1 building, road system, traffic flow, traffic 
regulation etc.) , and that suggested possibility of i I1l>lOving the evaluation for the 
traffic environment through the controlling of the fundamental phySical measures. 



5) The conscious measures were closely related to the physical environmental 
measues, that suggested the utility and importance of the conscious measures. 
6) The prediction models for the conscious mesasures were developed based on the 
fundamental physical measures. The small model approach was attempted, which had 
a purpose to reflect the physical conditions of the area to the environmental measures 
through many small regression models. It was shown that the method was practica.L 

Summarizing the study, the conscious measures are interesting measures and it was 
testified to be useful in environmental analysis to introduce the resident's fee~ng and 
evaluation. These approach should be attempted in various environmental problems 
to discuss the roles of the conscious measures. 

~ 
We are gateful to the Mmiclpal Governments and Police Departments in Os aka and 
Hiroshima, and other cooperative organizations and persons for their he ps 'JJI the 
study. 
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The aim of this paper is to show how research in road safety and 

especially the driver behaviour can be clarified by social 

sciences theories and data. 

We will start with the three following assumptions which ,I 

hope,will make this approach more obvious and clear. 

1 driving a car is (in part) a social activity 

2 road safety is (in part) a social fact of life 

3 a road accident is (in part) a social event. 

1 We know that car driving is in most cases determined by the 

soc 1al structures. It is to fulfill their social roles and to 

sat i sfy social obligations that people travel :the road traffic 

system is a means to an end. 

Furthermore, everything that surrounds dr iving , for example t he 

highway code, and everything that controls i t:police,insurance 

companies, are the product of this very same society and are the 

result of a social action. 
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Next , we must accept the fact that driving a car is one aspect of 

ou r soc i a l wor l d , of our culture and that the attitudes that 

guide dr i ving are part of our cultural make up, a part of our 

cultural heritage which we received and which is continually 

reinforced : driving is subject to a II sorts of cultural and 

social influences. 

Furthermore , the car is not only a means of transport but also a 

consumer goods .As such, it is an e 1ement of the drivers social 

status. In these conditions,if the vehicles are a reflection(more 

or less clear) of social belongings, then we can consider traffic 

space as a social surrounding which ,as such, is characterised 

by some interactions (Wilde, 1976) , exchanges and conflicts. This 

means that we can very well conceive that traffic is structured 

by social dynamics . 

2 the need for safety is not in itself a fact of society .What it 

is,is the taking over of the responsability for road safety by 

the social institutions and the administrative authorities. The 

socialization of road safety is a recent event . L 'Hoste (1980) 

showed that in France it became a state affair within the 

ideological context of Chaban-Delmas ' s neo-gaullian new society . 

If as Emile Durkheim believes (ed .1970) "in order that the 

collective feelings penetrate people minds they have to obtain 

a higher intensity than the one they had up to then and the 

community in his entirity has to feel them with greater 

strength. It so we must consider that road safety is buil t up as a 

social value , i f not,it would not e xis t. 

3 as for accidents,we know that their regularity is determine d by 

the structure of social activities . As we know these activi t ies 

(wo r k , ho melife ,hobbies ... ) and we k now how the car a llo ws them t o 

be sat i s fied we can forecast acc i dent s both in t i me and space : 

we kno w tha t o n t he roads accide nt s a re more frequent at ho liday 

time, t hat they va r y a cco rding t o t he days of the wee k a nd 

hours . (Setra , 198 7 ) . we canno t r ea lly cla im they are unpredic t ab l e 

o r in 90 % of the cases cause d by huma n error beca us e , t o be 

fai r,we wo u l d then ha ve t o say t hey are in 90 % of the ca ses 

caused by socia l reasonst 
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THE SOCIAL "COMPONENT" OF THE ACCIDENT; 

As we get used to accept the human error in the accident 

causation, we cannot very well see what is the social 

component.For example, let us reconsider the human factors usually 

detected in accidents : misperception of traffic, hazard, driving 

excessively fast, failing to give way to other road users, close 

following,improper overtaking,impairment by alcohol ... In a very 

narrow deterministic view, driving mistakes are conceived as 

accident factors.However,the obviousness contained within this 

deterministic outlook mights hide other phenomena.For example,it 

is interesting to know how mistakes are encouraged. In our 

examples some social motivations may be the cause of the error 

:fulfilling social obligations can be the reason for speeding or 

for overtaking in a dangerous way (Giscard, 1961) and we know how 

the impairment by alcohol is linked to social life (Biechler­

Fretel, Danesh-Pajou, Elouadrani, 1987) . 

The social element "contained" in the accident can be perceived 

in so far as we agree that human behavior is subject to different 

influences and controls tn other words ,the driver is not 

exclusively sensitive to the stimuli of his most immediate 

surrounding.The driver psychology has to accept that there is a 

social control over motor and cognitive functions .. 

Let us take another example where one can easely understand this 

social effect . It has been shown in Fr.ance (Brenac and Postel, 

1987,Fontaine,1987) that male dr i vers are a higher r i sk group 

than female drivers. In Great-Britain Broughton(1986) has shown 

that total eq uivalents to app r oximate l y 5% of the male driving 

population and 1% of the female driving population are convicted 

of traffic offense each year. These differences can be explained 

by several factors espacially the types of route taken by each 

person but a sociological explanation can also be given.Such 

differences between males and females can be understood if 
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masculi nity an d feminity are considered not only as biological o r 

physiological characteristics but also as social attributes .We 

wi.ll suppose t h at these attributes are established by social 

rules which fix people in quite rigid roles (Parlee,1983) .We can 

easily admit that in o ur society man ' s positive image is as much 

related to risk as woman ' s image is related to safety 

(Barjonet, 1987) .Let us then suppose that such images work as 

behavior models. 

In these examples, the accident is considered as being caused by 

external events ,foreign to the traffic situation.But we can also 

maintain that the accident i s the result of a social interaction 

within the traffic conditions .This fact is quite apparent ~n 

conflict studies.The idea of conflict includes an evident social 

dimension and the study of conflicts in general is an important 

heading in social psychology 

(Festinger,1957,Zajonc , 1966 , etc ... ) . A traffic conf l ict may be 

conceived as a simple social confl i ct between two or more people 

fighting for driving space(Boltanski , 1976) .Also , it can be 

considered as the outcome of a communication process disturbed by 

differing norms of reference . In France,Monseur and 

Malaterre(1969)have shown the amb i valence of the prior i ty rules 

as soon as different and dive rging assumptions accur concerning 

the purpose of the other driver . 

People ' s daily life is full of conflicts connected with 

power,authority and prestige .There is no spec i a l reason for the 

driving social relationships to be any different . Wilde(1976) 

emphasizes the interest of research on social interact ion 

patterns .He has shown the fea3ibility of applying some s ocial 

psychology t heories to t ra f fi c r esearch, espacially t h e study of 

the influence of i n forma l norms on d ri ving and the est i ma t i on of 

danger .The r e l at i on s hip be tween l ega l norms ' a nd s ocia l norm s h as 

b een f ull y s tudied in Fr a n ce by Mo get - Mon seu r (1 98 4) then by 

Biechle r-Fre t e l(1 98 6) . 

Researches on the "soc i al f act ors ' of accide nt ha ve o f c our se a 

t hreshol d .Some l eads followed a fe w years ago (Haddon, Suchman and 
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Klein,1964 ) have been dropped: they took up again the idea of 

accident proneness no longer on the basis of psychological 

criteria or personality but on the basis of social features. 

Considering the driver ' responsible" of the accident to be a 

'1deviant " is more a distinction relating to criminology and 

normative issues than to a research attitude. 

DRIVERS PSYCHOLOGICAL SUBJECTS OR SOCIAL ACTORS ? 

Social differences in drivers are not easily accepted in road 

safety research.In many cases of experimental studies the driver 

is put up in an abstract way, as the universal subject of 

psychology,as the medium of a psychological function (as motor 

skills or cognitive activities) . 

In other researches, this time clinically based, the driver is 

presented as a single element .Each driver is specified according 

to his background or personnal experience. 

In a position between the general and the specific social 

sciences offer a half way so l ution by considering groups of 

drivers socially classed according to 

income , occupation, lifestyles . . . 

Such a perspective is based on the idea that society is an 

organic unity of classes,groups,institutions.If we accept the 

fact that society is divided into social classes which differ on 

numbers of features:income,lifestyle,consumption,power ... then we 

may suppose that these social classes differ also in driving and 

safety. 

This is not a wishful thinking.If we relate occupation(which is a 

good index of social status) to r i sk exposure (accident/km) we 

obtain results which have both socio l ogical sense and a mea ning 

for road safe t y(Table 1,AGSAA , 1980 ). 
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, 
Profession of the driver accident rate j)ery_ear accident rate per km 

'Non working population 

mother's help 90 95 
pensioners 66 100 
I students 139 145 
. others 106 121 
total 82 110 
unemployed 128 134 
I 
i working population 
I 

farmers 67 1 78 
. industrialists and tradesmen 132 132 
lartisans 101 91 
; liberal professions,segnor 
executives,engineers 121 86 
I university and school teacher 108 , 96 
I technicians 11 1 91 
employees and social services 113 105 
foremen and workers 102 104 
others N.S N.S 
total 105 99 

total 100 100 

Table I Car acc idents related to the drivers 'occupation. 

Such Cl study implies of course the Use of wide - spread surveys 

rather than direct observations on small samples.But surveys can 

reflect behavior precise l y. This is the case for insurance or 

police files or ad hoc socio l ogical questionnaires . Interviews 

methods and data analyses are now accurate enough to al l ow the 

validation of relevant assumptions to establish behavior patterns 

which then can be specified in a sociological way.Especially /we 

have tried to clarify behavioural patterns concerning risk t aking 

and obedience to countermeasu res (Bar jonet , Cauzard , 1987) . These 

large surveys allow us to r ela t e safety behaviour a ny fac t o r 

juged woth while :mobility , a ttitudes t owards healt h ' . . Thus , the 

e xplana t ions h ave g r eater scope .Moreover , theses me tho ds a re 

commonly used f o r tr a v e l s tudie s , in tra n s port e c o n o my a nd 

s o c iolo gy . (leTB, 1987) . 
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A small import ance i s usually granted to these foundings because 

we often bel i eve that we canno t i nfluence deeply large social 

groups.This i dea is reinforced by the conviction that the most 

efficient way to influence peop l e ' s behaviour is to operate 

directly on traffic layout or vehicle engineering.This viewpoint 

was rightly criticized (Wilde , 1982) and we know that indirect 

levels can be put into use.In France ,the almost simultaneous laws 

concerning speed l i mit, the wearing of safety belts and legal 

alcohol rate have significantly changed behavi ours and the curve 

of fatalities has been reversed . (Table 2,3.) 

225 

200 

175 

150 

125 

Table 2 . 

EVOLUTION OF THE ACCIDENTS RATES. 
(BASIS: 100 =1955) 

.. - accident rates ·0- injurie rates .. - fatality rates 
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T lble 2 ·.E.1rolu.tion of ac~idents number. (Set ra,1-98.& 
year number of accidents number of iniurles number of fatalities 

1955 140232 184387 8858 
1956 141737 188897 8283 
1957 143796 192267 8517 
1958 134713 184156 8126 
1959 137273 187202 8049 
1960 141309 193326 8295 
1961 159535 222744 9140 
1962 169204 239255 9928 
1963 176275 250981 10027 
1964 192999 275180 11105 
1965 210754 302406 12150 
1966 209906 302267 12158 
1967 205472 314941 13585 
1968 220201 326587 14274 
1969 220618 325937 14664 
1970 228050 336590 15034 
1971 242464 361524 16061 
1972 259954 3 8 8363 16545 
1973 261212 381779 15469 
1974 251378 357647 13327 
1975 251192 358622 12996 
1976 253318 361322 13577 
1977 250158 359061 12961 
1978 238815 339697 11957 
1979 242975 348101 121 97 
1980 241049 345977 12384 
1981 232269 338041 121 90 
1982 223800 325760 12160 
1983 209715 306040 11677 
1984 199454 2940 10 11525 
1985 191096 28 11 92 10447 ... ~ . -.-- . . -.~-- . -.-.---~.--

Another example this time concerning speed.It has been shown that 

drivers change their behaviour through fear o f punishment but 

also because they think that sped limit could protect t hem from 

accidents and make accidents less 

serious (Barjonet, 1983 , Ch i c h, 1981) . Drivers r ~act t o safet y 

measures not only to confor m to the code but also t o convert t o 

safety rules throu g h be lief of their ef f icien cy and 

legitimacy. ·Both these cases are the r esult of i nfluen ce a nd 

social pressure.When drivers do not obey the s ~ f e ty r ul es i t i s 

also the result of social presssure but a reve r~ed on e , cent e reri , 

for example , on risk. 
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The truth of the matter is that I r eally wish to insist on the 

fact that changing behaviour , conversion into safety norms can be 

done in an indirect way.And this is necessary.So that behavioural 

structures last and have some consistancy and regularity we have 

to accept the assumption of an organizing mental structure and 

admit that behaviour is not only ruled by physical stimuli 

. Behaviour is not only a reaction to external surrounding. The 

social learning theory (Bandura,1976) claims that if a behaviour 

changes according to the consequences of the responses this does 

not imply that theses consequences have to be tested : it is 

enough to have representations of these consequences.This means 

that people learn rules indirectly through symbolic process and 

behave through mental control. 

This implies that more importance is attached to intermediate 

variables such as representations or attitudes.We cannot within 

this short paper insist enough on attitudes properties such as 

readiness for action and instrumental pattern. (Fishbein and 

Ajzen, 1975) .And yet, the ability to act on attitudes and 

especially social ones is a main level to create safety 

behavior.When legal rules become social rules they gain all the 

strength of the custom and its legitimacy too. 

As the following diagram shows , an attitude can be conceived as a 

system which regulates social pressure and mental control and 

plays a strategic role in the accomplishment of behaviour . 

Ilnstitutionnal and leaal rules 

I Social learning(copying,pressure. Representations 
influence) of behavior and achieving I the consequences behavior 

I Norms and social values 
attitudes 

Tr aditionn all y,in the fi e l d of road safet y , adverti s i ng campaig ns 

are con cei ved as u sef ul way s o f i nfluenci ng atti tudes .Cont rary to 

legal r egulat ions wh ich a r e a d r e ssed t o al l driver s her e we can 
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adapt the message to each target groups.The impact of a campaign 

can vary.We know that reactions to campaigns vary according to 

the topics,the styles of communication,t he social 

belongings (Barjonet,Cauzard, 1980) .Their impact can be meas ured 

before and after with attitude scales.Unfortunately , researchers 

rarely control campaigns from the beginning to the end .The 

administration tends to trust rather the avertising agency than 

the advice of researchers.This is why campaigns have often little 

scientific support.They are based more on administrative ritual 

than on scientific principles.It is this fact that increases the 

belief that campagns are not serious tools. 

10 

The political use of campaigns does not imply that such an action 

is unefficient in principle .If we accept the fact that exposure 

to risk and attitudes towards safety vary according to social 

belongings, ages and sexes, then we must go on thinking about 

persuasive communication as an useful means of reaching selected 

social groups. 

SAFETY BEHAVIOURS WITHIN SOCIAL DYNAMICS. 

Driving and attitudes towards safety are not only built by 

individual norms or collective customs but also by the overal 

sate of society. The american psychologist A.Rappoport wrote in 

1964: 'I a formly convinced that our cultural climate, our 

inspirations and miths find defin t te reflection in the prevaling 

attitude towards the automobile and that this contribute in no 

small degree t o a basic accident r ate ." (in Suchman,Haddon and 

Klein) .Safety is a matter of cu ltura l value and one can suggest 

that each society gives specia l at t en t ion to some types ()f 

dangers. 

Ches na i s (1980) has meas ure d the rate of criminal vio lence for 

seve r a l wester n soc i e ti es (the a ver age r a t e f o r 

murders , r apes ,hold- ups an d mugg i ngs pe r 1000 .000 inhabita nts ): 



1 1 

USA 18,8 Sweden 2 , 8 

Finland 8 Italy 2,7 

Great-Britain 4,8 Japan 1,9 

West-Germany 4,4 Spain 1,4 

France 3 

According to these numbers we notice that the rate of violence in 

America is 4 times higher than ~n Great-Britain or West-Germany 

and 6 times higer than in France or Italy. 

In the other hand,Lamm,Choueiri & Kloechner(1985) have shown that 

"the fatality rate in the United States is still about 35% lower 

than that of Western Europe and this indicates clearly that it is 

still much safer to drive on US roads. " 

If we believe these data we have to agree that societies accept 

or are more tolerant than others of certain types of violence.It 

seems that in America , car drivers are more protected than other 

citizens .. . 

We can ask questions about the social mechanism which is at the 

origin of these differences .The theory of risk homeostasis 

(Wulde,1986) explains these kinds of contradictions.But if the 

state of society is the result of internal balance it is also the 

result of a historical process.Thus,safety cannot have the same 

status nor the same shape in France which has had a centralised 

administration for 4 centuries or in Germany or Switzerland which 

are federal states(Barjonet,Cauzard,L'Hoste,Perrin­

Jacquet , 1981) .In many cases safety objectives are reinforced by 

social pressure groups, the action of active minorities like 

ecological movements, district committees and users associations . 

The level of acceptable risk is perhaps a 

anthropological dimension but it also depends 

b a l a n c e 0 f so cia 1 for c e s (D 0 u g 1 as, 1 9 8 5) . I n 

cultural o r 

on a certai n 

France , the 

administration had to impose speed limit and legal alcoh ol rate 

on the car industry and t h e wine l obby .It is the admin istr ation 

which gave a great part of l egi t imacy of safety action and we 

know that without legitimacy action loses its 

efficiency (Ch i ch, 1988) .In our socie t ies,the level of accep t able 
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risk depends on the impact of the demand of social movements and 

on administrative action,even in its normative aspect. 

But there is, of course, a limi t to the use of will power and 

activis m.We have noticed t hat peop l e's awakening to traffic 

danger was limited by the presence of competitive 

dangers.Research has shown(Slovic , 1981) a relative position of 

traffic danger among other perceived dangers.The surveys that we 

have undertaken have given road accidents a middle place on a 

scale about perceived fears and threat.Within the social 

representation of risk, traffic danger appears as a "middle 

risk" (Barjonet,Cauzard,1987) . 

I have tried to show in this paper that the driving of a car was 

an integral part of constraining social and cultural systems .The 

study of these systems is, in our belief , an important field of 

road safety research in so for as we consider that safety measure 

not only consists on technical improvments of traffic network or 

on veh:..cle eng i neering. Safety measures are integrated into 

different social classes and differing cultural contexts .Knowing 

this context will help us to understand and perhaps to anticipate 

individual and group reactions to risk, accident and safety 

measures .Social sciences do not lack eitheir theories, concept or 

methodes to deal with these questions.I hope I have shown how 

they play their part in the research effort. 
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AMBIGUITIES IN THE DEFINITION AND IDENTIFICATION OF ACCIDENT BLACKSPOTS 

By 
Rune Elvik 
Institute of Transport Economics 
Box 6110 Etterstad 
N - 0602 OSLO 6, Norway 

ABSTRACT 

A successful policy of blackspot treatment must rely on an adequate 
blackspot concept. It is proposed that the only adequate concept consists 
of three defining criteria: (1) A blacks pot has a higher expected number 
of accidents than (2) Other similar places (3) Due to specifically local 
deficiences. Identification of blackspots is essentially a two stage 
process. First, a number of "statistical" blackspots are identified. 
Second, accident analyses are performed in order to point out local 
deficiencies which characterise the "true" blackspots, but are absent at 
the false ones. This process involves a number of ambiguities: (1) 
Identification of statistical blackspots must always rely on the recorde~d, 
rather than the expected, number of accidents. (2) For a specific site, 
the expected number of accidents is never known. (3) It is possible to 
estimate the number of "statistical" blackspots in a population, but not 
by means of statistical techniques alone, identify which of these 
"statistical" blackspots that are true and which ones that are false. (4) 
No sieve for identifying statistical blackspots works perfectly. All 
sieves will let through a number of false positives and leave undetected a 
number of correct positives. (5) The explanatory and predictive value of 
accident analyses conducted at each statistical blackspot is at present 
completely undetermined. If a large number of accidents has occurred, it 
is nearly always possible to point out some defect, no matter how trivial 
it may be, which may explain this. 

An experiment in accident analysis is proposed in order to enhance the 
explanatory and predictive value of such analyses. 
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AMBIGUITIES IN THE DEFINITION AND IDENTIFICATION OF ACCIDENT BLACKSPOTS 

By 
Rune Elvik 
Institute of Transport Economics 
Box 6110 Etterstad 
N - 0602 OSLO 6, Norway 

1. INTRODUCTION 

A successful policy of blackspot treatment is frequently thought of as one 
of the most efficient ways of reducing the number of accidents in road 
traffic. 

Recent research (Hauer & Persaud, 1983; Hauer, 1986) has shown that the 
benefits of blackspot treatment may be overestimated unless proper account 
is taken of random fluctuations in the number of accidents. The 
traditional concept of an accident blackspot, a site where more than the 
"normal" number of accidents has been recorded during a specific period, 
does not take account of the fact that the number of accidents will often 
be reduced even if no countermeasures are introduced, due to the 
regression-to-the-mean effect. 

In this paper, some proposed definitions of an accident blackspot are 
reviewed. The argument is made, that a theoretically satisfactory 
definition must take account of both systematic and random variation in 
accident risk. 

The argument leading to this conclusion may be outl~ned as follows: In 
deciding whether a road element (intersection, road section, curve, etc) 
is a blackspot, we must compare its expected number of accidents to the 
expected number of accidents at otherwise apparently" similar sites. To 
compare the recorded number of accidents would be inadequate, as this 
would not take account of the regression-to-the-mean effect. It would 
also be inappropriate to compare the expected number of accidents for two 
groups of sites which were different with respect to variables which might 
explain differences in the expected number of accidents. It is, for in­
stance, not unusual that intersections with 25,000 entering vehicles per 
day have a higher expected number of accidents than intersections with 650 
entering vehicles per day. Blackspot identification is aimed at 
establising deviancy, not merely identify normal variation in the expected 
number of accidents. 

Ideally, if all risk factors were known, we would obtain a perfect 
explanation of variation in the expected number of accidents. This would 
reduce all remaining variation in the number of accidents to random 
variation. In practice, however, it is impossible to obtain this. "The 
theory of blackspot identification therefore seems to rest On the 
assumption, that by means of statistical techniques one may identify and 
assess the separate contribut \ons of three sources of variation in 
accident numbers: general risk fac t ors , specifically local risk factors 
and random variation · The idea is that general risk factors explain 
variation in the normal expected number of accidents within a population 
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of sites, whereas specifically local risk factors explain why a specific 
site has experienced a worse safety record than the combined contributions 
of general risk factors and random variation would explain. 
It follows that a true blackspot is a site where the expected number of 
accidents is higher than what systematic (general risk factors) and random 
variation would explain. The argument that an adequate blackspot concept 
must take account of this is developed in more detail below. Section 2 of 
the paper contains a problem statement. In section 3 a set of necessary 
and sufficient criteria for true blackspots are proposed. In section 4, a 
number of definitioQs of accident black- spots are reviewed. Their 
adequacy for identifyinlg "true" blackspots is discussed. In section 5 the 
discussion is summarized and some of its implications are discussed. 

2. PROBLEM STATEMENT 

The general problem underlying the discussion in this paper is the 
following: 

Vhich are the defining criteria a true blackspot should fulfill in a 
successful policy of blackspot treatment? 

By a "successful policy of blackspot treatment' is meant: the systematic 
application of treatment to blackspots, leading to a reduction of the 
expected number of accidents at these blackspots and in the system to 
which the blackspots belong. 

There are three criteria of successful blackspot treatment · First, 
treatment should be applied exclusively at the blackspots. Sites not 
considered as blackspots should not be treated. 

Second, the expected number of accidents at the blackspots should be 
reduced. A reduction in the recorded number of accidents, should not count 
as a safety improvement, unless it reflects a corresponding reduction in 
the expected number of accidents. Due to random variation in the recorded 
number of accidents this will not always be the case. On the contrary, the 
bias by selection implied by the blackspot concept means that a number of 
sites where the recorded number of accidents is higher than the expected 
number wil l be identified as blackspots. At these s i tes, the recorded 
number of accidents will be reduced even if the expected number of 
accidents remains unchanged. 

Final ly, the third criterion of successful blackspot trea t men t is that the 
overal l accident rate should be reduced. Applying treatment to blackspot s 
should not lead to a corresponding increase i n the number of acciden t s 
elsewhere - l eaving the overall accident rate for the sys t em unchanged. 

To summarize, the three criteria of successful blackspo t trea tment are: 

1) A reduction in the expec t ed number of accident s , 
2) Por the ent ir e sys t em, 

3) Obtained by applying trea tmen t ~ a subse t of el emen ts In the sys t em, 
termed "acc 'ldent blackspots ". 
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3. ELEMENTS OF A BLACKSPOT CONCEPT REQUIRED FOR SUCCESSFU L BLACKSPOT 
TREATMENT 

Several definitions of blackspots have been put forward, by sc lentists as 
well as road aut horities. 
In this section, it is argued that a successfu l policy of blackspot 
treat ment as described in section 2, must rely on an adequate blackspot 
concept. It is argued that the following concept is the only adequate one: 

An accident blackspot (in this paper, the term applies to road elements) 
i s a r oad el emen t where due to specifically local causes, the expected 
number of accidents is higher than at otherwise similar road elements to 
whi ch i t is compared. 

The term "road e l ement" is intended to cover all classes of sites to which 
the blackspot concept is commonly applied, like road sections, 
intersect i ons, highway ramps, curves, bridges and so on. 

The key terms of the blackspot-definition are: 

1) Expected number of accidents 

2) Otherwise s imilar sites 

3) Specificall y local causes 

The expected number of accidents is the true, long term accident rate per 
unit of time (e . g. per year) of an element un de r conditions of unchanged 
exposure ( traff ic volume) and general risk factors. 

The need to es timate the expected number of accidents arises from random 
varia t ion in t he recorded number of accidents . Because of this, the 
recor ded number of accidents is not always a good predictor of the true, 
l ong t erm accident rate. More specifically, if an abnormally high number 
of accidents has been recorded at a site, we would expect a reduction in 
the r ecorded number of accidents in a subsequent period of unchanged 
exposure. This has been shown in a number of recent studies (see for 
ins tance BrUde & Larsson, 1982Aj Hauer & Persaud, 1983). 

In ascertaining deviancy, a road element should be compared to a set of 
s imilar road el ements. This "similarity" condition should apply to all 
known general risk factors which may explain variation in the expected 
number of acci dents. Comparisons of accident records should be made within 
a group of s ites where these factors are "kept constant", or at least do 
not vary signi f icantly. 

The reasons for this should be obvious. For instance , we do not want to 
iden tfy an element as a blackspot , simply because it has more traffic than 
another element . It is quit e normal th at sit es with heavy traffic have 
more acc i dent s t han si t es where th er e i s l ess traff i c . 

For a specific s i te, the expected number of accidents is never known. Vh a t 
i s known is the recorded num ber of accident s , and perhaps a number of 
fact or s i nf l uenc i ng the expected number of accidents like traffic vol ume , 
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road width, number of approaches (intersections), posted speed limit, etc. 
In addition to such factors, random variation will influence the recorded 
number of accidents. From knowledge of the recorded number of accidents 
ands factors influencing the expected number of accidents, "statistical" 
blackspots may be identified. These are sites where the expected number of 
accidents exceeds some critical value. 

Accident analyses of the "statistical" blackspots are designed to 
identifying specific, local accident causes, which for various reasons are 
not included among the general risk factors explaining the expected 
number of accidents. The task is to disentangle the contribution of these 
factors from the contribution of random variation for each site, thus 
pointing out a set of specific local circumstances which may explain why a 
high recorded number of accidents is not entirely due to chance or general 
risk factors. 

In the next section, several definitions of an accident blackspot are 
reviewed in light of the criteria discussed above. 

4. A REVIEY OF SOME DEFINITIONS OF AN ACCIDENT BLACKS POT AND THE 
ARGUMENTS UNDERLYING THEM 

The survey conducted in this section is not intended to be exhaustive. It 
covers only a few of the proposed definitions of an accident blackspot. 
The selection of definitions is inte~ded to highlight the problems in­
volved in empirically fulfilling the criteria of a theoretically 
satisfactory definition of the concept. 

4.1 An official definition 

Ye shall start with an official definition . 

In Norway, road authorities have adopted the following official definition 
of an accident blackspot (Statens Vegvesen, 1983): 

"An accident blackspot is any road section of length no more than 100 
metres, where during a period of four years, at least four personal 
injury accidents have been reported by the police ". 

This definition will cover any concentration of accidents within a 100 
metre space, irrespective of whether the concentration occurs in an 
intersection, road section, curve, bridge, or at other places. All these 
sets of different road elements are lumped together in the bl ackspot 
definition. 

This means that, at least for some road el ements, it may be di ff icult t o 
define a population of sites, of which the blackspots are a sam pl e. In 
fact, the blackspot definition will allow several such popul at i ons to be 
defined. 

Another deficiency of t he definiti on is that no account i s t aken of 
exposure or other general expl anatory variables. Clear ly , four accidents 
will not represent a deviation from the safety norm everywh er e. 
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Finally, no account is taken of random fluctuations. It is the recorded, 
rather than the expected, number of accidents which constitutes the 
blackspot criteri on. 

Taken together, these deficiencies greatly reduce the usefulness of t he 
blackspot concept. Road authorities are probably aware of this, but stick 
to the simple definition partly because it requires no sophisticated 
analysis of the accident data file. 

4.2 Common scientific formulations 

Thorson (1967) was one of the first scientists in Scandinavia to defin~ a 
blackspot in statistical terms. He proposed this definition (1967, p 83): 

"A blackspot is a road element where the number of accidents as related to 
a theoretical distribution for consecutive years is placed in the upper 
end of the distribution, for instance over the 80r. or 90% significance 
level". 

Variants of this definition have been endorsed by J~rgensen (1971) and 
Ahlquist (1970, 1973). Ahlquist proposes the following definition of a 
blackspot: 

"A road section where the difference between the recorded and expected 
number of accidents exceeds some critical value (1973, p 2)". 

These definitions make an abnormally high recorded number of accidents the 
criterion of a blackspot . 

This concept is not satisfactory. If the recorded number of accidents 
exceeds the expected number, this may be partly due to chance, and ve 
would expect a return to the expected value in a subsequent period. The 
concept takes no account of this. 

The concept is an improvement from the official concept presented i n 
section 4.1, in that an attempt is made to estimate the expected number of 
accidents. In particular J~rgensen (1971) dwells on this: 

"A ••• detailed analysis of the Black Spot concept shows that it is only 
meaningful if it is associated with local permanent circumstances. 
Furthermore, if a place is a Black Spot, it must produce accidents at a 
higher rate than other places of apparently similar quality (1971, pi)". 

"Comparisons are only carried out vi thin each category (of the variables 
explaining the average expected number of accidents within that category) . 
The reason is, that if - say - rural areas were compared to urban areas, 
then all urban areas would turn out as black since the accident density is 
higher in urban areas. This result woul d obviously be of little use in the 
search for Black spots (1971, pi) ". 

Ah l quis t , on the other hand, s t at es tha t (1973, p 2) "in det ermining the 
expected number of accident s a predicti on model i s appli ed". By a 
predicti on model i s meant a st atistical model r el ating the e xpected number 
of accidents t o a set of general ri sk fac t or s . 



- 7 -

A large number of such models have been developed. Some of them perform 
extremely well in predicting the average number of accidents per element 
for a group of road elements which have some important characteristics in 
common, like for instance ADT (traffic volume), number of lanes, width of 
pavement, curvature, etc. 

The following model is an example: 

Y = a IbIc 
p s 

Vhere: 

Y = the expected number of accidents per intersection per year 

Ip a 'average daily number of vehicles enteri~ from the primary road 

Is a average daily number of vehicles entering from the secondary road 

a,b,c = coefficients determined empirically by least squares regression 
on accident data 

b,c = powers to which Ip and Is are raised 

In fitting this model to accident data for three years for more than 
14,000 intersections in Sweden, BrUde & Larsson (1978) obtained an 
explained variance of 93%. The model was applied to three way 
intersections outside urban areas, with primary road speed limit of 70, 
90, 110 or 130 kms/hour. 

4.3 ConcePts taki-ng account of random fluctuation in the recorded number 
of ~cciden ts 

BrUde & Larsson (1982B) have utilized prediction models in developing a 
blackspot concept for intersections which tries to take account of random 
variation in the recorded number of accidents. 

Briefly stated, identification of a statistical blackspot by means of a 
prediction model is a stepwise procedure, consisting of these steps: 

1) Select a critical value for the recorded number of accidents 
warranting inspection of an intersection. 

2) Determine the expected number of accidents in each intersection by 
means of a suitable prediction model (several models have been developed, 
e.g. for three way and four way intersections, for different speed limits 
etc). 

3) Determine a critical value for the expected number of accidents, in 
order to take account of random variations. 

4), Compare the recorded number of accide nts to this cri tical value. If 
the recorded number of accidents does not exceed the critiCal value, it is 
concluded that the intersection is probably not a blackspot, since the 
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recorded number of acdden ts lies vi thin the limi ts of "normal" random 
variation. 

5) If the recorded number of accidents exceeds the critical value, 
estimate an adjusted, expected number of accidents in order to remove the 
effect's of chance variations. 

6) Conduct an accident analysis for intersections whose adjusted, 
expected number of accidents lies above the critical value in order to 
find deficiencies in design or regulation that might account for the high 
expected number of accidents. 

The procedure may be illustrated by an example: 

1) The critical recorded number of accidents is set at three accidents 
during five years. This corresponds to the official Swedish definition of 
an intersection which needs to be examined in order to determine if it is 
a b1ackspot. 

2) Intersection A 72 has recorded 5 accidents during the five-year 
period 1974-78. The expected number of accidents for an intersection with 
normal safety is estimated according to the prediction model: 

Accident rate = 0.18966 (I +1 )0.0957 
p s 

I ( ___ ~ __ )0.3052 

Ip +Is 

This model gives an expected accident rate per million entering vehicles 
of: 

0.2615 ~ 0.18966 (5719)°·0957(0.19)°·3052 

The expected number of accidents during five years is 2.72. 

3) The critical value for the expected number of accidents at the 97.5 
per cent level of confidence is: 

2.72 + 1.96~2.72 = 2.72 + 3.23 = 5 .95 = 6 accidents 

4) The recorded number of accidents is 5 . The critical value is 6. The 
recorded number of accidents is not exceptionally high. The same 
conclusion applies to the accident rate. 

5) The recorded number of accidents lies above the expected number of 
accidents for an intersection With normal safety, but below the critical 
value. It is therefore concluded that this intersection probably has a 
somewhat poorer safety than the norm. The run of accident counts from 
1974 to 1978 is: 

1974 
o 

1975 
o 

1976 
o 

1977 
2 

1978 
3 
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The expected number of accidents can be estimated by "dele ting" one half 
of the worst year: 

0+0+0+2 
[(0+0+0+2+3) + ------- x 5 J/2 = 

4 2 
= 3 .75 acc idents 

6) The accident analysis consists in studying the distribution of the 
recorded accidents by several variables and comparing this distribution to 
the typical distribution in intersections. In this analysis, the 
followin1g variables were included: 

Honth 

Veekday 

Hour of the day 
Light conditions (darkness, dusk, daylight) 
Road surface conditions (dry, wet, slippery) 
Injury severity (killed, severely injured, slightly injured) 

Accident type (right-angle, left-turn, right-turn, head-on, rear-end, 
etc) 

The analysis showed that three of the five accidents occured on a 
slippery, partly ice-covered surface. This )s atypical for accidents i n 
inter sections. Closer scrutiny revealed that vehicles from the minor 
approach often had difficulties stopping in time. This was attributed ~ a 
speed limit of 90 kms/hour on the minor approach, combined with a very 
long descending gradient. It was recommended that the speed limit be 
lowered to 70 kms/hour, and resurfacing with coarse pavement be 
undertaken on the minor approach. 

This case study shows that deficiencies can be pointed ou t even i n an 
intersection no t considered to be a sta t is t ical blackspot. In conclus i on , 
BrUde & Larsson sta te that "one might hope that the accident anal ysis 
together wi t h on-s i te inspect i on should enable us t o decide whether the 
high recorded number of accident s i s due to chance or to def i ciencies in 
design or traff ic cont rol. I n prac ti ce thi s may not be possibl e. It i s 
nearly al ways poss i ble to po int ou t some deficiency -in particular th i s is 
so when we know tha t a large numbe r of acciden ts has occurred". 

Ve are thus of t en l imited to propos ing our hypo theses after f i rst looking 
at t he da t a thereby depr i ving ourse l ves t he opport un i ty of real tests of 
these hypotheses . 

In determining t he cr i tical value for t he expec t ed numbe l- of acc i dent s 
(s tep 3 of the stepwise procedure ), BrUde & Larsson emp l oy a f ormula which 
implies that the number of acc i dents i s Po i sson-dist ri but ed. This as­
sumption may underest ima t e the t rue variance of the probability 
distribution. The recorded numbe r of acc idents i s influenced by a numbe r 
of temporary and hi ghly f lUctua ting fac t or s l ike a sudden snowstorm or 
short-term variations in t raf f ic volume. This will cause the parameterA 
in the Poisson-distr ibut i on t o fluctua te . These factors are not included 



- 10 -

among t he predictor variables in the models for predicting the expected 
number of accidents i n intersections with normal safety. The temporary 
fact ors viII not influence the number of blackspots, as these are rel a t ed 
to more permanent fac tors, which affect the long term accident rate. The 
tempora ry factor s vi II appear as unexplained variance in the prediction 
models · 

The test for statistical deviancy employed by BrUde & Larsson is therefore 
not strictly correct from a theoretical viewpoint . It will tend to 
underestimate the true standard deviation. 

Another weakness of their concept is that the method of estimating the 
adjusted expected number of accidents lacks a theoretical foundation. 

BrUde & Larsson have subsequently (1987) rejected this method in favor of 
a modified version of the method proposed by Hauer (1986). A description 
of the modified method for estimating the conditional, expected number of 
accidents is found in VTI-meddelande no 511 (BrUde & Larsson, 1987) as 
well as in an article soon to appear in the journal Accident Analysis & 
Prevention. 

The modified method combines the advantages of using prediction models to 
determine the normal number of accidents with the theoretical appeal of 
Hauer's Empirical Bayes method for estimating the expected number of 
accidents. 

4.4 A method for estimating the number of true and false blackspots among 
the statistical blacks Pots 

Hauer & Persa Ud ( 1984) have developed a technique which pel-mi ts the number 
of false and correct statistical blackspots in a population of sites to be 
estimated. Such an estimation can be used in assessing the performance of 
different statistical blackspot criteria. 

Hauer & Persaud assume that accident occurence at each site obeys the 
Poisson probability lav. Each site has its own, unknown expected number of 
accidents,~. This number varies from site to site. If the distribution of 
~s between the sites forms a gamma-function, then the distribution of the 
recorded number of accidents in the population of sites is given by the 
negative binomial probability law. 

Hauer & Persaud describe a technique for identifying the number of s ites 
for which,\ is larger than some cri tical value A 'r. This is done by 
selecting for inspection sites for which x is equal to o ~ greater than 
some limiting value x*. 

For a detailed, technical description, see Haue r & Persaud , 1984 . In thi s 
paper, the technique will be illustrated by an example whi ch perhaps will 
highlight the strengths and weaknesses of the technique. 

The example draws on da ta for 885 l -kilomete r r oad sec tions in Aus t-Agde r 
county in Norway . All personal i nj ury accident s reported by the police a r e 
incl uded in the data set (inc l udi ng accidents a t inte rsec tions ). The da t a 
cover the four -year periods 1977-80 and 1981-84 . 
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Table 1 shows the distribution of the 885 sections by recorded number of 
accidents during the period 1977-80 and the distribution expected by a 
negative binomial distribution. 

Table 1. Comparison of observed distribution of 885 l-kilometer road 
sections by number of accidents with a negative binomial 
distribution. Persona l injury accidents reported by the police 
1977-80. 

Number of 
accidents 

o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

Observed number 
of sections 

590 
158 
61 
34 
11 
12 
6 
5 
1 
2 
1 
2 
1 
1 

Parameter values: x
2 

= 0.7231 
s = 2,3312 
a = 0.4497 
b = 0.3252 

Expected by negative 
binomial distribution 

605 
U6 
62 
33 
19 
11 
7 
4 
3 
2 
1 
1 

x2 = 7.94 
df = 5 
p = 0 .22 

The assumption of a negative binomial distribution is well suppor ted. The 
difference between the actual distribution and that expected by the 
negative bin~Ddal assumption is not significant at the 20% leve l of con­
fidence. 

Vith x* as the selection criterion and~k as the criterion of deviancy , we 
may now define three measures describing the performance of this selection 
criterion in identifying the statistical blackspots: 

1) The number of false positives. 

This is the number of sites with recorded number of acc ~en ts x* or more 
for which the expected number of accidents is below the cri tical valueA*. 

2) The number of correct positives . 

This is the number of s ites with x* or more recorded accidents where the 
expected number of accidents i s equal to or above the critical value~~. 
3) The number of false negatives . 
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This is the number of sites wit h an expected number of accidents equal to 
or above the critical valueX* not ident ified by selec ting for inspection 
sites with a recorded number of accident s x* or more. 

Methods for calculating these numbers are give n by Hauer & Persaud (1984). 

For the 885 road sections presented in table 1, the mean number of 
accidents is 0.7231. Let sections with an expected number of accidents of 
twice this value, i.e. at least 1.4462 accidents be the statistical 
blackspots. Table 2 gives the number of false positives, correct positives 
and false negatives for the 885 1-kilometer sections using this criterion. 

The set of road sections will contain altogether 161 statistical 
blackspots. If, in order to identify these sections, it is decided to 
inspect sections where two or more accidents have been recorded, 137 
sections will have to be examined . 38 of these will have an expected 
number of accidents below the critical value. These are the false 
positives . 99 of the 137 sections will be correct positives. Thus 62 of 
the 161 correct positives, those found among sections which recorded 1 
accident, wil l go undetected. These are the false negatives. 

If it is decided to inspect sections with three or more accidents, a 
smaller number of false positives will be included. But then 94 of the 
correct positives will go undetected. 

By setting the critical value at 5 or more accidents, we would altoget he t 

avoid examining false positives. But the price of this would be that at 
least 130 of the correct positives went undetected. 

Ve are thus facing a difficult trade-off. By setting the "trigger" 
recorded number of accidents markedly above the critical value for the 
expected number of accidents, we will reduce the number of sites that need 
to be inspected, as well as the probability of including a large number of 
false positives in the sample. But a large number of the correct positives 
will then go undetected. From table 2 it can be seen that at no recorded 
number of accidents is a perfect identification of all the correct 
positives, but none of the false ones, possible. 

Setting the critical value for inspection at five recorded accidents and 
the critical value for a correct positive at an expected number of 
accidents of 1.4462 is clearly not a very strict blackspot criterion. As 
table 2 indicates, less than 4% of the sections where five accidents were 
recorded will have an expected number of accidents below 1.4462. Of the 
remaining 96%, many will have an expected number of accidents far higher 
than 1.4462. 

Furthermore, the criterion will not identify the number of sections that 
have a higher expected number of accidents than other, similar sections. 
It will only identify the number of sections that have an expected number 
of accident s above the critical value. 

A thi rd defici ency is th at th e method takes no account of traffi c volumes 
or other variabl es that mi gh t expl ain vari at ion in the expected number of 
a ccidents . I t d oes theref or e not necessarily identify sections where t he 
risk of accident is hi gher than at other sections. 
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Table 3 shows that traffic volume (ADT) for the sections examined in table 
3. 

Table 3. The relation between traffic volumes and accident risk for 885 
1-kilometer sections in Aust-Agder. 

Number of Number Traffic Total Accident 
accidents of volume number of ra t e per 
per sec- sections (ADT) accidents mi ll ion 
tion 1981-84 vehi cl e 
1977-80 Average kms 

1981-84 (1981-84) 

0 590 952 209 0 . 26 
1 158 1859 20 0 . 28 
2 61 3054 97 0. 36 
3 34 4410 64 0.29 
4 11 5134 27 0 . 33 
5 12 5283 47 0. 51 
6 6 7013 25 0 . 41 
7 5 8165 29 0 . 49 
8 1 7916 5 0 .43 
9 2 7560 15 0 . 68 
0 5 9431 34 0. 49 

It is seen that traffic volumes increase in proportion to the recorded 
number of accidents. There is, however, no corresponding increase in the 
accident rate per million vehicle kilometers. Sections which during 
1977-80 recorded 10 or more accidents have 10 times the traffic volume of 
sections which recorded 0 accidents. The accident rate, however, is only 
twice as high. 

Hauer& Persaud recognize this weakness of their method. They state: "The 
screening process used in practice is more complex than what has been 
analyzed. In particular, the accident rate (accidents per vehicle kilome­
ter), which is the most important selection criterion , is not used here. 
Thus the theory and computational process need to be extended so as to be 
applicable to the realistic blackspot identification procedures. This 
extension appears to be straightforward. The corresponding research work 
is under way". 

5. CONCLUSIONS 

A successful policy of blackspo t t r eatment i s a policy which r esults in: 

1) A reduction in t he expected number of accidents a t t he blacks pot s . 

2) Vi t hout "migr a t ion" or transfer of accidents t o other places . 

3) By means of trea ting a selec ti on of s ites where t he ri s k of acc ident, 
due t o permanent l ocal ci rcumstances is higher than at other appa rently 
s imilar sites. 
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A policy of blackspot treatment cannot be successful unless it is based on 
an adequate blackspot concept. It was argued that an adequate definition 
of an accident blackspot must include the following criteria: 

1) A blackspot has a higher expected number of accidents than 

2) Other sites with similar traffic volume, design and traffic control, 
due to 

3) Specific, permanent local properties. 

Unless a blackspot has a higher expected number of accidents than other 
similar places, there is no point in selecting it for treatment. In a 
population of sites, all of which have an identical expected number of 
accidents, selection for treatment can be done by the toss of a coin. 

In comparing the expected number of accidents at different sites, 
statistical control must be exercised over at least the most important 
factors that explain variations in normal safety. For instance, it is 
normal for four way intersections to have more accidents than three way 
intersections of similar design, control and exposure. 

Identification of blackspots can be thought of as a stepwise process. The 
first step consists in identifying a number of statistical blackspots. 
Such identification is normally done by selecting for inspection sites 
where the recorded number of accidents exceeds a critical value. The 
second step in blackspot identification consists in performing accident 
analyses for the each of the statistical blackspots. The purpose of these 
analyses is to point out deficiences in design or traffic control at the 
statistical blackspots in order to explain why the risk of accidents is 
abnormally high and invent possible treatments. 

This stepw~se procedure introduces several ambiguities. 

1) There are no seneral rules for setting the critical value for 
recorded number of accidents. This value is therefore arbitrarily chosen. 

2) I n i denti fy ing s tatistical blackspots, random fluctuation in acciden t 
counts must be taken i nto account. This requires estimation of the 
expected number of acci dents. Such estimation can be done in a number of 
different ways, not always giving identica l results. 

3) In estima t ing the expected number of accidents so called "accident 
prediction models" may be used. It is essential to remember that these 
model s can only predic t the expected number of accidents for an 
entity with normal safe ty. 

4) In identifying s tat istical blackspots , it is impossible to estimate 
the true expected number of accidents for each s ite where the recorded 
number of accidents exceeds the critical va lue . The bes t that can be 
achieved is (a) an est imate (by means of predi c tion models ) of the 
expected number of accidents for each s i te provided it has normal safety, 
(b) an estimate of the number of sites where the expected number of 
accidents is likely t o exceed some cr i t i ca l val ue . 
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5) No sieve for identifyi ng statistical blackspots will be perfect . As 
Hauer & Persaud have demonstrated, any sieve is likely to let through a 
number of false posi tives. Host sieves will leave some of the cor rect 
positives undetected. The onl y way of avoidi ng this is by examin ing the 
entire population - which is precisely what we want to avoid by exami 
ning only the potential blackspots. 

6) By means of accident analysis, it is hoped that the tnle blackspots in 
the sample of statistical blackspots will be correctly identified, and 
the false ones sorted out. However, no great confidence can be placed in 
the ability of current methods of analysis in achieving this. It is 
nearly always possible to point out some deficiency at any site -
however trifling it may be. In particular this is the case when the 
number of accidents is known. Surely, it is very hard to resist the idea 
that a high number of accidents must be caused by some site- specific 
deficiency. 

To summarize: no current method can achieve a perfect identification of 
true blackspots. Any criterion of a statistical blackspot will let through 
some false positives, and leave behind some correct positives. Any method 
of accident analysis will leave somewhat undetermined the status of eac h 
statistical blackspot - whether it is a true or false blackspot . 

By means of experimental studies, some of these ambiguities could be 
reduced, if not entirely removed. In particular, an experiment in accident 
analysis might enhance the credibility of methods for discriminating 
between true and false blackspots. 

Such an experiment might be designed as follows: A group of statistical 
blackspots is subjected to accident analysis. The anal yses should be 
performed by a group of trained accident analysts. During the experiment, 
this group could be devided into three subgroups: 

Subgroup 1: This group is given the task of pointing out defici en cies at a 
number of sites, without knowing the type or numb er of accidents which had 
occurred at these sites. Also , this group shou ld t ry to predict ~ich 
types of accident the deficiencies they had foun d m~ght produce. Th is 
grOUP should have full access to information concern ing the sites. 

Subgroup 2: This group of analysts should conduct an ordinary acc~den t 
analysis, with full knowledge of the number of acc~dents, and ful l access 
to information concerning properties of the sit es . 

Subgroup 3: This group should have access to full in forma t ion on 
accidents, but only general information concernin g t he sites . Th eir t ask 
would be to predict in detail which propenies a si te producing th e gi ven 
pattern of accidents might have. 

Subgroup 1 is "blinded " f r om accid en t information. Subgroup 3 is 'blind ed " 
from information concerning the sit es . Sub group 2 should ha ve full 
information. 
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During the experiment each analyst should have at least one run in each 
subgroup (though each time with a different set of sites). This way, the 
influence of personal factors might be reduced. 

Agreement in the description of deficiences between the three groups would 
imply that properly conducted accident analyses mig ht have an explanatory 
and predictive value (predictive in the sense of correctly classifying 
sites as true or false). 

Vhether the analyses did in fact have this predictive value, could only be 
tested by subsequent accident experience. Ideally, part of the experiment 
would be to let the analysed blackspots remain untreated, in order to see 
whether the blackspots at which agreed deficiencies had been pointed out 
recorded more accidents than blackspots where the analysts were unable to 
agree on a common description of deficiencies. 
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ANALYSIS OF ACCIDENT DATAl TWO EXPERT SYSTEM APPROACHES 

Margaret Theobald and BenJamin Heydecker 

1. INTRODUCTION 

Accident researchers and safety engineers use historical 

accident records in a number of different ways. F1rstly, ~hese 

data are used to identify sites for investigation w1th a view to 

implementing remedial measures. Secondly. they are used to iden­

tify and investigate the kinds of accident that have occurred 

frequently at any particular type of site. Thirdly, they are used 

on a site-specific basis to suggest appropriate remedial mea-

sures. 

The advent of expert systems has provided new tools which 

offer the prospect of assisting in these analyses. These new 

tools offer the potential to extract information automatically 

from accident records, thus relieving the safety engineer or 

researcher from many of the repetitious and mundane tasks t hat 

this involves. This relief will allow a more effective allocation 

to be made of time and other resources in accident investigation 

and prevention work. 

In this paper we discuss two approaches to the analys1s at 

road accident data which use techniques of expert systems . The 

fi rst technique is that of inductive inference. This techn iqu e 

t akes a set of examples and from them 1nduces a gene r al rule that 

relates the recorded outcomes to the observed attributes and 

relationships between them. In part1cular, when appl 1ed to aCC1 -

d e n t records it should generate rules that descr ibe t he featur es 

which best distinguish between different kinds of a c c i dents. 

The second technique is that of deductive in fer ence. The a 1m 

of t his i s to identify the most app rop riat e re medi a l measur es 

f r o m a range which are available and i n common u se . Thi s requires 

a specification for each of the remedial measures and i n part1c u­

lar, t y pical characteristics of acc1den ts that are mad e less pr-o­

bable by each of them. An heuristic de c i s i on tree is constructed 

from these specifications and is applied i n turn to eac h s1te 10 

the area under consideration. Th1s will t h en sugges t a r an": ed 

list of remedial measures for each s i te for the furth er consl.-
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deration of the investigating eng~neer. This techn1que is su~­

table for the identification of sites for inclusion i n 'mass 

action' programmes. 

The two techniques are therefore complementary. The first 

takes the accident data base and searches for relationships 

within it which can then be used to suggest appropriate remedial 

measures. On the other hand, the second technique takes ~·.nowln 

relationships between available remedial measures and accident 

characteristics, and uses these together with historical accident 

records to suggest suitable remedial measures. 

2. THE I Ni)UCT IVE APPROACH 

In accident investigation and prevention work, there are a 

number of tasks that are suitable for the application of rule 

induction techniques. These techniques could be used to identify 

the special characteristics that distinguish between accidents 

occurring at, for example, a particular type of site, or to a 

particular road user group. This information could be used by a 

safety engineer to identify groups of accidents that might be 

susceptible to remedial treatment. This technique could also be 

used to monitor sites that have been treated with a particular 

engineering remedy. It would highl~ght any changes that might 

have occurred to the accident patterns at these sites as a result 

of their treatment. This would help the engineer to assess the 

effect of the remedia.l action, not only on the type of accident 

which was targeted for treatment, but also to give some indica­

tion of any other changes in the ~inds of accidents that have 

occurred at the site since treatment took place. 

In applying these techniques, a choice of induction tools 

has to be made. I n our expe rime nts, we used two software pac ~­

ages, each of which has a different o bjective. The objective of 

the first package , Beagle (Forsyt h and R~da, 1986) , is to ind uce 

a simple rule wi t h a gOOd , but inexact, fit to the observat10ns . 

To this end, t he package uses an heL!rist_~c search strategy whi Ch 

is modelled upon e vo lutionary principles. Rules are generated 

either at random or by the user and are then tested for their 

suc~ess at classifying data. A r~le that is good at this w1 11 be 

retained whilst less s uccessful Ones are d1scarded. The retain e d 

rules are then used as t he basis f or the ne~t gene ration. They 



are manipulated by 'genetic' operators in an attempt to improve 

their success in classifying the data. Eventually, stable, 

successful rules will evolve. 

On the other hand, the second package, SD-RULES (Systems 

Designers, 1987) has a different objective and therefore a diffe­

rent induction strategy. The objective of this package 1S to 1n­

duce rules that fit the input data exactly. This package employs 

the CLS algorithm (Hunt, Marin and Stone, 1966) which succes­

sively selects the rema1ning attribute within the data that best 

discriminates between the observed outcomes, unt11 every example 

in the data has been classified correctly by the induced rule. 

In order to be able to use the rules induced by either of 

these methods with confidence on data other than the learning 

set, it is necessary to test the rules using a control data set. 

The rules induced are likely to be successful at discriminating 

between the examples in the learning data set, but their genera­

lity can only be evaluated by applying them to an unseen test set 

of data similar in form to those in the learning set. In accor­

dance with this principle, each data set used in the induct10n 

experiments was divided at random into two 

a test set. 

a learning set and 

In these experiments, the objectives were to assess the use­

fulness of the induction techniques and to investigate whether 

effective and useful rules for distinguishing between junct10n 

control types could be established. The accident records used had 

46 variables taken from police data (Department of Transport, 

1978). When using Beagle, the number of examples used was re­

stricted by the size of the machine to about one hundred. How­

ever, with this package relatively few variables appear in each 

rule, so the ratio of ex~mples to variables is greater than would 

appear at first sight. There are no such constraints on SO-RULES 

and it was possible to use all the available data. 

These experiments resulted in the generation of lengthY 

rules corresponding to bushy decision trees. With each pac"·.age, 

the rules classified the examples 1n the learning data succ ess­

fully. However, they did not classify examples in the test data 

with any great success: this indicates a good fit of the rules to 

the learning data but a lack of explanatory power. Beagle aims to 

generate a logical expression that will cla5sify the data and 

because of this, spurious relationships can be incorporated 1n 



the induced rules. Thus for example, in single vehicle accidents, 

no valid data will be available for the second or subsequent 

vehicles, but the resulting blank or default values could st~ll 

be used withi n a rule. 

The outcome of this early work has been inconclusive. The 

results obtained so far are lacking in generality and thus are 

not reliable indicators of operational difficulties at the junc-

tions. However, the classification scheme used junction con-

trol is somewhat arbitrary. This variable was chosen as the 

classifier on the basis that the strategies and skills required 

for negotiating junctions operating under each kind of control 

were thought to be different. The induction technique could 

equally be applied to data classified according to any other 

highway element or road user group: the results should indicate 

particular features of each class of accident and differences 

between them. 

Further experiments are underway using cluster analys~s 

(~ndallv 1975) to identify other classification schemes. Induc­

tion will then be used to identify important differences and 

relationships between clusters. This is expected to provide a 

method of directing the induction process towards well supported 

relationships without biasing the outcome towards any preconcei­

ved ideas as to the nature of accidents. 

3. THE DEDUCTIVE APPROACH 

In this approach, physical site characteristics and records 

of accidents occurring there are used with predetermined rules to 

deduce which of a range of remedial measures appears to be appro­

priate for that site. This deduction is based upon previous expe­

rience in this case a preliminary system was based upon t he 

experience of Strathclyde Regional Council (Robertson, 1986) . 

This process works by accumulatin g evidence both fo r a nd 

against the hypotheses that each o f a range of treatme n ts 1 S 

appropriate. A system of Bayesian infer e ncing is used t o est1mate 

the likelihood that each measure is a p propr iate us~ng eviden ce 

available from the accident records. This process assumes that 

each treatment that is available can be described in terms o f 

typical accidents which it makes less probab le. In this system , 

knowledge of the relationships between the treatments and t he 



site and accident characteristics 1S represented by Bayesian 

rules of inference. Although this explicit knowledge is difficult 

to obtain, the technique has been found to work well for esta­

blished remedial measures. Thus it is suitable for identifY1nQ 

sites to be included in a mass action scheme in which the same 

treatment is applied to a number of sites. 

The system ta~s the number of accidents recorded in parti­

cular circumstances at a site and performs a statistical test 

using control ratios derived from the population of similar sites 

within the same country. This is used to calculate the li~el1hood 

that the characteristics of accidents occurring at this site dif­

fer from the norm. This likelihood is then used to update the 

likelihoods that each of the remedial measures under considera­

tion is appropriate for that site. 

4. S ut1I"1MY 

Two expert systems approaches are described here which are 

complementary to each other. The first one, which uses inductive 

inference, searches for relationships and recurrent characteris­

tics within historical accident data~ It is hoped that in the 

future rules thus induced will give an insight to the mechanisms 

involved in the occurrence of accidents. 

The second approach, which uses deductive inference, seeks 

to establish which of a range of remedial measures is appropriate 

for use at a site. The deductive process is based upon empiri­

cally derived relationships between each of the remedial mea­

sures, and site and accident characteristics. This results in the 

suggestion of suitable remedial measures for each site or of sets 

of sites which are suitable for inclusion in a mass action plan. 

These tools provide safety engineers w1th a powerful means 

of extracting information from historical accident records. The 

inductive method offers a means of identifying previously und1s­

covered relationships while the deductive method offers the means 

of embodying past experience and expe r tise with1n a computer pro­

gram. These techniques can relieve the qualified eng1neer from 

some of the routine tasks that requi re expertise but little inno­

vation and thus allow more time to be spent on complex, intuitive 

tasks. 
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THE APPLtCA nlN OF COST DATA IN TRAFFIC SAFETY 

D.C. ADdreasseD 

Traffic accidents result in damage and a variety of casualty classes to the persons 

involved and all of these classes have to be accounted for when costing an accident. This 

aspect has been ignored in major valuation studies. Accidents vary in severity. the number 

of persons involved and the number of vehicles involved according to the 'accident-type'. 

The effects of traffic safety measures vary with respect to frequency and severity 

according to accident type. a fact long known to Traffic Engineers through the use of the 

Collision Diagram in before and after studies. 

This paper demonstrates the correct structuring of data to derive the costs of 

accidents for various severity levels and/or accident types. The typical casualty outcomes 

of a number of accident types are explored and the types producing the most severe 

results per accident are identified as are the types that produce the greatest contribution 

to the annual cost of accidents. This illustrates the range of costs by accident types and 

how the use of overall average accident cost is of no value in evaluation of 

countermeasures. The paper further demonstrates the stability of the casualty outcomes 

of particular accident types across an eight ·year period and how these can be used as • 
reference distributions for the application of unit costs. making it relatively simple to 

update accident costs. 

B 26758 



The fact that traffic accidents result in death, injury, and da mage and are regarded 

as a general loss to the community is widely accepte d There is a small counter effect in 

that a reduction in accidents means a loss in business to tow truck operators, crash 

repairers, medicoes, etc., however that is usually not considered in valuation and will not 

be discussed in this report. 

The reason for having an estimate of accident costs may seem obvious but it is 

seldom expressed explicitly. Costs are sometimes used for general statements such as 

'accidents in Australia are worth more than $6000 million per year', or • accidents are 

three per cent of GDP'. For such uses, 'ball-park' figures are sufficient as long as they 

are of the right magnitude and not wrong by, say. a factor of two. Costs are also required 

for assessing the value of duplicating a highway, installing traffic signals, enforcing 

specific traffic laws. putting reflective plates on trucks, various safety countermeasures . 

etc. When these are to be considered a very specific cost is required to determine the 

benefit. 

Safety countermeasures can be placed into two categories, those that seek to 

reduce accident frequency and those that seek to alter the injury consequences to the 

persons involved. Some measures might e'l!ist that seek to do both. 

For benefit/cost studies involving safety measures, the basis of the analysis must be 

sensitiv e to the variables that will significantly change accident costs. To illustrate this 

consider the seat belt. Use of seat belts does n:>t reduce accident frequency, rather it 

alters th~· distribution of injury outco mes of the occupants involved in an a ccident, i.e. it 

reduces the degree of the injury sustained by the individual . For an evaluation, the cost of 

a 'fatal accident' or an 'injury accident' would be inappropriate; what must be used is the 

cost of a 'death· or the cost of an 'injury'. The proportional reduc tion in each injury class 

would be multiplied by the cost of each c lass to obtain an average cost reduction. 

So before the cost-effectiveness of a countermeasure can be calculated the fa ctors 

that need to be considered include: 

(a) an understanding of the likely effects of the countermeasure; that is, frequency 

reduction, injury reduction. what 'accident types' wi ll be affected and to what 

extent and the reliability of the estimates. 

(b ) knowing the typical costs for each casualty class and ' accident type·. The latter 

are determined by the porportions of persons of varying casualty class in the 

relevant accident type. and the average number of vehicles and the ir damage leve l 



for that accident type. 

Countermeasures vary in their effect on specific accident types, a fact long known 

to Traffic Engineers through the use of the Collision Diagram in before and after studies. 

Accident types, in tum, vary in their proportions of casualty classes; that is, some types 

result in more severe casualW classes to the persons involved than do other types (e.g. a 

head-on accident compared with a parking manoeuvre accident). 

Thus if accident costs are to be used in benefit/cost assessments the costs 

associated with the change in accident frequency or casualty classes within accident types 

has to be weighed against the cost of the countermeasure. 

2. CASUALTY <1ASS AND ACC'mENT SEVERITY LEVEL 

One of the continuing confusions in the literature is between "accidents' and the 

"persons' involved in them. When discussing safety there needs to be clarity between 

'accidents' and "casualties'. To distinguish the two, • casualty class' is used here to refer 

to a " perspn, while 'severity level' is used to refer to an accident. Accident severity is .. 
classified by the most severe casualty class sustained by one of the persons involved. The 

• severity' is of limited information content, it says nothing about the number and severity 

of injur3 of the others involved in the accident nor the number of vehicles involved. A bus 

acCident in which one person was killed and 30 admitted to hospital would be classified by 

severity as a fatal accident. A pedestrian accident where one person is killed and no one 

else injured is also classified as fata l accident severity. There is nothing in the "severity' 

definition to accentuate the difference between these two accidents. 

The solution to this problem lies in not only making use of specific accident types 

but in also using the average n1umber of persons of each casualty class for each accident 

type. And this, as it happens . is the structure needed for the correct application of unit 

costs. 

3. A FRAMEWORK 

Depending on the amount of information available in the accident reporting system 

the casualty class of each person involved should be determined for each accident. The 

number of persons killed, injured and not injured, would be the most basic type of break­

up. Usually the distribution of costs is highly skewed so it is very desireable to subdivide 

the 'injured' category in a manner related to cost. Injuries with high medical costs, long 

hospital stays, etc. should be distinguished from minor injuries. The number of days in 



hospital and/or the in jur,y compensation paid are possible ways of subdividing the casualty 

classes. To illustrate the teChnique the fo llowing subdivisions. for which the data was 

available in the 'reportecf acCidents in Victoria, Australia, are used: 

(i) death, 

(iD admission to hospital, 

(iii) injured - required treatment by a doctor, 

(iv) injured - did not require treatment by doctor, and 

(v) not injured. 

It is then possible to cross classify' accident severity' by • casualty class' of persons 

involved, using these five levels, highlighting the mistake made by a number of other 

researchers in ignoring the other persons involved in accidents of a stated severity level 

(see Table D. 

T ABLEI 

REPORTED AC ClIENTS, WHOLE OF VICTORIA. 1981 

Accident Casualty class 
Severity (persons/acc) Total Acc. Vehs Veh/Acc 
Level 1 2 3 4 5 (pers/acc) 

1. Fatal 1 J.3 050 0.2 7 0.07 0.88 2.86 677 996 L47 

2. Hospital 1.23 0.21 0.09 1.04 2.57 6,450 10,319 1.60 

3. Med. Treat. 1.27 0.09 1.33 2.69 8,490 15 ,090 1.78 

4. No Medical L23 1.52 2.75 1,872 3,400 1.82 

5. No Injury 2 J.4 2.14 10,060 18,011 1.79 

All levels 0.03 0.30 0 .45 0 .13 1.56 2.47 27.549 47.816 1.74 

Persons 766 8,305 12,374 3 ,693 42,983 68 J.2 1 

N ate: In Victoria accidents are required to be reported when someone is injured or if it 

is an event where the owner of the property damaged was not present. Thus the 

10,060 level 5 accidents are those, in theory, involving an alleged breach of traffic 

regulations or where the owner of the damaged property was absent at the time of 

the aCCident. 

The number of persons injured per accident varies with the severity level and the 

number of vehicles involved per accident also varies with accident severity. Hence the 



use of average factors for all severity levels can produce gross errors. For e xample, 

NHTSA (1983) used an average factor of 1.7 vehicles per accident for all severity levels 

(exc.~ept fatal, 1.02) and 2.21 injured persons per accident (except fatal, 1.13). Atkins 

(1981) likewise used an average factor for all severity levels of 1.56 vehicles per accident 

(except damage-only 1.90) and approximately 1.44 injured persons per accident (except 

fatal, 1.13). 

The overall average number of vehicles pe r reported accident of 1.74, or 1.7 per 

level (1-4) accident is comparable with the USA figure of 1.746 <Smith et a1. 1981) or 1.70 

(NHTSA 1983) but the variation of the figure for each severity level should be noted. If it 

is assumed that damage costs increase with accident severity (as in the NHTSA Report), 

then the damage costs will be over-estimated for the severe accidents and under­

estimated for the lesser injury accidents. 

From a table such as Table I, the total cost of accidents in an area can be readily 

determined by applying the 'unit costs' associated with each casualty class and the 

average cost of repair to vehicle damage. Namely; the number of persons killed x the 

unit cost of a death, plus the number of persons admitted to hospital x the unit cost of 

hospital ·adJllission and so on, plus the number of vehicles involved x the average repair 

cost. 

Further, Table I, permits the determination of the cost of accidents of each of the 

specifi~ st!Verity levels, and the cost of an average accident of each severity level. For 

example, the cost of an • average' fatal accident is made up of: 

1.13 x the unit cost ef death 

0.50 x the unit cost of a person admitted to hospital 

0.27 x the unit cost of an injured person of casualty class 3 

0.07 x the unit cost for an injured person of casualty class 4 

1.47 x the unit cost of damage to vehicles in fatal accidents. 

This method takes all the casualties within accidents into account, not just the 

number of the highest casualty class in a level. To get the correct result, it is necessary 

to structure the data in the form of Table I, rather than taking, say, published data of the 

number of accidents of various severity levels and number of persons of various casua lty 

classes. To illustrate the difference, the margin totals from Table I a re used for levels 1 

to 4: 



Accident 
Severity 

Level 1 

Level 2 

Level 3 

Level 4 

Average (1-4> 

Casualties I Acc. 

Incorrect Correct 

13.3 1097 

1.29 1.53 

1.46 1.36 

1.97 1.23 

1.44 1.44 

Vehs /Acc. 

1.47 

1.60 

1.78 

1.82 

1.70 

The incorrect values are produced by dividing the total number or persons of a 

particular casualty class (e.g. 8305 persons of class 2) by the total number of accidents of 

the corresponding severity (e.g. 6450 accidents of level 2). (8305 + 6450 = 1.29 casualties 

per accident.> The correct values are produced by summing the number of persons per 

accident for each casualty class within a particular accident severity leve l (e.g. for 

severity level 2, the total number of casualties is 1.23 + .21 + .09 = 1.53 casualties per 

. accident). 

The use of a single factor, such as 1.44, to multiply the number of accidents in each 

severity level to derive the number of casualties and hence the cost is incorrect on two 

accounts. Firstly it would underestimate the number of casualties in the high severity 

accidents (and overestimate the ones in the lower severity) and, secondly, the unit cost of 

just a single casualty class cannot logically be applied to a number that represents a 

mixture of casual 1:Y classes. All the casualty classes within an accident severity level 

must be accounted for. 

4 . cosrs OF ACCIDENT TYPiS 

While the above is a refinement over earlier procedures, it still gives only coarse 

measures. It should be obvious that, for example , all fatal severity accidents are not of 

the same type nor circumstances. When accident types are introduced into the analysis 

they provide a further disaggregation which can be employed to advantage for both 

accident frequency reduction and the modification of casualty classes within accidents . 

Thus for countermeasure work the data must be oriented to accident type and we then 

deal with the • typical outcome' of each accident type (viz the average number of persons 

in each casualty class per accident). 

To demonstrate the variation by accident types, e ight groups or accident types have 



been selected and the numbers of persons per accident in each casualty class and the 

number of vehicles per accident are listed in Table n. These eight accident types account 

for 61 per cent of the reported accidents in Victoria. 

The data shows that • head-on' accidents produce the greatest number of deaths per 

accident and the greatest ~umber of hospital admissions per accident and indeed the 

greatest number of • casualties' per accident. Hence the relatively high value on a per 

accident basis of any countermeasures that would reduce the number of head-on accidents 

or reduce their casualty level. The next worst accident type for total casualties per 

accident is • running off the road at a bend' (also second for deaths and admissions to 

hospital>. 

If the average values for accident severity levels are wanted, each of the accident 

types can be further disaggregated in a table of the same format as Table I. 

TABLED 

CASUALTYC~ 'fftl'kii'lACClDENTTYPE 
REPORTED ACCIDENTS VIC. 1981 

Acc Types casualty class 
1 2 3 4 5 Total 

persons per accident 

Pedestrian .08 ' .46 .41 .08 1.23 2.26 

Vehs. adjacent streets .02 .32 .59 .19 1.97 3.09 

Right-thru .01 .33 .60 .19 1.94 3.08 

Rear end .002 .13 .59 .19 2.35 3.27 

Head on .09 .61 .58 .22 1.86 3.35 

RoR, bend .07 .54 .51 .10 .55 1.78 

RoR, straight .04 .42 .38 .10 .69 1.63 

Lane .006 .10 .17 .08 2.48 2.83 

All types .03 .30 .45 .13 1.56 2.47 

Consistent outcomes 

Veh/acc No. Aces 

1.02 1959 

2.08 4769 

2.08 1821 

2.37 2221 

2.13 1076 

1.03 1518 

1.03 2575 

2.08 968 

1.74 27,549 

Having sorted out that accident tYPes should be used the question that then arises 

is, are the outcomes of accident typ es consistent across a number of years? That is, does 



a 'vehicles adjacent streets' accident on average, produce the same split up in the five 

casualty classes irrespective of whether it occurred last week or five years ago. It would 

seem a reasonab le hypothesis that the one accident type would consistently produce the 

same average outcome (i e. the split into five casualty classes) · This would be expected to 

change if some countermeasure was introduced that modified the severity outcome of that 

accident type. For example the wearing of seat belts would alter the distribution of 

casualty classes for "head-on" accidents. A reduction in classes I, 2 and 3 of 49 percent 

(Andreassend, 1972) might be expected, without a change in accident number. 

To test this hypothesis, the six accident types Igroups in 1981 with the highest 

annual total costs were selected (from Table ID. 

Data were available for the eight year period 1974 - 81 for the six accident 

types/groups and so the information for each accident type for the reported accidents fOlr 

each year was put into the table format as illustrated by Table I, where it might be 

recalled that • Casualty Class' is the degree of injury sustained by a person involved in an 

accident while • Acc'\:ient Severity Level ' is based on the most severe casualty class 

recorded for any of the persons invo lved in that accident. 

In Victoria, feme 40 per cent of the recorded accidents are • property damage' 

accidents despite the reporting criter ion being basically one of accidents involving injury, 

and there is debate about not using the • property damage' accident information because of 

some imagined unreliability. To examine what accident severities might provide the 

greatest consistency across years, the accident type • vehicles adjacent streets' was chosen 

and progressively accident severity levels 1, 1 to 2, 1 to 3, 1 to 4, and 1 to 5 were tested 

for significant differences in persons per accident in the five casualty classes across the 

eight years (with a k sample test). None of the tests showed any significant differences 

between years and as the levels 1 to 5 gave the smallest chi-square value it was considered 

that there was no evidence to suggest t hat including level 5 accidents introduced any 

unreliability and indeed the converse might be true. Thence a decision was made to make 

all the comparisons for the six accident t ypes using all the recorded accident informa t ion 

that is levels 1 to 5. 

For each of the six accident types a matrix of persons per accident in the five 

casualty classes for each of the eight years 1974 - 1981 was produced as illustrated by the 

accident type • vehicles from adjacent streets' in Table m. The Friedman Test was then 

applied to ascertain if ~here were any differences between years in the number of persons 

per accident in the five casualty classes. None of the six accident types tested showed 

any significant differences across the years. Thus there is no evidence to reject the 

hypothesis that a particular accident type consistently produces the same average 

outcome in terms of persons:>er accident in the five casualty classes. 



TABLE m 

OurcoME ~ cVEBlCUS FROM ADJACENT STREETS" AC:~.NTS 
VICTORIA 1974-1981 

Casualty Class 
Year 1 ·2 3 4 5 TOTAL 

(persons per accident> 

1974 .023 .352 .661 .207 2.10 3.34 

1975 .023 .382 .616 .204 2.13 3.35 

1976 .032 .393 .584 .201 2.17 3.38 

1977 .020 .376 .608 .207 2.04 3.31 

1978 .030 .378 .655 .207 2.04 3.31 

1979 .026 .374 .621 .189 2.06 3.27 

1980 .017 .391 .637 .207 2.02 3.27 

1981 .026 .366 .642 .206 1.95 3.11 

Mean rate 

Mean .0246 .376 .628 .204 2.07 3.29 

S.D. .0046 .012 .024 .006 .062 .073 

Coeff. of Variation 

CS.D./Mean) 18 .7% 3.2% 3.8% 2.9% 3 .0% 2.2% 

AB there was no significant difference between years it is legitimate to produce an 

average rate for the eight yeara and use it as a reference distribution. Table IV lists the 

mean rates within each casualty class for the six accident types. 

The mean rates in Table IV can be used to represent the average outcome of each 

of the accident types illustrated and unit costs per person for death and injury can be 

applied to the casualty classes and damage repair costs per vehicle for that type of 

accident can be applied to the average number of vehicles per accident thus givmg a cost 

for each accident type. The only thing varying with time that one need consider is the 

unit costs and they can be revalued in line with changes in the Consumer Price Index and 

average weekly wages. 

Within each accident type the variations <Table V) are small for classes 2 - 5, and 

are generally larger for class 1 <deaths). The range of the values is reasonably controlled, 

with the standard deviation being less than the mean for all cases . 



TABLE IV 

CONSTANTOurco KESOOGHT YEAR A vmAGE) 

Accident Type Casua Ity Class 
Vehl 

1 <fa tal) 2 (hosp. ) 3 aMT) 4 aNT) 5 (NI) Total Acc 
(person per accident> 

Vehicles from adjacent streets .0246 .376 .628 .203 2.069 3.289 2.086 

Run off carriageway, on straight .0525 .491 -381 .093 .631 1.650 1.039 

Run off carriageway, on bend .0927 .618 .461 .103 .567 1.843 1.034 

Head-on .0968 .606 .555 .176 1.982 3.416 2.097 

Right turn/opposing .0187 .352 .550 .179 2.076 3.175 2.077 

Pedestrian accidents .0845 .471 .378 .103 1.252 2.290 1.013 

TABLE V 

COEFFlCIENT OF V ABlATION, PER CENT 

Accident Type Casualty Class 
1 (fatal) 2 (hosp.) 3 aMT) 4 aNT> 5 (NI) Total Veh/Acc 

Vehicles from adjtcent streets 18.7 3.2 3.8 2.9 3.0 2.2 .50 
. 

Run off carriageway, on straight 20.6 8.8 5.2 7.5 5.7 1.7 • &7 

Run off carriageway, on bend 21.9 9.6 5.6 13.6 5.1 2.1 2.1 

Head-on .19.0 . 4.4 5.4 15.9 4.4 1.9 1.0 

Right turn/opposing 39.6 8.5 5.8 8.9 3.9 2.3 .a4 

Pedestrian accidents 7.2 4.7 6.3 10.7 2.9 2.9 .a9 

(Coefficient of variation = Std Dev./Mean) 

Per accident and Annual costs 

Table IV can give an idea of the relativity on a 'per accident' basis of the various 

accident types when just the persons are considered. The damage repair cost has to be 

taken into account for each accident type to finalise this comparison. A study of repair 

costs (James 1983) showed a definite variation of cost with accident type, the rank order 

of costs per vehicle of these considered types were: RoR, bend; RoR, straight; Head­

on; Adjacent app; Right-thru; Rear end; Lane; and below these Pedestrian <at about 



one-third of repair cost of Rear end). A more recent study (RACV 1987) that was limited 

to the Melboume area gave similar results . On a per accident basis: • head-on' accidents 

were the most costly. 

The aspect to be considered apart from the • per accident' cost is the contribution 

to the total cost in, say, a year. For this the cost (injury plus damage) for each accident 

type needs to be multiplied by the number of each accident type and, for the data 

analysed, the greatest contribution was by the 'vehicles adjacent streets' accidents by a 

big margin followed by the two 'run off road' accident types. 

The high casualty outcome for 'head-on' and 'run off road' accide~ts shows the 

value of any measures that can either prevent such accidents or reduce the casualty 

outcome. The seat belt is a prime device for the reduction of casualty and thus the value 

in requiring seat belt wearing and the enforcement of wearing. The improvement of road 

side environments and the removal of obstacles is of importance for the 'run off road' 

accidents. 

From total annual cost contribution the 'vehicles adjacent streets' accident and 

the 'run off road' accidents (again) warrant expenditures (on countermeasures) to curb 

the frequency of such accidents. 

Here the mechanism of costing is of importance rather than the answers for this 

particular data set. 

Updating should be applied to the unit costs per person and per vehicle, and these 

costs then applied to the distribution of casualty classes for the particular year or . 

accident-type concerned. It is inappropriate to update the total annual costs directly (or 

for t hat matter the average fatal accident or average injury accident) because the 

composition of accident types making up the total varies from year to year and accident 

types vary in their costs. Also the relative increases in casualty costs and damage costs 

can be diff er ent. 

5. OTHER JSSUm 

Any major change in the future to the severity outcome of accidents, such as that 

brought about by the introduction of seat belt wearing in the past, would require a 

reassessment of the relevant accident types; otherwise the issues tha t remain are those 

that pertain to the unit costs and some of these are listed below. 

Within the components of the unit costs, the loss of ti me, frustration, etc. of 

uninjured persons in either casualty or damaged accidents should be costed. 



Questions arise as to whether a single value of a life (or an injured person) is 

sufficient. When the value of a life is based on the age/sex distribution of those killed, 

the value obtained depends on whether the distribution used is that for all road users or 

whether selected road users are used e.g. the pedestrian age distribution differs from 

that for drivers, and that for bicycle riders, etc. A costing for the whole population 

alters with time as the population as a whole becomes older. Is there a case to 

sometimes use an age distribution more relevant to the situation being studied than the 

average for all road users? 

The question of whether the unit costs are determined by ex post or ex ante 

techniques needs to be resolved. 

Should pain and suffering ~ included in the costs?, some of the castings have 

included it and some have excluded it. 

Should different costs be used for different regions e.g. metropolitan, country 

towns, and rural roads? The variation for accident types is readily determined. For 

Victoria the increase in severe casualties between Metro and Rural is in the range of 

three to seven per cent except for Head On (14 per cent) and ROR straight (~2 per cent) 

(Andreassen 1984). 

For costs of medical and hospital bills, motorcyclists and pedestrians were above 

the average amount paid. Should accidents involving these road users have- unit costs 

that differ from the average for all road users? 

6. CONCLUSIONS 

A knowledge of the effect on spec'lfic accident types by particular 

countermeasures is an integral part of any proper safety program. To justify the 

expenditures on countermeasures, and this comment applies to all forms of 

countermeasures not just site treatments, the cost of the accidents saved (or increased> 

has to be weighed against the cost of the countermeasure. Averaged average costs are 

no value for such work because of the skewed nature of the distributions involved. The 

costs of the specific accident types must be used. This is readily done . as described 

herein, by using the casualty classes of the persons involved in accident types and the 

application of unit costs per person and per vehicle . 

The • unit cost' approach (i.e. per person by casualty class and per vehicle) has 

been advocated in the past and appears to be the most useful technique provided all the 

involved persons and vehicles are accounted for. The unit cost figures can be applied to 

National or State totals and to individual accident types, the latter being essential for a 



proper cost-benefit assessment of safety measures. The unit costs can be further 

tailored to reflect different road users and different environments. None of the past 

studies reviewed have been sufficiently detailed to produce a sensitive tool/method for 

analysis and further work should be done to establish the needed details on vehicle 

damage. different road users and environments. The unit cost approach is applicable 

irrespective of whether the c~sts have been derived by ex post or ex ante considerations. 
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EVALUATION OF ROAD ACCIDENT COSTS IN YUGOSLP.VIA -
- METHODOLOGY, RESULTS AND APPLICATION 

Dr Olga Cvetanovic, Hr 11ira Zaric, ~Iilica. Lazic 

B 2 6759 

The unavoidable by-products of t he motor vehicles traffic ~ncre­
ase are road accidents, causing pai n .and suffering of individu­
als as well as serious losses f or t he society . Due to its comp­
lexity, this problem provoked a lot of the research work and 
also controversies concerning the approach, the methodology, the 
results and their application. In Yugoslavia, beside p.artial in­
vestigations until the middle of seventies this problem has not 
been studied enough, but in 1977 a study concerning these prob ­
lemsl • was elaborated. for the Nation~l High,'lay Authorit,ies and 
its methodology, results and application arc presented below. 

\ 

1.A METHODOLOGY FOR EVALUATION OF ROAD 
ACCIDENT COSTS IN YUGOSLAVIA 

Taking into account numerous studies in various countries (main 
bibliography inclosed here) the methodology adopted is in accor­
dance with the existing social values and economic theory and 
practice, but the approach was rather pragmatic. The evaluation 
of road accident consequences was based on the assessment of each 
disaggregated element thus enabling partial quantification for 
each type of accident or for any group of accidents or one acci ­
de nt. 

1.1 . General Approach 

Adopting internat i onally accepted definitions the basic asstl tnp­
tions were the following: 

1. r'lOGUCNOSTI I PRII1ENA KVArlTIFIKACIJl; POSLEDICA SAOBRACAJUIH 
NEZGODA r~ PUTEVIMA SA GLEDIBTA NARODNE PRIVRED~ (POSSI BILI ­
TIES AND APPLICATION OF ROAD ACCIDENT COSTS EVALUATIOn - BO-

o CI D-EconOMIC ASPECT) - Insti tnt 'Kirilo Savic 11 - Inst i tut· zn 
ekonomi ku saobracaj a , Beograd. 1977 -79 . 

B 2675 9 
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1. Two main types of accidents were observed: accidents vnth in­
juries (including three sub-types: aC?idents ~dth fatal inju­
ries, with serious and with slight injuries) and accidents 
with damage only (including registerd and non~egistered acci­
dents). 

2. Taking into account two categories of accident consequences: 
subjective, related to pain , :rear and suffering of individu­
als and relatively objective and broder one from the social 
point of view, this analyses related only to the latter suppo­
sing that it represents the only a.dequate '\lay and possibility 
of evaluation. 

3. Due to great differences of the level of economic growth in 
various regions in Yugoslavia (republics and provinces) asse­
ssment of each element '\'/as p,erformed by regions, and the va­
lues for the country as a \'lhole represent the sum of them or 

the weighted averages. Taking into account the decentralisati-
. t \ d .• on of ~nvestmen s, safety programs an econom~c ~nstruments, 

it was necessary, but it also demanded great attention in re­
lation to the level of programo. 

4. The data sources were relatively good official data on the 
structure of road accidents and their consequences and on ~e­
levant economic parameters. For the purpose of this study l/~ 

surveys and interviei'ls comprising 296 o:f.'ganizations and insti­
tutions \Olere performed in order to obtain good assesnment 0 f 

the elements not i ncluded in the official statistic data . 

5. The basic formul a for the determination of the total sun of 
road accident conse~lences in monetary terms fo r each re5io~ 
vas the fo l lowi ng: 

3 2 
c =L A.m . + 

l. l. 
~ V.n. + 
~ J J 

(1) 

i=l j =l. 

c - t ot al sum of costs and lonseo caused by road accidents 
Ai - av erage costs per injured group i 
i group of injuries (fatal, serious, light) 
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mi - number of injured by i-type of injury -Vj - average damage per group of accidents 
.j - group of accidents (\lli th injuries, \'li th damage only ) -R - average other costs per group of accidents 

Registered number of casualties with damage only was increa­
sed by 2~' in order to include non-registered casualties. 

6. The following elements of costs and losses related to particu­
lar consequences were included into the analyses: 

a. Loss of output for killed1 • and injured persons, 
b. Medical and rehabilitation costs of the injured, 
c. Damage to motor vehicles, 
d. Other costs - insurance administration costs and loss off 

output of transport operators .due to vehicles immobility . 

1.2. Evalllilt1Qn of cost § (~omIEonents 

The eValuation was rather difficult, because the loss of output 
imposed methodological problems, and the other components askod 
tor separate analyses and assessments due to the l aclc of precise 
data r elating to road accidents only. 

a. Loss of olltput. Atter long dilemmas it \'las assumed that the 
loss of output should be measured as the social loss of the commu ­
nity caused by the absence of injured persons from the production , 
but it should not be identified '-lith the value which the community 
assigns to human lives. The basic input ellcment for the killed 
persons '\-las net national product reduced for the consumption per 
active person,and for the injured persons it was the same element 
per active person , consumption i ncl uded . The loss of output Wa~ 
calculated accordi ng to the fol lo\'1ing formula : 

Do {, 
r'm = ~ +LP .. 

w 1 2 0 1 ".Q 
(2) 

1 . According t o the internati onal standards i t was assu lle d that 
all the persons who ~ave died \'ltihin 30 days since the occu r­
ence of the accident are killed in r oad ac ci dents. 
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for each region and for 5 age classes.l • It was assumed that the 
average working period starts in 22 years and ends in 55 years 
regardless sexes . Relevant symbols were the following .. 

-D1 - present value of lost output for I killed person 

D - average lost output of I killed person in the starting year 
0 1 (1975) 

n - limits of the working period for each age class 

i expected growth rate of productivity (3 to 5% by periods 
and regions) 

r - discount rate (12}6) 

a, b - starting and ending year of the \,lorking period 

As 'the number of foreign citizen~killed was not negligeable,lost 
labour output for the total number of persons killed by each re­
gion was reduced for the corresponding amount. 

Assuming that the accident injuries are close to ,-rork injuries, 
i.e. that their feature is politraumatic, statistics of social 
insurance and medical institutions were used for the assessment 
of the average absence from work: 

Type of injury 

Seriously injured (disabled) 
Other seriously injured 
All seriously injured 
Lightly injured hospitalised 
Other lightly injured 
All lightly injured 
All injured 

Average naumber of days 
- in - sick total 

hospitals leave leave 

21 
21 
21 

4 

2 
9 

150 
21 
27 
7 
2 
4 

1 --~ 

171 
42 
48 
11 

2 
6 

The l ost " output f or in jured peop l e "laS evaluated by the f ol l ow:t.nC". 
f ormul a : 

1. 5 age c1asse s: 0-19 , 20-24, 25 -3LI' , 35-lt,1~, 4 c;,-5' ~. 
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D2 - total loss of output for seriously injur~d people 

m2A - number of active injured persons 

D2 - average daily output per active person 

n - average work leave for seriously injured persons (48 days) 

About 4,~~ of seriously injured persons remain disabled. Out or 
that figure 25% remain totally disabled, 3,5% need professional 
rehabilitation and 71,5% can continue to work after about 18 mon­
ths. The lost output for all these t hree groups of dioabled per­
sons was assessed analogously to previous cases. For the first 
group the observed period was th~ remaininB working life and for 
the second 39 months . 

The lost output for slightly injured persons was calculated no 
above. 

b. Medica]. and rehabilitation costs. The main s ources for this 
part of evaluat:ton were statistics and surveys in relevant insti­
tutions. Medical emergency costs comprise all the costs realated 
to this kind of medical services (fuel and depreciation of vehi­
cles, salaries etc) related to work hours and performed trip dis­
tances. Total costs by regions were calculated according to the 
£ollowing formula: 

2 

ClIPi = L ai mi . CUPi 
i =1 

J>Hi- t ot al med~cal emergency serv~ce costs 

(4- ) 

ai - percentage of t he injur ed of i-type who needed the servi ~e 

CPH1 average costs by i ntervention by i n jured of i-type 

Available sources shm'led t hat about 7(JJ6 of ld. l led a.Yld l5;~ of ne ­
riously injured persons used t he ambu1 ~Ylce car tr~sport. 



Hospitalisation costs askod also for special invcsti6ations, be­
cause they are not directl y rel ated to road accidents consequen­
ceso Numerous sources and di fferences in methodology gave -parti­
ally controversial results , but they helped the assessment of 
crucial elements: 

- all killed persons uho did not die on the spot were transpor­
ted to a hospital, "There they remained about 5 days, 

. - all seriously injured persons were tranoported into a ho~yital , 

where they remained about 21 ~ays, 

- about 44% of lightly injured peroons trlere also transported to a 

hospital, ,..,here they remained ~bout 4 days, 
I 

- average daily hospital costs for slishtly injured are equal to 
average hospital costs, for seriously injured, they are increa­
sed by 4?~ due to politrumatic feature of injuries and for ki ­
lled persons they were increased by 9~fo. 

Total hospital costs ';/ere the result of the follO\.ring formula: 

, 
=1: 

i=l 
b.rn. C.d. 
~ ~ ~ ~ 

CHi - total hospital costs 

b . - percentage of hospitnli7.ed persons of i-type injury 
~ -Ci - average ho spi tal coots per i - type injury 

d. - average length of hospital treatment per i-type injury 
~ 

Costs of ambul ant examinat ions "'Tere assessed ana.logously to pre­
vious el ements assuming , according t o the available notl.l'ceG, t hat 
a serious inj ury requires 2 ,5 and slight injury 0,8 ambulant vi ­
sits. 

The basis for medica l r ehabili tatio n cost s asseSSMent ,-ras t :1e f-ac t 
that 5,o/~ of hospit ali zed pers ono , i .e . l~b of ser ious ly inju~ed 
need medical rehabilitat i on \'I'ith the aver afje dur. ation of 58 days , 
with corresponding av eraee costs. 
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Professional rehabilitation costs for O,17~ of seriously injured 
persons (or 3,~~ of disabled by road accidents) ~~re determined 
similarly on the basis o£ the respective average costs and avera­
ge length o£ rehabilitation (11 months). 

c. Damage on vehicles. Due to the lack of informations on road and 
load damage, only damaae on vehicles was observed in this investi­
gation. Insurance statistical data enabled the assessment of total 
vehicle damage taking into account types of insurance, damage cau­
ses, reimbursement etc. According to foreign experiences too, very 
small damages were excluded and the number of accidents with only 
damage was increased by 2~~ for non-registered accidents. The for-
mula was: \ 

(6) 

v - total amount of vehicle damage costs in road accidents 

V zo- total amount of payed and reserved. demands in insurance orr.;o.­
nizations for compulsory insurance 

o - average amount of payed and reserved demands for compulsory 
insurance 

k - average amount of payed and reserved demands for total insu­
rance 

Nl - number of accidents related to running into road facilities, 
to running out of the road and to vehicle overt~rning 

N2 - number of collisions and strokes against other vehicles (oi­
nimum two partiCipants) 

d - coefficient of uncomprised events (d = 1,2, i.e. 2~~) 

c - corrective coefficient due to excluded dama~es caused by 00-

llisions and strokes (c = k:/o = 0,15, i.e. number of totally 
insured vehicles to number of vehicles compu l sory insured). 

Insurance statistical data sho~led also that differences in COG t s 
between accidents with and ~dthout injuries are from 3,8:1 to 
2,4:1 by regions or 3:1 in the average. 
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The administration costs of insurance companies amount about ~~ 
of motor vehicle insurance and half of that sum can be related 
to road accidents. Administration costs for injury accidents are 
about 4 times higher than for accidents with damage only. 

The eValuation of transport output loss in goods transport ~~s 
also based on available data and additional surveys. The average 
exclusion of goods vehicles from the transport process \'laS from. 
4.8 to 21 days, or on the average 9.3 days per vehicle. Total 
loss by regions \'Ias obtained by multiplication of the number of 
excluded vehicles, average costp per vehicle and percentage of 
the added value in company receipts~ 

2. QUANTITATIVE RESULTS AND ANALYSIS 

This analysis was mainly based on official statistical data on 
DUmber,structt~e and consequences of road accidents which are rat­
her reliable particularly concerning accidents \,li th injuries. In 
the observed 1975. 207,781 accidents occured, of which 40,467 ,'rere 
accidents with injuries and l66,8lLJ, were accidents with damage 
only . Their structure was the follot'ling (in %): 

Accidents struct~re 

Type of accident ~otal - in urban - J.n rural 
areas areas 

All accidents . 100.0 100.0 65·3 lOO .0 34.7 100 .0 

Accidents with injuries 100.0 19 ·7 6l~ .7 18 ·5 35 ·3 20.1 

Accidents with damage only 100.0 80 ·3 65 · 5 80 .l ~ 3'·1· ·5 79·9 

In that year, L~, 366 persons ,-/ere killed, 21,759 "iere se riousl y 
and 34 ,723 lightly injured and t he i r dist r ibut i on uas the f o11:)­
\dng : 
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Structure of the injured personEl 

Type of fatality Total - in urban - in rural 
areas areas 

All injured 100.0 61.8 ;8.2 
100.0 100.0 100.0 

Fatally injured 100.0 48.1 51.9 
7.2 5.6 9.7 

Seriously injured 100.0 60.9 39.1 
35.8 35.2 36.6 

Lightly injured 100.0 6L~.1 35.9 
57.1 59.2 53.6 

:i 

It is obvious that in urban areaa the number of accidents is Gre­
ater, but their nature i3 less dangerous, because accidents with 
damage only prevail and injuries are lighter. 

Total amount of soc'ial losses cau:;;ed by road accidents, \'1i th mi­
nimal assumptions, was about 214 millions of US dollars, repre­
senting 5~; of investments in construction, moderntsation and ma­
intenance of national, regional and part of local roads in Yugo s­
lavia; or representing approximately construction of 125 km of 
modern highway \-l1th 4 lanes in plane highly urbanised nrea. At the 
same time mortality caused by road accidents tooIt 5 th place among 
other ceases and the first place among accident deaths. Injured 
persons occupy 7.3% of beds in sur.gicol, traumatic, orthopaedic 
and similar hospitals yearly. Damage costs "Tore by 7}~ hieher than 
total road motor vehiCles import. 

Total social loss caused by road accidents varies accordinG to 
the type of accidents and road environment (in %): 



- 10 -

Structure of the total social loss caused by road accidentG 

Type of accident Total - in urban - in ru:t'a1 
areas areas 

All accidents 100 57.5 42.5 
100 100 100 

Accicients with injuries 100 57.1 42.9 
65.3 6/1 .• 9 66.0 

Accidents with 100 58.3 41.7 
damage only 34.7 35.1 3'~" 0 

It is also interestinf5 to analize the structure of the avert'l.~e 

costs by type of accident and consequencea, sho\'Ting that a.ccidents 
with damage only have 7.6 times lower costs due to different con­
sequences structure (in % and. US dollars): 

Structure of average costa by accident and consequenccG types 

Type of Ou tpu t Medic al Damage Insur. Transp. Total 
a.ccident loss costs adminio. output doll. = 100 

All accidentfl 26.6 6.l~ 57.0 ~ r= ,.:; 6.5 1029 100 -
Accidents 'tlith ll-O.7 9.8 36.8 2.7 10.0 3410 '331 injuries 

Accidents with 
9'~ ·9 5.1 ll-44 J~3 damage only -

Obviously, 1/5 of the total number of accidentz, ':li th injuric';l, 
caused 2/3 of the total lossee. Therefore in thin st11.dy ns \1e21 O.S 

in road safety programe particular attention "TaS payed to thnt ty ­

pe of accidentso The distribution of l oos cocponento fo r accident::; 
wi th i njur ies for the country as '!,-lhole , iTi t h variations 'oy rer,iolls, 

Was the f ollovIing (in %): 
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Structure of total losses caused by accide.nts "rith injuries 

Type of l osses 

Output loss 

Medical. and rehabili­
tation costs 

Damage 

Insurance adminocosts 

Transport output loss 

Total 

Total 

40 ·7 

9·8 

36.8 

2.7 

10.0 

100.0 

assumptions 

- in urban - in rural 
areas oreaa 

38.5 43.6 

10.5 8.9 

36.6 37.0 

3.1 2.2 

11.3 8.2 

100.0 100.C 

for output loss and. In spite of relatively moderate 
real assessment of d~aage loss, these t .... lO cater;ories represent 2/3 
of total costs of accidents \'lith injuries. 

The most important figures in medical costs are the costs of se ­
riously injured persons, particularly hospital costs (ill 'In: 

Struc'ture of medical and rehabilitation costs 

Typo of Emergency Hospital Ambul . rledical Profes. Total injury ~"'ehab il. rehabil. --
Killed . 47.9 1 .4 1.6 

Seriously 52.1 89.8 62 .6 100.0 100.0 89 .G injured --
Lightly 8.8 37.4 8,8· injured 

Total 100.0 100 .0 100.0 100.0 100 .0 100,,0 ------.... -
1.0 81 .. 3 4.2 12.7 0.8 100,0 

- -----

Average costs per injury accidents , causincr 0 .11 lcilled perSO"QD, 
0.53 seriously injured persons and 0 .85 lightly injured persons, 
were the follo\'ling (in US dollars): 
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Average costs per injury accident by injury type 

Cost element per 1 ac­
cident 

"per I in­
jured 

per 1 'Oer 1 ser . pe:::, 1 1 i1; . 
killed injured injured ------------_._----_-....- --_._---_ ... "--- -'- .. -- -_ .. - ' 

Output loss 1388 939 10320 612 42 . 
-~--

Medical and 
33l~ 225 reh. costs 52 563 

'--------,-" ... ---- .. . __ ._---'"-_ .. . '_ . . _ ... 

Damage 1255 --------- -------- - -., '_ .. ' . ... - ----
Insur.admin. 93 ------- ------..""-- ---------_ ... .. ----------------
Transp.output 340 

Total 3410 1164 10372 1175 76 - - -----------------_ .. ------_ ... _ ... - -- ----' - - . •. _. 

Average costs per accident with damage only amounted to 444 US do · 
lIars in 1975 , namely 394 US dollars in urban areas und 537 US do­
llars in rural areas. 

3. APPLICATION OF THE OBTAINED RESlfLTS IN ROAD SAFETY PROGRAl'1S 

Road safety proarams vary by nature , extent and other features 
from country to country. In this case , methodological problems re­
lated to the application of road accident costs evaluation wil l be 
stressed , and an example of their appl i cat ion in programs for el i ­
mination of black spots on national and regi onal roads will be 
presented .. 

Application possibilities 1:or t hi s kind of investigation are very 
,\.;e11 kno"m and broad. But, tha application arises sever al problems : 

- actuality of the results , 
- l iabi lity of the application , 
- regional and other differences . 
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The evaluation of social costs and losses regardless the methodo­
logy is rather complex and requires relatively long period ~or 

obtaining results. This investigation shO\"led also that it wou Id 
be irrational to perform it freqently. The introduction of sha­
dow prices woul~ make the problem more complex. Road. safe~ prog­
rams are predominantly multi-year proerams. All these fa­
cts lead to the adoption of the average values for basic elements 
of consequences which should be multiplied by the structure of 
time series of occured or expected accident consequences. In spi-. 
te of the numerous changes of input elements for the observed mo-
del, related to the level of motorisation, types and structure 
of accidents, road quality in br\ade sense, and the structure of 
injured persons at one side and the level and structure of natio­
nal product and economy, cost categories, and structure of popu­
lation on the other side, it is obvious that the most important 
variables had similar trends causing minimum changes of road 
accident costs structure. Mul tiplication o~ t"10 sets - the set or 
average consequences costs and the set of real or expected conse­
quences - can give satisfactory result for determination of road 
safety programs requiring primarily determination of priorities. 
Co~parison of different road investment programs requires as vle11 
revalorization and the unique prices and time period. Therefore, 
beside revalorisation , it may prove to be more useful to inve~ti­
gate in details the structure of the input ele~ents each 15-20 
years in order to check the structure relations and in the mean­
time to use the available revalor 1.sed values. This has been done 
in Yugoslavi a since 1977. 

Liability problem rises in some countries such as ours, but tl~ 
new methodology for feasibility studies "-lill inculude this cle­
ment. If not so or if the input elements differ, the comparison 
bet''1een the progracs is hardly possible . 

Differences in the level of economic develo-pnent among Yugosl o.',,:­
regions are still significant . T~is fact made the whole investi­
gation more complex because it \-;as done by regions. Experi ences 
in some other countries and this one, too, shoued that differen­
ces in the average costs approyimately correspond to diffe rence s 
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in the level of economic development , but differences in number 
and structure of accidents vary significantly. Since 1975 until 
nowadays the level of safety relatively improved - the number of 
passanger cars increased by 85%, number of injury accidents inc­
reased by 6%, number of injured persons increased by only 2% and 
number of killed persons even diminished by 2%. It is also an 
argument in favor of use of average costs values in long term and 
real or expected values for accidents and consequences. The assu­
mption for correct application of the obtained results is also 
the use of Yugoslav (\·reiehted) · average values for national pro­
jects irrespectively of the facility phisical location. Regional 
average values may be used only~or regional or local programo 
and projects .. 

;.2. A.pplication of the results in progrcm..2. 
for elimination of black spots 

The results of this 1.nvestigation '\tlere also used for evaluatin~ 
some separate projects. Those ".rere mainly proGrams to eliminate 
the most dangerous spots on main and regional :!'oa(\s in Vojvodi- . 
na, Serbia, nacedonia, and !'ronte Neg~"'o. The general method.ology 
applied was the same and based on impartial recognition of bLack 
spots, analysis of accid.ent causes, elimination proe;rame, and on 
efficiency evaluation for each measure on every single spot, 
according to the clleme on the -follovlinG page. 

a) Black sPOts reco/goi tion. Assumins that traffic accidents D..!~ 

stochastic events the adopted methodology for reliable recogni.­
tion of black spots on non-urban lin!ra ,-raz statistical method. 
based on compari sons beti'lCen accident rate by unit length as '.Tell 
as f'.afety rate ( coefficient expresoed as tile numbe ~ of acciden~R 
by unit of tranflport output) and the limit values o.f these inc\.i.. ­
cators , '\'rmch ,d'l;h certain variation (0 , 575 variation o.t 99.5,<' r e­
liability) may be considered rando m. '.rhe r eal d~ta on accidents 
which exceed otatisticaJy obtained critical values indicate thnt 
the acci dents are not only random events o~t the conse~uences of 
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some external influences which implies that the correspondin~ road 
network should be examined . Statistical calculations and identifi­
cation of the most dangerous spots on the main and regional net­
work was performed by a compute r. 

Recognition of black spots for urban portions of the main and re­
gional network ''las, due to previously mentioned restrictions, ba­
sed on comparisons between actual and calculated-unique critical 
(limit) number of accidents wi th killed persons and no further 
statistical analysis was done . 

b) Apa:tysis of causes for-2f'eatin.6 t~Q blac1~ sP2.t§_- Detailed exa­
mination of causes for the occurence of each blac1( spot 'IIaS per­
formed by analizing the follo\,ling: 

- causes defined on the basis of statistica.l forms on accidento 
estabilished by t:he Hoad Police Department, and 

- data collected on spot by detailed oboervations of each sin~le 
black spot . 

Comparative analysis of these data indicated that causes for crea­
ting dangerous spots differ oienific~~tly depending on '~hethe r 
these were det ermined by police 1nvcrotigation 0::' by on spot obser­
vations . The conclusion is that in actual practice the r.oad net­
work and its environment as the component of traffic safety ~8 

completly negl ect ed or classif 1ed as a minor cause of traff i c ncci ­
dents. 

According to official s t atis t i cs t he predominant cruIse of accidents 
i n ~~ of case s was drivers fault (viol ation of speed limit , v i ol a­
t ion of priorities , psycho- physical s t ate of driver, etc .). Th~t , 

t he r ecognition of road elements on the black sp ots indi cat ed ot­
her types of causes: 

- in urban areas: undevided fl01ls of pedes trians and motor vel lic­
les, inadequate traffic flov Z'ee;u.lation , unsat isfac t ory s ic;ht 
di s tance , inadequate r oad width , bad Signali sati on , unsat i sfa­
ctorly de signed service area, etc ., 
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- in rural areas: bad road elements, worsened by bad sienalisnti­
on, bad vertical alignement, inadequate skid resistance, holes . 
in pavement, short sight distance, inadequate horizontal alig-
nement demanding sudden changes of drivers behaviour, badl y de ­
signed cross-section grade in circle, unseparated busstops , 
road narrowness at bridges, etc. 

The causes of these differences are probably the consequence of 
the fact that it is al\'layS easy to blame the driver u\"lho did not 
adjust the driving to the road and traffic condidions". Investi­
gations at each black spot showed that several negative causeo 
coincided often and that they ,'rere related to the road eleruento 
and traffic flows as \,lell as to the dri vera behaviour. 

c) ~he Pioppsal for black spots elimini-ation. On the basiE; of the 
determined causes on the spot a program of improvement measures 
was elaborated comprising three main measure gr-oups: 

1. regulation measures 
2. streets ligh~inB 
3. improvements of road eleMents. 

In accordance \·ri th combined accident causes the measures .... :er'\i 
often complex . Measures relating to signalisation and lights do­
minated in urban areas and measures relating to the improvement 
of road elements dom1nated in rural areas. 

d) forecas.t of meapures exoected effects and de termination of 
p.t'iorities . A pa..""ticular analysis HaG made in order to dete .... "!ninc 
reduction coeffici ent e~ressinc; t I c decrease of ncc i dento rh~ e 

to the proposed measure£·. Taking into account tJ.~ c02"re l a t ion 
bet1-reen acc i dent density and traffic flo vs denoi ty , a p :po\Jnosi s 
of t he expec t ed accidents on each spot ,~s mnde fo r 20 ye~~s aD~ 

afterwards i t \'las decreased by r.eduction coef.f i ci ent . The ob t a­
ined number of injury accidents on each spot waw the in'Put f o r! 
the calcul at ion of the relevant benefits "':!eoul tins frcr.1 the "Qt·o ­

posed me asures . 
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As it is normal that the accident conocquenCCfJ at the blac.'r.. SF~ ':;D 

are more severe than the ave~agc consequences fo ~ a reg~on, c~~ 

average accident costs "Tcre calculated separately for blac~ s'Qoto 
in urban and in rural arcao. The t\'10 avera(je value3 \'1ere obtained 
by multiplying three types of average cos1.;s by ~jury tYl'e '·li1.-11. 
the real number o:f injurieo on the observed black spots for ur cm 
and rural areas separately. The same \~aG done for dama.gE) costs 
according to the :follovTinr; formula: 

3 4 

L Ai mi .,. L Vj P j 

c = i=l j=l 
n 

C - average accident coots 

A. - averaBe injury costo fa I ' injured -persons of i-type 
l. 

m. - real number of the injured persono of i-type 
~ 

(,3) 

Vj - aver ago damage costs (in injury accidents) by vehicle typo 

P j - real number of damaeed vehicles of j-type (bycicle, 

passanger ca~..., goods vehicle, bus) 

Total benefits for each spot "19re obtained by mul ti"Plieation of 

the number of the avoided acc tdents and the averoee accident 
costs for 20 years discounl;ed to the preacnt value by the fO?!'I1u­

la: 

B = 

20 
L Bn 
n=l ~( l=-+ ..... i~)n· = 

20 _ 

Z C.n n 
n=i ,{1+i)fi 

B - total benefits at the pai'ticula'2 spot 

Bn - benefits in n-year 
C average co sts for the observed Dpoto in r112'a.1 , :L. . e . 'I. l"1:-oa:1 

areas 
n - years in the observed period 

i discount rate 
n n - number of the avoided ace Ute nto in t he year n 
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Priorities \'1ere determined according to the ratio of total bene ­
fits and measure costs for each o~ot for three cateBories of crlo ­
bal prioritias: 

a) First "briorit:r - mea.sures \'1hich can be realized within road Tila. ­

intenance causing minimum investments (horizontal and vertical 
signalisation, semaphore synchronization, etc). Inventments in 
these measures pay back several . times in the first year, and bone ­
fits are some time 50 times greater than investments. It "/as not 
necessary to calculata the ratio ?f benefits and costs. 

b) ~cond priority - measures \'1hich ask for more oerious actiono 
and for greater investments (~tard rails, installation of semap­
hores, road enlargement, bUD sto~ construction, improvement of 
sight distance, improvement of croEs-section· grade). The 
benefit cost ratio ,,"as in the averaBe 1.5 in urban areas and 4. ~ 
in rural areas already in the first year. 

c) Third nr;..£E.!~ - measures demanding great investments and con­
struction '-lorks (at grade intersection, radii increase in verti­
cal and horizontal alignement, bridge enlargement, etc.). ,Tho pa.y 

back ~eriod for these investments is longer (6-7 yeo.rs). The bene ­
fit cost ratio \.,as from 2.45 to 6.50 in urban areas and from 0.81 
to 15.50 in rural areas and the inveotment priorities were easily 
determined according to this ratio . 

. . . 
The presentation of these theoretical and practical inveotie;at i ­
ons l'laS rather short i n comparison ifi th the performed stUdies as 
a "Thole and therefore nume~o lS argu nentD and asoumption~ l,orere O'l':1i. ­

tted, but i t can give general im'Pression on the problem mcthono­
loey and rosults . 
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COMPLEMENTARITY AS AN AXIOMATIC FRN-1EWORK FOR BEPAVIORAL 

RESEARCH IN TRAFF le SAFETY: A YOUNG DRIVER C,GSE 

By 

J. Peter Rothe 

INTRODUCTION 

Young drivers are high profi l e subjects of much speculation, hypothesis and 

empirical study. Laymen and traffic safety researchers ask questions such a.;', 

"Why do young dr ivers drive the dangerous way they do?" and "How may we 

account for their risky driving behavior?" By attempting to answer these 

questions, researchers have become sensitized to the pathological premise that 

there is so~thing inherent ly wrong or deviant about young drivers. For 

examp l e , over the years researchers have assessed di fferent factors rela te d to 

young drivers. 

Statisticians such as Lawson and Stewart (1981), Stewart and Sanderson 

(1984), and Fell (1984) compared young dr ' ve r accident rates with a popu lation 

of older drivers. The difference between the groups defined the degree to 

which young dri vers were a problem. It should be noted that such statistical 

analyses define problems at arms length , They are far removed from everyday 

driving behavior. 

The psychologists, Loitz l (1965), Schuster (1966), Levonian (1969), ~~yer 

and Treat (1977), and Wal l er and Ha ll (1 984), employed abstract concepts such 

as personality (e.g. , ma l adjustment, extroversion), diagnostiC cognitive 

abilities (e.g., i nformation process i ng deficiency) and driver aptitude (e.g., 

intelligence. literacy) to measure young drivers' behaviors, Their concepts 

are incorporated i n such theoreti cal desi gns as "personal maladjustment theory" 

(Selzer, Rogers and Kern, 1968), "informati on processing defect theory" (y,le ' n. 

1974) and "compensa t ory theory " (f1.cBride and St road, 1975). The concepts 

reflect stereotype behavi or based on empi r i ca l studies and t heoretical 

construct s invo lv,'ng a vari ety of gr oups . \I.'h en appl ied to yo ung driv~r 

behavi or , any d'scr epancy between yo ung dri ve r s and normative expectations t he !) 

becomes the object of compensa ti on. 

Epi demi ol ogis t s such as Till man and Hobbs (1949), Thorson (1968) , CarlsOf) 

(1972), and Tonk i n (1985), among others , cons idered young drivers as social 

hea l th prob l ems because of t hei r increased exposure to external factors as th e 
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roadwaY9 traffic, enviroFlnental cond1ti ons and t mes of day. The Organizat 'I n 

for Economic Co-operation and Dev el opnent (OECO) foo tnoted the exposure thesis 

by writing: 

••• s ome kind of "natural sel ecti on ope rates and that the drivers who 
use th e roadway at nf gh t di f f er s i gn1 fi can t 1y in certa in personal 
characteri s tics from those who use the hi ghways in the day. If so, 
part of thi s inc reased expos ure may be r e l ated to personal 
char ac ter istics , rather t han being enti rel y a function of factors 
ou t s ide the dri ver (OECD , 1975; p. 39) . 

2 

An of ten menti oned persona l character ' s ti c responsible for "induced 

exposure - is ri sk-taking (Cerrell i, 1972). As part of their age, young dr ' vers 

engage in pr obl ematic behav ' or. One such behavior is risky driving (Jessor, 

1985 ) • 

Much of the epidemio logi ca l research de fi nes young driver t" sk-tak ing 

behclvior as pathological , revea "ng the presence of physiological dev ' ation 

from an assumed normal state . To ill ustrate, the extent to which young peop l e 

engaged in vio lent, probl ematic or se lf -destructive behaviors represents a 

disease for which cause, origin and nature l1ust be discerned. Yet, accord ing 

to Mil l s (1963), the appli cati on of medi cal categories to a soc ia l phenomenon 

as young driver behavior cons t i tu t es a t oo ready acceptance of the preva ' l in g 

norms as being 'healthy. " A fo ll ow up quest i on is, "\{hat cor·sti tutes hea l thy 

normati ve beha vior?" The answer to this question has not been forthco min g. 

Thr oughout th e l iterature, yo ung dr 'vers were consistently defined as a 

specious singul arity, encompass i ng a "whol e" of integrated acti'lities (All port , 

1961) . Camer on remarked: 

I f nothin g el se , t his controversy i n t he literature over the par ti cular 
ages a t w,i ch t ra ffi c prob l ems ar e vas t should make lIS realize t he 
pr oolems inh er en t in t r eating yo un g dr'vers , aged 16 to 75, as one 
homogeneous group about whi ch genera l 'za t ions can be ma de . In t erMS of 
driving experience , drinkin g e xperi ence , and various other soci al, 
psycho logf ca l and behavi oral fa c tors t pe rsons aged 16 or 17 are very 
diffe rent from those aged 21 to 25 (in CEeD, 1982). 

The statistical data used to define young drive r behavlor are based on the 

possib il i ty of under s tandin g eve ryday 1 i f e condi ti ons accord; ng to par s fmon i ous 

de finiti ons of concepts. obj ec t s and s ubjec t s . To trans fer an objec ti vi s t 

abs trac ti on 1 ike ri sk- t ak in g in to 1 i fe s i tuati ons is a fa it accomp1 i. 

lifes tyl e i ss ues a re e ither deva lued or co ns ide red non -prob lema ti c . For 



defin; t i on purposes the young dr lvers are cons ldered s ta t k • ver1 fhb le 

enti ti es. 

Each researc h perspective menti oned enta n s a singul ar approach . No 

attempt has been made to combine the approaches to develop a hol i s ti c 

understanding of young drivers. Benner (1978), Woods ( 198 1) , and Jessor (1 985) 

proposed that a master model for young driver research orienta t ions i s t he 

single greatest need in accident studies. Hence, the next step is to fur ther 

the r~search paradigm whereby singular research perspect ives are avoi ded , da t a 

are integrated and everyday lifestyle features are addressed. 

This article proposes a step, albeit a small one, towards devel op ing a 

conceptual framework to interrel ate data into a protracted behavioral image of 

young drivers. The following descr iption of the framework ent i tled 

compl ementarity draws on the conceptual con fi gurat lon and research da ta 

extracted from a year long study of British Columbia young dr ivers. 

COMPlEMENTARITY: BACKGROUND 

Comp l ementarity is based on the assumption that objecti vely de f ined 

characterist ' cs establ ished through hypotheti co -deducti ve reason i ng are 

appropriate for descriptions of statistical trends but they say li t tl e of 

everyday social behavior. They do not refer to the expectations young driver's 

have of thei r rel ationships with people, to the meanings \'1hich they ass i gn to 

their own and other people's conduct, to their self iw~ges, to the norms 

governing thei r behavior and to the i r ideas , attitudes, sentiments and 

motives. Rel evant to the apparen t shortcom 'ng, Weber wrote: 

All interpr eta t ion of meaning l ike all scientific observation, strives 
for clarity an d ver i fiable accu racy of insight and comprehensi on 
(Evidenz ). The basi s for ce r tainty i n understanding can be e i t her 
rational , ~ich can be further s ub divided into logical and 
mathemati cal, or it can be of an emoti onal empathic or arti sti ca lly 
appreciative qual i ty • • .. Empha ti c or apprecia tive accuracy i s 
atta ined wh en th r ough sympa theti c parti c i pa ti on, we ca n adeq ua te ly 
grasp the emo t i onal context in \Ikli ch the ac t ion took pl ace (1 949 , 
p. 88). 

For Weber, mean in g has an objec tive or r at iona l COMponen t and a subjectfve 

or empathe ti c dimens i on. Simil arl y . Cool ey 's (1 926) def ; f1.i t ion of sta tis tical 

and empathetiC knowl edge , Znan i ecki' s (1 934 ) descr i ption of "vi car i ous 

experience " as a va lu able so urce o f soci olog lcal data, Soro!:1'n 's (1 93 7) 



conception of "10gico-mean1 ngful ll metho ds to explain 'casual-functional 

unities" and Mclver's (1942) a ffirmati on of "i maginative reconstruct lon, 1 to 

validate causes, support Weber' s thes is. 
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Gurv itch (1 942), Mer ton (1949 ) and Polanyi (1966), among others, suggested 

that peopl e 's ac ti ons can be i nt erpreted i n t er ms of causes (normative ideals 

or facts) wh i ch determi ned t hem , or the reasons peopl e have for them (actual ity 

or values). I f r esearchers concen t rate on ly on rEsponses to a given set of 

stimuli wi thout alternati ve 'n terpreta t 1ons of human affairs, they obliterate 

any gro unds on wh ich justi f1 ca tf ons for the ac t i on can be given or disputed . 

Of themselves normative heur )sti c s t r uctu res are empty, They antiCipate a fo rm 

that needs t o be f i lled (Lonergan, 1958) . 

Compl emen ta rity 's academi c base a l so incl udes psychology, where Maslo w 

(1954), All port (1 961) , van Kaam (1 969) , and Giorgi (1971), spec Hied that 

psychol og1 sts requ i re background understand i ngs to achieve appropriate 

interpretati ons of behav lors . To a ttain these understandings, qual 1tative datd 

are needed . Behav i or becomes datum on l y when its "relevant" aspects are 

measured, and exper i ence becomes da turn on l y when subjects mean ingfu 11y describe 

"rel evant,lI aspec t s of their s i tuations (Gi orgi , 1971). 

Al t hough compl eme'ntar ' ty has ach i eved academic rigor and credib ility In thp. 

soc i al sciences , its most substantia l groundi ng is in metaphysics, def 1ned as 

t he dr ive for knowl edge. From tha t dr lve proceed all ques ti ons, ins ' gh ts , 

formu lations, a nd judgnents (Lonergan, 1958). The research method correspo nds 

t o that dri ve t o know. It is a set of d )rect i ves which guides a process 

towards a r es ult (Lonerga n , 1958'. 396 ) . 

Correspond ingly, Bergson (1949), spec i f ied there are "tVIl) profoundly 

d iffe\~ent ways of knowin g a t hing . " The fi rs t impl ies moving around the 

object ; the second, entry into it . The fi rs t kind of knowledge stops at thf..' 

r ela t ive; the second, whenever i t i s possi bl e , to attain t he absolu t e . If 3 

socia l phenomenon i s e nvi si oned as a box the exis t ence o f an ins i de and a n 

outs i de comes to mi n ']. The in s i de a nd outs ide ar e mut ua lly de pen de nt, for t-he 

ex is tence of the ins i de pre-s upposes th e ex is t ence of an outs ide, vice ver sr'l. 

The in s ide consi sts of i ndiv i dua l s ' "Lebenswel t" (l ife wo rl d ) wher eas th e 

outs i de cons i s ts of gener al i zed un ders t and ing 0 f huma n acti ons he re i n re fe r ,"fa.:} 

to as "Umwel t" (externa l wor l d). Accordi ng to Sc hutz: 



If the soci al sciences ' aim is to explain social real l ty, then the 
se1 enti fic constructs on the second 1 evel, [Umwel t] too, must inc lude a 
reference t o the subjective meaning an acti on has for the act • • • • 
All scienti fi c explanations of the social world can and for certain 
purposes, must refer to the subjective meaning of the actions of huma n 
beings from which social reality originates (1973 , p. 62). 

Researchers study young drivers. When they do so, they should not only 

ana1yze the comp lexi ty of the young driver phenomenon by topographi ca lly 

charting the variables and empirical structures -- laws, patterns or 

prinCiples, but also they should mine the depth of human mean 'ng. 

COl4PLEMENTAR ITV: THE CONCEPTUAL FRJ'lMEWORK 

To clarify comp1ementarity, Bergson's Box has been modified according to 

:;he following illustration: 

Comple:rnentarity design of young driver study 

"Umwelt" 

'Lebenswelt' • 

Human 
behavior 

disCiplines 

Young driver 
report 

In the following description of complementaritj. givens are considered as 

general izations. They are the pillars of rational 'ty supporting the 

compl ementarity framework. 

General izati on l: Young drivers' everyday 1 ivE'.s or LE'benswel ts are 
composed of behavioral even t s \thIich follow contextual rules governing 
the describable properties of human action . 



Young driver s I Lebenswel t 1ncl udes t he 1r t h1nk1ng and ac tl"ng wi t hin given 

co ntexts (Dewey and Bentl ey, 194 9). Wh a t young pe opl e do , know, and beli eve is 

a function of the groups to wt11 ch they bel ong . th e1r backgro und ex peri ences , 

t heir though t mode ls, thei r i ntents and th e 'r partk ul ar i nterpr e tati ons of 

exper i ences ( Geertz, 1972; Laz lo. 1973). 

I n the Lebenswelt, young dr ivers' knowledge about driving is cyc1 1ca l and 

cumu l a t1Ve . It is cycll'c in that the 1r cogn )tional processes advance from 

everyday exper ience through inquiry and reflection to judgment, and rever t back 

to exper i ence ( Lonergan, 1958). It is 1roposs )ble for young drivers to de f ine 

their driving behavior in terms of anything but the1r "Lebenswel t" as it i s 

ex perienced by them , and as it )s interpreted by them to be rea l (Combs and 

s nygg, 1959) . 

Coroll ary 1: A primary goal of young dr 1ver research ie; to obtain 
or gan i ze d knowl edge of the young drivers ' Lebenswelt. 

Socia l t heor is t s such as Weber (1944), Br uyn (1966), and Gurvitch (1971) 

theor ized tha t peopl es ' nature cannot be comprehended fully by those 

methodol ogi es whkh rely solely upon sense data, logic and cntologies of 

mechan i srn (Bruyn , 1966). Researchers , there forp, shoul d concentra te on 

di scoverin g and ver ifying the ex )ste nce of yo ung drivers ' realities through 

the ir own mean 1ngs - - to gather data "that \'k! ' ch is g)ven" as feel ings • 

influences, fears , yearni ngs, d i s illus l'onments , relatio'ns, perspec t ives , a nd 

experi ences (MacLeod , 1964). 

Ge neralization 2: Yo ung dr ivers ' Lebenswe lt as a un i ty of everyday 
driving behavi or is hel d toge th~r by em pha tic encounters (Erl ebn i s ) and 
routi ne even t s 0 f practi ca 1 ac ti vi ti es (E rfah r un g) • 

The sum total of young driver s ' ex perl·encp.s forms a frame o f refe rence fOI" 

e veryday behavior s. Al though the fralT'e of r e fe rence i s s ufficien t ly integrated 

it becomes a focu s o f ques ti on wtl enever a hi ghly dr amati c eve nt i s 

experience d. The tak en-for-grante d becomes pr ob l emati c as th e typi ca 1 beco~s 

atypical. For the p ltpose of thi s paper thp. atypical is s igni fied as 

"Erlebnis" and t he typica l i s rep,resented as "Erfahrung." 

Coroll ar,l: "Erlebnis" or dramatic encounter s bring tO gf'-the r the 
young dr verse natures, meanings of the episode s , conduc t s, s t ructures 
of reas oning and perceptual apparatus . 



Er1ebnis is a dramati c experi ence lifted out of the young drivers' stream 

of life (Pal mer, 1969). It cor responds to Frank1's (1963) concept of 'neo­

dynamics, " Michiavelli' s (1 963) "ma n-i n-epi sodes," and Lof1and and Lof1and's 

(1980 ) "epi sodes. \ 
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Much like Cressey (197 1), who investi gated the impact that embezzleme nt has 

on the ell'bezzl er and the vi ctim, t ra f fi c sa fety researchers shoul d study the 

impact which injury-producing or fatal crashes have on the young drivers. They 

can then formu la te general sequences as to how dispara te tra ffi c experi ences 

are traversed by young drivers. 

Corollary 2: Young driver behav ior is associated with social patterns, 
routine acti vities defined by group norms. practical accomplishments 
and taken-for-granted reasons hereby 1abe 11 ed "Erfahrung." 

Young dr ' vers 1 i ve with people in a taken-for-granted world. Fundamental 

structures as cu l tura l . social or peer factors which infl uence experiences are 

not questioned but are lived through as seemingly natural and self evident 

condi tions of 1 i fe (Berger and Berger, 1972) . They comprise "Ehrfahrung" 

(Znaniecki, 1934; $chutz, 1962; 8e 1shaw, 1969 " Lonergan (1958) describes 

Erfahrung as an imaginabl e domain comprised of normal codes of actions. Un1es'; 

someth ing happens to interrupt a young dr ' vers I "Erfahrung," the everyday 

conditions are se ldom questioned. They represent Heidegger 's "domain of e Very 

man . " 

Generalization 3: Questionnaire i tems define yo ung drivers' socia l 
scenes in hypotheti ca l terms ~i ch assume that both the meaning of the 
proposi ti ons and differenti a 1 responses ar e invar iant to si tua ti ona 1 
interpretations of "real ity" and the young drivers' knowledge at hand. 

Young drivers' background informa ti on i s t he basis for survey data. 

Contained therein are the commonsense meani ngs the r esearcher employed to 

construct questions (C i courel, 1964). Al t hough items are designed to r efl ec t 

the kinds of typi cali ty t hat young dr ivers use to manage the ir da il y world, 

neverthel ess th e "forced" ch ar acter of r es pon ses r es tri c t s th e poss ihi1 ity th a t 

young drivers' percepti ons and interpre tations of the items will be prob1emat l c 

(~man, 1955). Soci al behavior is r educe d t o hypoth eti cal norms and 

attitudes. Surveys re flect an "Unwe1t" per spective because the items seek to 

mea sure young drivers ' values , a ttitudes. op ' nion s , norms and the like through 

fi xed choi ce struc tures, ign oring the emer gent , i nnova ti ona l and problemati c 

character of e veryday 1 i fe . 



The fixed-ch01'ce questionnaire features standardized propositions from the 

researchers' perspectives (Green, 1954). It provides a determl'nati on of 

frequency and d ~stribution of pre-defined young driver characteristics, and ~n 

out1 ine nf relation ships be twe en va rious yo ung driver aspects (Sander s , 1976 ). 

Generalization 4: Young driver behavior has some sense of order and 
un 1fb rm 11¥ from which pl ausib le genera li za ti on can be made and trends 
defined. 

From an ~lt pe rspe ct ive. young dr iver s as a group are defined by 

specific external charac teristics ga th ered f rom controlled statistical research 

(Ourkheim, 1951). The boundaries of defi n ~tion and the potential of the 

characteristics for exp la in ing the nature of young drivers are predetermined 

according to a rati ana 1 1z ati on of soc1 e ty and behav ior (Bruyn, 1966). 

Statistical and mathematical techniques are used to express uniformities of t hp. 

young driver phenomenon as they ill ustrate some consistency of character in the 

behavior of aggregates (Skinner, 1953). Other things being equal, the 

consistency of character is refined into trends which provide researchers wi th 

some predictive insight into future course of events. Projection of young 

driver behavior is achieved according to a pre-determined classificat ' on of 

analytic characters, as for example, in psychology (stimulus-response or 

aggression theory), sociology (alienation, socia1ization, 

institutionalization), educat ' on (cognition and pedagogical models), 

epi demi ol ogy (ris k-ta king) an d engi neer ing (pe r spicuity). Al though these 

d isci pl ines re fl ec t a use f ul reconstruct ion of events they oml"t conunonsense 

reasoni ng. 

Genera liz ation 5: The degree to which young drivers associate 
'tIimse lves with researchers on d ' scuss i on of thei r Lebenswe1 t depends 
on the degree to wh i ch the 'n terv iewe r app roaches or avoi ds a topi c. 

Corol lary 1: The r esearcher does not depict young dr ivers in terms of 
s truc'tiJral or s tati stica 1 dev ia ti ons f rom central te ndenr )es as 
so cie ty , soc ial order , socia l organizat ion and insti tutional behav io r . 

Often traffic s afety r esearcher s begin and conclude the i r s tudies from a 

social patholog ical per s pec tive whereby yo ung drivers are c o~idere d to he a 

prob 1 em. Such a pers pecti ve s tar ts wi th r es earchers hay l"ng unre fl ecti ve 

conceptions of values , unrea lize d s tandards and unique pa tter ns o f behavior. 

Data are ordered to bette r group the label, scope and characte r of devi a tion 

from the ori ginal conceptions. 
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K1ein's (1 972) label of adolescents as dev i ants . Shuster (1966 ) and 

Go ldste in 's (1973) conception of young peop l es ' dr iv ing betlav i or as symptoms of 

human probl ems, Levonian (1969). Fielding (l972 ) and Jessor's (1984) di s cussion 

of young driver behav ior as ant isocial and Carlson and Klein 's (1970) 

conclusion of young dr ivers as del inquen t exemplify the social patholog \ca l 

orientation whi ch is so typical of traffic research. 

An a1 ternati ve perspect tve on young drivers is that \t6tat may be humanly 

experi enced and cogni tively understood , shou ld be sought. Researchers shoul d 

envision young drivers as ind 1viduals who do not behave idiosyncratically. but 

rather act according to the canons of the context. Since behavior is the 

result of meaningful experiences , interpretations of reality and understanding,; 

of conduct, it i s necessary to establish the latter without pre-ordained 

judgments . Rather than ask the question , "How are young dri vers di fferen t f rom 

other groups? ' the questions should be, "How do young dr ivers use co lllOOn sense 

reasoning similar to other people? How do they structure thf'ir r eality , an d 

how does th 1s structuring lead to driving behav 10rs? What motivates young 

drivers to do what they believe is proper to do? How do yO lll g dr 'v ers ' 

co mnonsense act i ons and motives lead to a statist lca 1, demograph i c t rend?" 

Coroll ary 2: The interviewer shares in the l lfe activ i ti es and 
sentiments of young drivers in face-to-face discl osures . 

In social psych ol ogy, early theoret i ca l work suggests that self-di s cl osures 

are positive. Jourard (1 964) \'Irote that the opportun Uy for peopl e to r evea l 

personal informa ti on t o interviewers i s a s i gn of psychological heal th , a state 

which should be judged favorably. Further , Cazby (1972) beli eved th at pe r sonal 

reve' a ti ons oft en r educe un cer ta inty about di sclosures and that uncerta i nty 

reducti on i s pl easurabl e. 

To s upport the process of face - to - face inter views for unde r s tanding young 

drivers "Er1 ebnis,1I Wor thy, Gray and Kah n (1 969) concl uded tha t persons res pond 

favorab 1y to disclos ure about dramati c 1 H e si tua ti on s. .)our ard and Fri edman 

(1970) supported Worthy, Gr ay and Kahn' s views on di scl os ure by quoting from 

their empirical r esear ch. They s ugge s te d th at pe r sonal discl os ure about 

relevant 1 He events i s psychol ogi ca lly heal thy and soc ially bene fi c ia l . 

Therefore, properly trained in te rvi ewer s ar e ab 1 e t o ext r ac t pe rsonal acco It'lts 

about injury-producing crashes in ways tha t ar e bene fi cial t o th e r esearch er's 

and responden ts alike. 



Corollary 3: Small group interviews provide interviewees opportunities 
tospeak in colleagual group situatedness and they provide the 
interviewers opportunities for gaining a variety of shared and variable 
singular and group perspectives. 

Imaginative participation in smal l interview groups comprised of young 

drivers provi des the interviewers wi th opportuni ti es to gather group rel evant 

data (Schwartz and Jacobs, 1979). Veri fication between and amongst group 

parti ci pants' statements provi des a cl earer pi cture as to what is consi dered 

normative behavior of a cohort. Interviewers are both detached and active 

participating members, depending on the top'c and flow of conversation 

(Gumperz, 1970; Eastman, 1970). They negotiate the interviews to unearth 

maximum data abou t young drivers everyday 1 1ves and boundary condi ti ons wIli ch 

in f1 uence them. 

Generalization 6: A complementarity approach towards young drivers is 
sti"uctiJre,d upon the hermeneutic principle, continuity of analysis. 

Philosphers as different as James, Bergson, Dewey and Whitehead agree that 

commonsense knowledge of everyday 1 i fe is the background upon whi ch inqu iry ,·s 

buil t. As Schutz wrote: 

It is this lebenswel t, as Husserl ca 11 sit, wi thin wh ich, according to 
him, all scientific and even logical concepts originate; it is the 
social matrix within which, according to Dewey, unclarified situations 
emerge, \\tIi ch have to be trans formed by the process of i nqu iry into 
warranted assertibil ity; and Whitehead has pointed out that it is the 
aim of science to produce a theory wh'ch agrees with experience by 
expl aining the thought-objects constructe d by common sense through the 
mental constructs or thought objects of sci ence. For all these 
thinkers agree that any knowledge of th e world, in comnonsense think,·ng 
as well as in sci ence, involves mental cons t ructs, syntheses I 
generalizations, formalizations, idealizations specific to the 
respective level of thought organ izati on. (1973, pp. 57-SR). 

Attentive to Schutz's quote I a key concept of compl ementar 'ty is the 

principle of cont inuity between the young dr ivers I lebenswel t ard Umwel t . 

If understanding is taken as the conceptual l e itmotif, it i s possible t o 

trace the continui ty of understanding between Lebe nswp.lt and Unwe l t. In thf'. 

Lebenswelt, understanding is primordial, meaning that the young drivers I 

chaotic order is overcome and they may move about thei r business with 1 ittle 

difficulty. For example, teenagers' understandi ng o f a car is such tha t it 

enables understanding of all cars. There is a natural attunement t o the 

surrounding world so that items such as cars are no t enignas. 

10 
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A higher l evel of under sta ndi ng i s empa t hy (Weber , 1949; Bruyn, 1966; Abe1 , 

1974). For example I intervi ewers need to un der stand youn g peop1 es ' anxie ti es 

before adequately analyz ing the data (Strasser, 1963) . 

Wh en engaged in survey and aggregate data ana1ys ' s (Umwelt), understand ''''!} 

i s achieved when a causal explanation or emp l rica1 correlation is achieved, 
(Rudner, 1966). When researchers compute a coefficient of correlation between . 

for example, young drivers with traffic violations and literacy they almost 

iRll1ediate1y i nfer the existence 0 f a re1a ti on and they draw out its 

significance for the research problem as they order, break down and manipu late 
t he data. Th is constitutes understanding within the IUmwe1t" perspective 

(Ogden, 1923). 

One cannot forget that the thought objects wi thin the '\Jmwe 1 tU are founded 

upon the thought objects constructed by commonsense thinking of young drivers 

in their Lebenswe1t. Their understanding of the world and behavior wi thin it 

leads them to become statistics for empi r1 ca1 understand lng. For as Schutz 

wrote: 

Constructs of the second degree, constructs of the constructs are made 
by the young drivers included in the \r Lebenswe1t, whose behavior the 
empiricist has to observe and to explain w'th the procedural rules of 
his s ci en ce ( 1 973, p. 57) • 

IMPLEMENTATION OF COMPLEMENTAR I iY 

The comp1emen tari ty framework led to t he deve l opment of a methodol ogy 

faithful to Lundberg's (1939) assertion that "understanding is the end to whi c ll 

all methods aim, ra t her than the me t hod itse1 f. ' A methodology comprised of 

"open-ended and sma ll-group interv iews, " "questionna k e survey " and "aggre ga t e 

data ana'lysis" wa s used for a year- l ong study in Brit ' sh Columbia, Canada . 

To gain insight into the ''Er l ebn is '' of yo ung dr ivers i nvol ved i n injury ­

producing crashes I open-ended \nterviews were ac t iva ted wi th 130 drivers 

ranging fran 16 to 18 years of age. Through logisti ca l sup port from the 

British Co1uITDia Motor Vehicle Depar1ment, the Univers ity of Briti sh Co1umb'a 

Mu1tidiscip1inary Accident Investigation Team, and local poli ce detachments, 

130 young drivers were interviewe d. Ques tions were nego t iated around such 

central themes as, immediate and di s tant events \Ikli ch led to the acc ide",ts, 

interpretati ons of fault and blame, pu rposes for t he tr i ps , paren ta 1 awareness 



of trips, post-acc i dent reacti ons, dr iv 'ln g biographies, v iews of self and 

driving, relationships wi th rel evant others (as g1rll boyfrl'e nds, parents , 

friends, teachers an d employers ) , judgments on life features (as school , home 

and work), 1 ifestyl es t drinking and driving experiences t meanl"ngs of the car t 

(as displayed in usage, upkeep and sel ecti on) and treatmen ts received by 

authoriti es after the acci dent. 

12 

The taped interviews were edited, coded and transcribed . They were then 

analyzed according to characteristics found within the content of the 

transcripts, attitudi nal , motivational and behavioral reasons for produc ing the 

content, and their relations to group norms and social structures. The 

categories for analysis, estab l ishment of trends, and construction of 

relationships resul ted from careful analysis by two independent researchers . 

The smal l -group interviews, which were held to describe teenagers' 

IIErfahrung," consisted of 300 contacts with students, parents and driver 

examiners from t hree separate school districts representing urban, rura l and 

suburban demographi cs. 

In smal l groups of six and in a school setting -- usually a nursing or 

counselling offi ce or an empty classroom -- 200 students enrol led in grades 10 

to 12 met with in terviewers to discuss a variety of 1 ifestyle and dr ivi ng ­

rel a ted i ssues such as expecta ti ons of 1 i cens ure, driv ing patterns, common 

violati on s , the law, l ei sure activiti es , alcohol consumption, social/ commun i ty 

influences, parents and peer pressures . 

School district approval to condu c t th e inte r Views was obtained through 'the 

superintenden ts of school s. Once permi ss i on wa s granted, further approval to 

do in- school r esear ch was gi ven by s chool pr inc ' pa 1s. Interv,'ew arrangements 

were handled by each school' s co unsell ing s taff. 

Al so, 90 parents wi th chil dr en aged 14 to 18 were contacted . Some of the 

parents had their children intervi ewed in group d1scus si ons whil e oth er s did 

not. Ten Motor Vehic1 e Department driv er examiner s ~re interviewed between 

examination appointments. After a prom,"se of complete an onymity th e e xamin er"s 

discus sed teenagers' behav,"or, pe r formance and train1ng in an examinati On 

environment. 
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A sociologist interpreted the audio-taped data and field notes according to 
the properties of expression W'iich are contingent on young drivers 

accoq>l ishments of organized everyday 1 i fe (Garfi nke1 , 1967). More preci se1 y, 

categories of interpretation sought by the analyst consisted of, If taken-for­

granted features of driving, 11 "of-course assumpti ons in f1 uenci n9 driving." and 

"views of student life that serve as practical reasons for ddving behavior." 

The first COfl1JOnent of Unwe1 t was a questionnaire survey. In all, 1,368 of 

full-time students enrolled proportionally in grades 10, 11 and 12 were 

samp led. The student sampl e represented British Colurrt>ia geographic and 

demographic variabl es. The questionnaires probed students on a variety of 

driving-related issues; requested students for information on 1 ifesty1 es, 

1 icensure and establ ished dr;ving behaviors; instructed students to rate safety 

of driving practices and conditions; and asked students to indicate their 

relationships to cars. 

The final set of "Unwe1 t" research was comprised of in-depth aggregate data 

analysis. An accident database was constructed using statistics from po1ice­

reported injury-producing accidents occurr'ng 'n 1984, matched w'th related 

information on claims and driver records. A sample size of 21 ,000 young 

drivers in acci dents was found. 

A separate fi 1 e on in formati on gl eaned from coroners I reports by the 

Ottawa-based Traffi c Injury Research Foundati on was a1 so employ(;!d, a1 though the 

small sample size of 89 fatally-injured young drivers (matched with c1a'm and 

accident files, etc.) severely restricted its potential. Resu l ts (compar ' sons ) 

based on numerical differences which were signif ' cant at the 5% level or better 

in chi square analysis were noted. 

The described research methodology provided a broad range of find ' ngs . Oue 

to limited space only those findings related to "caution , ' ' drinking and 

drivin g" and "r isk 11 a re reported. 

FINDINGS 

Caution 

A prominent theme in psychology is that individual percep t ion of experience 

demonstrates behavior (Thomas, 1979; Cohen and Lazarus, 198 1). Concerning the 



young driver research, a theme of note was the extent to whi ch young dr 'ivers 

perceived themse lves as cauti ous drivers. 

Seventy-fi Ye percent of the teenagers invo 1ved in injury-producing crashes 

consi dered themselves as cautious dr,'vers. Wi thout coaxing from the 

intervi eers, caution was defined by specific behavior, by specific situation 

or by degree: 

Cl) I'm always shoulder checking ••.. 
(2) Very cautious, cause I'm always looking around like even on a 

straight stretch ••. make sure where the POSitions of the other 
cars are . . . • 

(3) In the morning I'm cautious but when I'm on errands I'm 
aggressive •..• 
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(4) Yeah, I am, but when I don It foresee danger I I m not cauti ous, and 
some young drivers defined caution •.•. 

(5) I do n't drive that cautiously .•• just enough. 

When asked about the respons 'ib fl i ty of the acc )dent , a predominant 1 ine of 

reasoning used by 66% of the interviewees was that the acc 1dents resu1 ted 

because of the other driver. The teenagers were, "going forward with caution," 

"passingwith care," "just making a normal turn," or "looking ahead," when the 

other drivers made "sudden," Ilunex PEtted," "unsafe" or "illegal" driving 

maneuvers like "slal\1T1ing their brakes," "weaving on the road," "speeding," 

"pas.~ing illegally," "suddenly turning," ' runn )n g a stop sign or red 1ight,1I or 

,lnon-signa1ling." However, 30% of young drivers said that they were exp1 iCit1y 

enga1ged in suspect behaviors such as "speeding," "playing games on the road, 11 

"operating fau1 ty equiJl11ent,1I "misjudgin g distance between cars, 11 and "giving 

insufficient attention to driving.ll Some blame was transferred to conditions 

young drivers perceived to be outside of their realm of control. They "just 

di d not see ll the other car. 

Further querying by the interviewers resulted in additional data. For 

example, immediately before the crash 50% of the interviewees were 1 istening to 

the radio or cassette player. Of these, 12% of the young drivers said that 

their dr iving was ser i ous ly influenced by music. They were ' s ing ing a l ong, lI 

"listenin g to rea l loud mus ic ll or IIchanging rad 10 sta ti ons .1t As a res ult they 

"were jus t not paying atten ti on to driving. 11 

A second predominant 1 ine of reasoning aris in g from the di scuss i ons was 

tha t 30% of the young dr ivers were talking to the i r passenger s i mmedia t el y 

befor e the crash. Of this group, 18% linked ta lk i ng with the acc i dent. These 



r espo nses came later in the ' nterv ' ews. They were not direct respo ~es to the 

ques ti on On ca uti on. 
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Further, a majority of young drivers expressed that they feel comfortab le 

driving. However, \llten discussi on continued. young drivers expl ained that they 

feel comfortable driving. except. • •• The exceptions were weather, other 

drivers. traffic, left turns and intersections. Uncomfortable weather 

conditions were snow, wind and rain in combination with wlnd . darkness and rush 

hour traffic. Heavy traffic got some teenagers "worked up," "exc 1ted ll or 

"frustrated. 11 

During the "Erfahrung ll interviews, teenagers expressed that they exceed the 

speed limit and drive unsafely. However, they reasoned their present driving 

style as representative of behavior "for now," or applicab l e only while they 

are young. As they settle into "more mature ll styles of adul thood their driving 

practices will change. Overall, the responde nts considered themselves to be 

good drivers and "cautious enough." 

As in the Erlebnis data, once interviewees were questioned about 

uncomfortable driving conditions normative descriptions arose. Although good 

drivers have no fears and are fully confident of all driving conditions . 

a follow-up 1 ine was the ,~dmission that some driving scenarios are scary . 

To avoid bein g teased, s corned or l abell ed a coward, teenage boys admitted 

to being "scared sti f f" ~il e driv ing dur i ng poor weather condit l ons and 

through risky in tersect i ons . Never thel ess , t hey acknowledged to taking chances 

so as not to stray from ~at i s expected by others and thought to be normal . 

The most conmon s t rategy fo r con cea l i ng i nappropr idtely-cxperienced fear's 

and anxieties about par ti cul ar mo t oring c lr cumstances is to act in ways thd t 

suggest their non- exi s ten ce . In oth er \\()rds , one merel y ente r s the 

circumstances as i f nothin g was wr ong. The i ni ti al anxiety about the 

circumstances is compounded by having to actually be in th em. It ' s further 

compounded by having to be in them under ex treme conditi ons of eXPre s s iv ~ 

control, i.e., without revealing that th er e is anxi e ty in th e fir st place. 

Consider the following: 

Thi s boy received his licence during the skiing season. Within week s . 
it was his turn to drive hi s fri ends to Whi s tl er for a day o f sk iing . 
III wa s a wreck when we got ther e ," he sa id. III'd never dri ven on the 



highway before and I'd never driven in snow. And al l the whl·le I had 
to be cool." 
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It should be noted that concealing fears and anxieties by act)ng in ways 

that suggest their non-exfstence is not only the most common strategy, it i s 

also potentially the most dangerous: it guarantees that teenagers wi ll enter 

motoring circumstances that they perceive as demanding beyond their competence . 

That they enter these situations in the first place is not wholly 

attributable to peer expectations. As the fo l lowing example indicates. parents 

play a role as well: 

As soon as he got his licence, this bOY 's parents demanded that ne help 
out with the family driving chores by transporting his younger sister 
to her twice-weekly music and theory lesson in West Vancouver. This 
was not something he wanted to do, as it involved "driving over the 
bridge" during the evening rush hour -- the·se "bothered" him. For two 
reasons, though, he felt he "had to." Firstly, this helping out was a 
condition of further use of the car to pursue his own interests and 
bus iness. Secondly, if he expressed any lack of confi dence about 
driving he felt that his parents might only allow h'lm to drive lIunder 
superv is ion. " 

Being seen as a good driver involves more than keeping fears, anxi e ties, 

and perceived incompetence invisible; there is a display component to it as 

\'lel1. Time and time again teenagers, especially boys, told of how being in 

control was central to driving com for tab 1y. Furthermore. they indi ca ted it \'Ias 

how you could tell a driver was in control. Being comfortable dr lYing denotes 

being a good driver. And being a good driver means be ing able to turn corners 

without having to visibly slow down, driving with one hand and being ab le to 

perform certain stunts 1 ike 180-degree turns. 

When teenagers' views of themselves as dr 1vers were pl aced wi thin an Unwel t 

pers pective, it was noted tha t 61 % of the 11 cenc:;ed s tu den ts d greed wi th the 

statement, "compared to most people I know, I am a cautious ur iver." A chi 

square analys is between mal es and fema1 es sho·\rEd no si gni fi cant difference 

be1ween group res ponses (p 1 ess than .05) . 

The survey also supplied stat ' stical support for the teenagers' nortlat ivp.. 

desire to associate with friends. Of the li censed respondents, 58% marked that 

they usua11y drive with their friends while cruising the streets. Thirty-on(l. 

percent of all students answered that they often cruise wi th friends, one of 

whom drives. Furthermore, 65% of al l respondents bel i eved that driving ili th 



fri ends i s sa fee The re la t ionshi p between passengers and increased ri sk s of 

crashes was not recognized by the majority of students. 

An analys i s of the British Co lun'bia accident data base provided a 

statistical per spect ive on the contr ibut in g factors related to young dr iv er 

accidents. As outlined in the Lebenswel t descriptions, although young driver; 

consi der themselv es to be cauti ous and good drivers, neverthe1 ess they are 

uncomfortable i n certain driving scenarios . According to survey resul ts, they 

recognize the potential danger, but as di scussed in the group interviews, for 

group behavior reasons they tackle the dangers without visible signs of fr i ght 

or hes ita ti on. 

A major pol i ce-reported contributin g factor in young driver acci dents was 

'we(lther, " both as a singular and as a related factor. Only 30.8% of the 

survey respondents answered it was "safe" to drive in the rain, while on ly 9.6% 

felt it was safe to drive in the snow. The province-wide data analysis 

revealed th at 24.4% of young driver acci dents occurred during poor weather 

conditions such as rain and snow. 

Female young drivers had slightly more proo1ems with weather than mal es, 

Wi th 25.9% of their accidents occurring during bad weather condi tions ( rain t 

snow, hail, fog, etc.) as compared to 23.9% of the males. An examinati on of 

'weather" as a police-reported factor, which contributed to accidents , 

produced a more s i gnificant differential: 8.3% of factors assigned to femal e 

young drivers were '~eather" as opposed to 6 .2% for males. No signifi cant 

di fferences in involvement were found between the 16-18 and 19- 21 age grou ps. 

When driving experi ence was care fully examined it was no ted that young dr iv ers 

with less than 12 months' dr 1v 'ng experien Ce had t>8.4% of their accidents under 

adverse weather condi tions -- a level somewhat greater than the average of 

23.7% for those w1 th more than two years ' experience. 

While, on the Wlole, 24. 4% of young dr1ver accidents happened under po or 

weather conditio'ns, 37.8% of those young drivers \'/ho wer e charge d foll owin g th e 

acci dent wi th s peed-re1 a ted offences were inv olved in acei den ts in bad wea th er 
(of the 37.8% of young drivers, 45.1% of those we r e char ge d with "speeding ton 

fas t for conditi ons " ). For young drivers judged to be at faul t in an accident 

whi ch occurred in poor weather, unsafe speed was ci ted as a contr i bu ti ng f actor 

in accident causation 14. 4% of the time but , for those not considered to have 

caused th e accident, unsafe speed was only cited 13.1 % of the t ime. 



Based on the s urvey fi nd ings , students generally bel i eved that passenger's 

were safe. This belie f was not cons 'stent with the aggregate data. An 

anal ysis of cor oner fil es showe d that fo r 89 fatal accident-involved young 

drivers , the avera ge nUnDer of passengers per vehicle was 1.06. Comprehensive 

review of the Brit i sh Co1unb ia Accident Data Base provided a fUrther 
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e1 uci dating view. Younger drivers (16 to 18 years 01 d) had an average of .94 

passengers per veh i cle and 22.1% o f the vehicles carried two or more 

passengers. For t he older drivers (19 to 21 years old) the figures were .69 

and 15.3% respectively. Female young drivers 'In the 16 to 18 age bracket had a 

slightly higher average nuni>er of passengers per vehic1 e (.96) than males 

(.93). Younger teens carried more passenge rs per vehicle in a crash than older 

ones. Further, dr iving experience affected the number of passengers in cars . 

The avera ge nunner of passengers carried in vehi cl es driven by young drivers in 

acci dents generally decreased wi th i ncreased driving experience, from 1.00 for 

those with 0- 1 years of experience, to .75 for those with more than two years · 
~ . 

driving experience. 

Based on IIlebenswelt ll findings, young peop l e dri ve wi th friends to IIcruise 

at nights, 11 and visit or attend socia 1 events/parties on weekends. Prov inc ia 1 

statistics ge nera lize these themes. In daylight conditions there were .68 

passengers per accident- involved vehicles. This rose to .76 under dawn/dusk 

conditions and to .97 at night (darkness) when cruising and parties 

predominate. Also, weekend acci dent-involved young drivers carried more 

passengers (.95 per veh1c l e) than those l'nvo1ved <l1 weekdays (.71 pet" vehicle ). 

Or i nk in 9 and Or i v i n 9 

Because a promi ~nt t heme in t ra ffi c sa fety 1 i tera ture i s th a t yo un g 

drivers are over-represented by popul a ti on l'n al coho l- rel ated acc i den t s , the , 
cO l1l>lementari ty research addr esse d t hi s ma tter . 

The IIEr l ebni s " intervi ews r eveal ed that of the young dri ver s involve o in 

injury-producing crashes , abo ut one - quar ter of t nem cha r acte riz ed pa rt;y 

attendance as "some t )mes. 1I No regul ar a ttendan ce rout ine was establ i she d. 

Rather, the interViewees characte rized their par tying as 'on occas ion,lI "once 

in a while,lI lithe odd time, ·· "some ti mes , 1I "once a mon th or so," IIf or spec l a l 

occasions. 11 Events such as sports , movl'es , famil y events , gp-t-toge thers , a nd 

vis; ts wi th fri ends were deemed more important than party ing. 
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Young people do drink a lcohol at parties but there appear to be common­

sense control mechanisms. Many of the teenagers involved 1n injUry-producing 

crashel; indi ca ted that they mon; tor their al CQ1 01 consumpti on. They keep 

within self-defined limits or restrict themselves to certain liquor 

classifications such as beer and w1ne. For example, they don't drink enough to 

liS crew them up," "make themselves sick," or 'wipe out their bodies." Others 

"just 11 drink wine or beer. They assumed tha t beer and w1ne consumpti on is 1 ess 

dangerous than hard 1 iquor. By prefacing thei r choice of 1 iquor wi th the word 

"just" (e.g., just drink wine and/or beer), the young drivers attempted to 

devalue the significance of drinking a speclfic gener'c 11quor . 

Similar monitoring themes were found "*'en small groups of students 

discussed their general behav ior at part1 es. Some students 1n grade e1 even and 

twelve watched their drinking because of past experiences when they became 

"sick,1! 'passed out," or "couldn't stand up." like the "Erlebnis" 

interviewees, drinking "only" wine and beer was considered to be less severe 

than other drinks, regardless of volume. 

Further, it was found that partying was re1 ated to age. Grade ten studen ts 

(15 to 16-years old) who partied regularly did so because there "was little 

else to do." According to them, one could attend a party 'whenever one 

wants." 'News spread around the school" \\tIen someone was having a party t so 

sometimes more peopl e turned up than were invi ted - and someti mes 

spontaneousl y. The major reason for partying was the lack of facilities or 

meaningful events planned for them in their conmunities. 

Once students entered grade ten, previous activi ties wer~ now interprett".d 

as 'borin g" or "not wi th it. 11 Grade ten appeared to be the pi vota 1 point for 

"getting into t he party scene" because they were "too young" to party in grade 

nine. Now i n grade ten, they were more 'mature," and more accepted by 01 der 

cl assma t es. 

Grade el even is a mediating year. Al though consum ' ng a l cohol ci t par ti es 

was still preval ent, more students had boyfriends or girl fr;~nds , res ul t lng in 

less elll>hasis on partying. Other forms of recreation such as movie at tendance, 

eat ing out, and sports partiCipation became more important. 

Metaphorically, grade twelve is the last way-stat lon before students ente r 

adulthood . For some, partying was lIonce a bi g deal. 11 Now, they were mo re 



concerned about studying, work ing part-time , finding a job or going steady. 

Although they fondly remembered when they attended "raunchy" drinking parties , 

they now viewed themselves as having IIsettled down." 

In the survey it was found that 40% of the survey respondents answered 

"a1ways It or lIoften" when asked whether they attend parties on \'Ieekends . 

However, when students prioritized weekend activities, visi tl'ng friends, 

da Ung, and pl aying sports, they were ra ted as JTlore important than partyiflg . 

The analysis of the British Columbia accident data base showed that 
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drink ing and driving amongst teenagers is not as frequent as wi th dri vers ovel~ 

twenty-one years old. For the 11.1% of young drivers (16-21 years) charged 

with alcohol-related offences as a result of accidents, 79.l ! of the crashes 

occurred at night and 16.9% occurred during daylight conditions; overall, 54.1 t 
of all charges laid were in daylight, and darkness rated next with 41.5%. 

Fifty-eight percent of all drinking-re lated charges to young drivers arose out 

of weekend (as opposed to week day) acc ' dents even though on 1 y 32.9% of all 

young driver' accident-involvements occurred on weekends. This indicates that 

drinking-driving is predominantly a weekend , n ' ghttime phenomenon. 

For drivers over the age of twenty-one, 15.3% of those drivers involved in 

an injury-producing accident were charged with drinking and driving-related 

offences · As not ed, drivers 16 to 21 years old have a lower al cohol-related 

offence record (11 .1%) than dr ' vers ol der than 21 years (15.3%). 

Risk and Dr in k1n 9 Drivin g 

Bett er understanding of risk and drinking and driving is J?ossib l e th r ough 

the IIErfahr ung 11 and "Er1 ebnis" l'nterv i ews and the survey. 

When students in small groups (Erfahrung) di scussed the ' r genera l behavi or, 

t hey poin te d out that parents We re t he prfmary source of the ir expos ure t o 

impal'red drfv1n g. For exampl e : 

After a dfn~r with some rel atives (much a l coh ol was con SUMed) ny 
family and I Were driv en home by my fa th er, who \,/as impa ired. 
Wh en he 1s this way he usually l et s my mothe r dr 1ve , hut she Was 
pre t t y impa ire d t oo , probabl y wor se th an him. 



The family was out to visit friends. Dad had quite a bi t to drink 
and mom can't drive. We had no other way of getting home so dad 
drove. 

One t i me I went to dinner wi th my aunt, uncl e, and cousins , to a 
restaurant about an hour's drive from home. MY uncle, the driver, 
had way too much to drink -- a few Scotches before di nner, lots of 
wine with, and a Spanish Coffee after . He drove us home, even 
though he was in no condition to, and we're lucky we didn't have 
an acci dent. 

The choice to expose oneself to the risks of travelling wi th an impaired 

parent was made because to choose otherwise would be disruptive of normal 

rel ati onshi ps. If they decl ined, students woul d "never hear the end of it," 

"be in big trouble," or, worse yet, they would ll get killed" or "grounded.
1I 
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Few students said they would phone home for a ride after ddnking. For 

them, it was a case of a risk preferred to a certainty. If discovered, parents 

would certainly punish a teenager for ei ther drinking or being with the wrong 

crowd. The resu1 t may be degra dat ~ons I curfews, groundings, restri cti ons of 

association with friends, long l asting suspi cions, removals of privilege to use 

the family vehicl e, or even banishment from the home (religious families). For 

some students, phoning home would not enhance a student's reputation with 

friends. Several students spoke about phoning home for rides after parties. 

They characterized this as a mistake because their parents no longer trusted 

them. All had the i r activiti es res tri cted considerably. Instead of phoning 

home for a ride, call ing for a taxi or walking home, the preferable alternativ e 

was riding with a drink i ng driver. Whil e i mpaired, some students drove through 

circuitous back all eys or seldom-used streets in order to get home ' safe l y" 

(Rothe and Coo per , 1987) . 

The students i ndicated that parents , a1 though "out of touch, " set down 

rul es to protect them. Because few teenagers considered the rules reas onabl e , 

ski r t i ng them requi red s t rategy. For examp l e , to avoi d detecti on , some 

s tudents ens ure d they brought the car home after dr i nk ing 1 iq uor. Comin g home 

without the ca r would prove to oarents th ey had been drink ing; a r ealization 

they wanted to avoid . So they return by the desi gna ted hour, often in an 

intoxicated heighten ed emoti onal sta te r ath er than "sleep it of f ," IIhav e a cup 

of coffee," or "walk it off . 11 Students assessed tha t parents wou1 d alrea dy be 

asleep or they would not ge t out of bed to greet them late at n i gh t. Thu s , th e 

next morning their par ents would no t suspec t t hey had been dr i nki ng and driving. 



The majority of young drivers Wlo were involved in crashes ("Erlebnis") 
suggested that parents knew only generally of their whereabouts. They knew 
their chi1 dren were "at work, 11 "out." "around" or "at the game, 11 but they di d 
not knOW "exactly what they were doing " or who they were wi th. Consequently, 
parents did not know if their chl1 dren were drink ing a1 cohol . 

When interviewed, parents enunciated a code of rules based on the 
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ubiqui tous effects of proper conduct. One such ru1 e was that parents want 
their children to know they are being cared for. So, they expect their 
children to call home rather than drink and drive. Parents expect their 
children to realize that even though they may not be happy about them drinking, 
parental care and trust overrides this unhappiness. 

A group of parents exp1 ained that during family discussions chil dren were 
instructed not to drink and drive. Instead teenagers were advised to phone a 
taxi or ask parents for a ride. The consequences of following this advice, 
however, differed amongst the parents. For example, some parents did or would 
punish: 

1. If he were to call home because he were drunk and couldn't drive I 
wou1 d pi ck him up. I woul d be glad al though I woul d have to have 
a serious talk about his behavior and I think I would have to take 
the car away for a while because he showed irresponsible 
behavior. He must learn the seriousness of dOing something like 
that; 

2. I've never seen her drunk. If she dl" d ca 11 me she knows I won 't 
be happy about it but I woul d rather she called me than drove 
home. I would punish her if it happened a lot but prooably would 
not on the first time. Everyone can make mistakes; 

3. He only called once because he was too drunk to drive home. I was 
really furious with him and grounded him and he was not allowed to 
use the car for a month. 

Some were, or would be, mad without punishing: 

1. She has called because she has been too drunk to drive home. I 
was angry about it in one way but really glad she called. I was 
mad but didn It punish her. She k.new it was wrong because she had 
responsibility when she took the car. 

2. I would pick her up or at least have her take a cab and I would 
pay for ft. I would be glad she phoned. 

Some would be unhappy: 



1. If she phoned in that situation I woul d be rel ieved that she 
cal led instead of trying to get home. If that happened she know s 
I woul d not be very happy about it. 

Some would be instructive: 

1 • She has never phoned because she has been too drunk to drive 
home. I would be surprised if she did. I would either pick her 
up or instruct her to take a cab if that situation ever came up 
again. 

Some woul d be refl ective: 

1. If he ever found himself in a spot like that I wou ld certain ly 
hope he'd phone or take a taxi. I guess we Ire not that good an 
exampl e because we Ive both driven after drinking a bit. 

J\ count of responses indicated that the majority of parents would pun i sh . 
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Teenagers calling parents for rides home lived with the guarantee of 
unfavorable outcomes. Yet, by call ing home, young people adhere to the l aw and 
SOCially res ponsible behavior. Rather than appraising a request for a r ide 
home as responsible action, parents usually interpreted it as proof of bad 
behavior such as drinking, partying, or hanging around with a bad crowd. As a 
result, punishment! Hence. the teenager's rule of taking risks to avoid 
certain p!lnishment was based on reasonable commonsense assumptions. 

Nearly all s tudents fntervie\'1ed in sma ll groups related that they had been 
intoxica ted, some to the po i nt of "falling downll without thei r parents knOWin g 
abou t it. Furth er, nearly all teenagers had been exposed to im pa ired driving 
as passengers , generally in the process of getting a ride home afte r a party . 
Thi s was not someth ing they wanted parents to d 'scover. Studen t s de fen ded 
these ac tions as , III'm an experienced drinker and know my limi ts ," "If I di dn't 
ge t my parents I car home I 'd be in deep trouble," "I 'd better ge t home on t ime 
or el se I ' d be in real troub le," "There is no other way to ge t home (parties in 
di s tant muniCipalities ), 11 and "Many of my fr ' ends have drf ven home with no 
pr ob 1 em. " 

Fran a provincial perspective , ques ti onnai re findings showed that 70% of 

the young re spondents agree d that parents · shoul d accept the fact tha t young 
people drink alcohol before they are l egally allowed. 11 Further chi square 
analysis by gender illustrated tha t more boys (75%) than girl s (65%) agreed . 
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The obtained chi square = 28.77, degrees of freedom, 4, was significant at 

better than the .001 level (p = .000). By grade, more grade e leven respondents 

(77%) agreed than did grade twelve (68%) or grade ten students (67%). The 

obtained chi square was significant at better than the .01 level (p = .0059) • 

DISCUSSION 

Whil e the data gathered in the l1Iwel t perspective provided a topographical 

description of re levant themes, the Lebenswelt descriptions resulted in 

e'veryday accounts of behavior much of which 1 ed to involvement in acci dent 

statistics. Of interest is that: (l) young drivers portrayed themselves as 

cautious, (2) their definition of caution was not related to the'r definition 

of the accidents, (3) in-car actions such as talking to passengers and 

listening to II1Isic just before the crash were not originally considered as 

factors for the accidents (4) responsibility for the accidents was assigned to 

the other drivers and (5) good driving meant tackling fearful driving 

situations and making it appear as competence. 

Partying, after which much driving is done, particularly in grade ten, ' s 

influenced by social acceptance, site, and age. Needing to be accepted by 

older students, growing out of grade nine activities, and experiencing a lack 

of communH~y organized events for teenagers, contributes to increased partying 

and alcohol consuJl1)tion. In grade twelve, partying, drinking, and drinking and 

driving tends to decrease, because older students (17 to 18 years old) are more 

1ncl ined to "monitor" their drinkin g , study for examinati ons, work part-t ' me, 

or go s tea dy wi th a partner. 

Deciding to expose themselves to impaired driving may be seen as a strategy 

young people employ to accomplish the concealment of information that might 

erode parents' view of them as good children. As a routine of social order , 

young people suspend the knowledge of the dangers of drink ing and driving, and 

prefer to take the risk of an unfavorable outcome. Not dOing so guarantees 

parental punishment. 

"Getting home" a fter a party was a prominent document of students ' 

con fonni ty • Getting home wi thout the car a ttenua tes the 1 ike 1 ihood tha t 

parents will discover young people's deviant engagements. Asking for parental 

assistance to get home introduces certain consequences such as future 

restriction on associates, denial of access to car, or the levy of curfews. 
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Parenta 1 responses verify students' cl aims. Most parents will punish their 

chil dren W1en or if they ask for hel p to get home a fter consuming al cohol . 

Al thou gh students could make appropriate legal and social decisions about 

drinking and driving, they will still be punished for drinking liquor. On a 

rational basis students make the wrong decisions for what they perceive to be 

the right reasons. 

CONCLUS ION 

Young driver research left entirely to statistical analysis withi n the 

hypothetico-deductive do main brings with it dangers of te1elogical definiti ons 

whereby young driver behavior is characterized as a phenomenon comprised of 

natural processes inherent in age, psychological characterization or 

epidemiological design. This leaves little interest for discovering young 

drivers' perceptions of realities and how these perceptions relate to behavior. 

It should be stressed that young drivers' interpretations of the 

"Lebenswelt" are social constructs and are not merely idiosyncratic beliefs. 

The validity of their orientations is not of primary concern. Rather, 

attenti on shoul d be paid on how their views influence behavi ors that may resu1 t 

in traffi c mi s fortune. 

The comp lementarity approach to young drivers i s intended to give credence 

to the ins i de (leb enswel t) as it relates to the outside (Unwelt). The cOnOined 

i nformati on prov i des a holistic portrayal of t he gr oup. A football coach is 

qui cl< to pOint out that many el ements are necessary f or the team to be 

successful . To arrive at better stati stica l achi evements (win and loss 

records ) the coach must understand, mo tivate, di rect and quantify. However , 

before he can successfu lly direct new strat egi es and quantify statistical 

improvements he wan ts to know players' commi tments to the game t their 

willingnes s to work with other players, th eir lifes tyles, expectations, 

feelings of confidence , levels of skill and natural game intelligence. So it 

is with young drivers. Before intervention s trategi es ar e produced to decrease 

the null'ber of accidents , the researchers and educa tors need t o unders tand young 

drivers' percepti ons, normative acti on s , re1 ati on shi ps, in t erpr eta ti ons, 

beliefs, social influences and biographies. Complementarity was devel oped t o 

enhance this goal. 
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RISK EV ALUA TION 

Hel~ne FONTAINE 

Institut National de Recherche sur les Transports et leur Securite (INRETS) 

The r~search for risk factors and quantitative evaluation of their significance is the basis of 

road safety action. It calls for the identification of factors that typify vehicle-driver-environment 

groups presenting abnormally high risks. These may be evaluated in different ways, each one 

having features that must be identified. The present study concentrates on the etiological concept 

of risk, i.e. that which expresses a causal relationship; the risk will be evaluated by means of two 

different measures of risk exposure: distance travelled and driving-time in order to highlight the 

consequences of choosing a particular measurement, and the effect of the driving speed. We wilt 

show, through the analysis of the speed of young drivers and male drivers that different 

interpretations appear, according to how deeply we go into the detail of the data used. 

1- MEASURES OF ETIOLOGICAL RISK 

Risk can be expressed in a probabilistic or etiological form. The probabilistic risk is an 

accident rate. It is an individual average risk defined for a vehicle-driver group as the number of 

involvements in accidents of that group, divided by the corresponding exposure value for the 

same group. Involvement in an accident and exposure to risk can be considered in terms of the 

various "driver-vehicle-environment" combinations which exist whatever the whereabouts of the 

network or period considered. This accident rate varies according to the definitions selected fo r 

exposure to risk. In studies of road safety, exposure to the risk of a road traffic accident is usuaUy 

defmed in terms of the number of vehicle-kilometres travelled. 

Observation of a high average accident rate requires special studies for closer evaluation of 

the part played by certain factors presumed to be contributory. These are risk studies. Having 

establiShed statistically that the relationship between accident occurrence and the presence of one 

or more variables cannot be attributed to chance, the logic of that rela.tionship may then be 

analysed; this brings causal reasoning into play - as a complement to statistical analysis - thereby 
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indicating as a cause, or rather probable contributory factor, such and such a variable or 

combination of variables. Then we consider the growth of average individual risk, more or less 

attributable to a particular factor that is supposed to be the cause of the growth, thereby accounting 

for the ctiological concept of risk which may be expressed in terms of the relative risk o r fraction 

of attrib I1table risk. 

1.1 Relatiye risk 

2 

This is the ratio of average accident rate in a population concerned by the contributory factor 

under study to the average accident rate in a population not concerned by that factor. 

In other words: 

PI : total number of drivers concerned by the factor being studied, 

P2 : total number of drivers not concerned by this factor, 

Al and A2 : number involved in accidents respectively in populations PI and P2, 

A : total number of involved in accidents, 

a 1 and a2 : the corresponding percentages, calculated in proportion to the total number of 

accident involved, A 

E I and E2 : measure of exposure to risk of the two populations, 

E : global measurement of exposure to risk of the two populations as a whole, 

e 1 and e2 : corresponding percentages in proportion to E, 

A and E shoUld correspond to the same period and networko 

The average acc)dent rate among drivers featuring the factor under !\ tUdy is: ~: = :~ * ~ 

The average accident rate among otheTdrivers i s A2 _ a2 * A 
E2 - e2 E 

The total number of involved IOn accidents, A , is gener411 y well known, but the total 

measure of risk exposure ,Et is more difficult to estimate. The relative ri sk, r, eliminates these 

tennS". 



This relative risk uses population P2 as a reference population. If the total number of 

vehicles-drivers on the road is used as a reference population, the relative risk for popu l1 f~n p} 
al 

would be: et' 

1.2 Attributable risk fraction 

3 

The attributable risk, AR, is the part of the g bbal risk that can be linked solely to the factor 

under study and not to the others , I t is defined as the difference between the accident rate in 

populations PI andP2: 

This. indicator is difficult to obtain insofar as it include'i total values of involved in accidents 

and exposure, A and E, in the population as a whole. It means bat vehicles-dnvers are 

characterized by a whole variety of factors other than t ~ one under study. Thus jf the average 

accident rate in population P2 is ~i, we regard this p~ of the acc'tien trate in population Pt as 

being due to the other factors, Only the difference can be attributed to the factor unde r study. 

Accordingly, the result of the calculation is a real rate. 

In most cases the attributable risk can only be calculated by means of rough estimates of the 

total values of accidents and exposure, A and E. It is lteferab e therefore to use the concept of 

attributable risk fraction, f, which is the ratio of the attributab'e risk to the average indiV'tlua 1 ris,k 

in the population featuring that factor. 

This gives a part of the global risk of the considered group, that can be attributed to the 

factor under study: 

Al A2 

f - El- El - I 
- Al -

ET 

a2 * el -- -e2 a} 
or f = I 

1 - -r 

The same result can be obtained by us ing another approach : if the effect of the fac br under 

study could be controlled, the average accident rate of drivers in population p} would become the 

same as the rate of drivers in population P2 '. 



Al A'l A2 
El would become Et = E2 i.e. 

A'l being the number of accidents in population PI when the factor has been control:b:t. 

The relative reduction in accidents would become: 

Al - A'l 
Al i.e. 

which may be written: 

giving once again the attributable risk fraction, f. 

1 - -r 

4 

The etiological concept of risk therefore provides far more information than simply 

calculating an average accident rate. It makes it possible to quantify the effect of a cause and b 

draw conclusions from it. 

There follows an illustration of these risk evaluations by means of an example tak iog 

account of the various age groups and sex of drivers of light vehicles. Two different 

measurements of exposure to risk of a road traffic accident are used in making these estimates: 

distance travelled and duration of driving-time. 

2. DATA UTILIZED 

Data utilized in evaluating risks are drawn from two sources : 

- For accidents, the results of data records of overall accident figures at national level have 

been used. These records have been built up from 1125th of an reports of accidents involving 

casualties in France en 1982. Approximate 1y 9000 accidents were processed. 

- For rtsk eU1llll1:.. use has been made of the findings of the travel diaries tT'cmsport survey 

carried out by the National Institute of Statistics and Economic Studies (INSEE) in 1981-82 . 

Travel diaries were distributed to a sample of 3000 veh icles representative of the total number of 

private vehicles. The driver was asked to fill them in, no ~ng every trip made by the car in 7 days 

(with details such as motivation for trip, time of departure and arrival, distance, number o,f 

persons carried, identity of driver, etc.). The survey was done in four stages in order to avoid 
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seasonal repercussions. However, the long holiday period, Le. July and August, was not 

represented; data collected in the course of the survey were compared with those of accidents 

occuring in 1982 outside the long holiday period. The sample consists of 51 188 trips averaging 

9.9 km in length and 16.5 min. in duration, i.e. approximately 500 000 km in 14000 hours of 

driving. The average driving speed is about 36.1 kmIh 

3. ASSESSMENT OF ETIOLOGICAL RISK ACCORDING TO AGE AND SEX OF 

DRIVERS 

Prior to making an assessment of risk exposure, It is important to indicate the measurement 

selected to calculate risk exposure. In road safety studies, risk exposure is generally defined in 

terms of the number of vehicle-kilometres travelled; however, other measures may be used : 

duration of driving-time, traffic density, number of vehicles registered, number of driving 

licences issued, petrol consumption, etc. Risk is calculated here by measuring exposure by means 

of kilometres travelled, on the one hand, and length of driving time on the other. This highlights 

the effect of the type of measurement employed. 

Thus data re ating to accidents and kilometres trave led represen t t re total number of drivers 

of light vt~hicles in 1982, excluding July and August. 

Table 1 indicates the population involved in acc'dents: 



me:n women total \ 

118 to 19yrs 4,1% 1,0% 5, 1 % 
I 

20 to 24yrs 16,5 % 5,0% 21,5 % 

25 to 29 yrs 12,1 % 3,9 % 16,0 % 

30 to 39 yrs 17,8 % 7,0% 24,8 % 

40 to 49yrs 10,7 % 3,5 % 14,2 % 

50 to 59yrs 8,6 % 2,3% 10,9 % 

160 to 69 yrs 3,6 % 0,8% 4,4 % 

70 yrs and over 2,6 % 0,5 % 3,1 % 

total 76% 24% 100% 

IDle 1 ; :)iSXi'JuJ)l Jfily)lvd in iccijelts iy i i:e ini sex 

Table 2 indicates the population of road-users, according to distance covered: 

I 

men women total 

18 to 19 yrs 1,0 % 0,6% 1,6% 

20 to 24yrs 6,8 % 3,4% 10,2 % 

25 to 29 yrs 10,2 % 5,0% 15,2 % 

30 to 39 yrs 21,5 % 8,3 % 29,8 % 

40 to 49 yrs 15,8 % 5,1 % 20,9 % 

50 to 59 yrs 11 ,9 % 2,6% 14,5 % 

60 to 69 yrs 5,1 % 0,4 % 5,5 % 

70 yrs and over 1,9 % 0,4 % 2,3 % 

total 74,2 % 25,8 % 100% 

Table 2; "Wuo» Xlihllet\a'nyellU iCcdn: 'J n e ini sex 'lfiriv, rs "lfb:ht 

vehicles 

with these data, it is possible to calculate the Telat ive risk of an age and sex group using as 

reference either other drivers, i.e. those not belonging to that group, or the total number of 

drivers. In the former case, the risks are more clearly differentiated . The results obtained are given 

in the following histogram : 



relative 
risk 
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18-19 20-24 25-29 30-39 40-49 50-59 60-69* ~70 yrs 

, - men • WOmen I 
* In view of the insufficient number of women-drivers over 70 years of age, the two final 

categories have been grouped in their favour. 

F),pre 1 i ~~,,",f accjlient ~~,"etre c1ye'ICi is C11Uire; tr) (jiVers nl)t in the 

&TOUp. 

If we now consider the attributable risk, i.e. the risk linked specifically to a particular 

factor, the attributable risk fraction in the cons idered group can be calcu Iated : 

f := 1 1 - -r 

This enables us to grade high -risk groups taking account of the factors under consideration. 

Attributable risk fraction fer age and sex in each group: 

men aged 18 to 19 yrs: 

men aged 20 to 24 yrs: 

women aged 18 to 19yrs : 

women aged 20 to 24 yrs: 

women over 60 yrs of age'. 

men over 70 yrs of age: 

men aged 25 to 29 yrs: 

f == 78 % 

f=63 % 

f-41 % 

f=34 % 

f =31 % 

f =30 % 

f = 17 % 
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In the group of men aged 18 to 19 years, age and sex have high effects on the risk of 

accident per distance travelled. The attributable fraction of 78 % means that if t Ils group of drivers 

had the same behaviour on the road as the other drivers not belonging to the group, their Tate of 

involvement in accidents per kilometre would decrease by 78 %. 

3.2 Risk of accident per unit , f i;vimHime 

The same calculations can be made ~ing duration of exposure on the road, taking account 

of any stops at traffic lights, pedestrian cross I1g8, etc. that may intervene . 

men women total 

18 to 19 yrs 0,8 % 0,7 % 1,5 % 

20 to 24 yrs 6,5 % 3,6% 10,1 % 

25 to 29 yrs 9,6% 5,3 % 14,9 % 

30 to 39 yrs 20,0 % 10,1 % 30,1 % 

40 to 49 yrs 14,9 % 5,9% 20,8 % 

50t059 yrs 11,7 % 3,0 % 14,7 % 

60 to 69 yrs 5,0 % 0,6 % 5,6 % 

70 yrs and over 1,8 % 0,5 % 2,3 % 

total 70,3 % 29,7 % 100% 

Table 3 ; Distributin ,r tj:r:h~,)UI'S '1y ne u j sex I f jriye'S ,r li ~ht vei icles 

The relative risk in each age and sex group has been calculated using as reference other 

drivers not belonging to the group, as illustrated in the histogram in Figure 2 : 
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6 

5,1 
5 

4 

relative 
3 

risk 

2 

1 

0 
18-19 20-24 25-29 30-39 40-49 50-59 60-69* ~70 yrs 

I_ men • women I 
* The two (mal categories are grouped in favour of women drivers 

Fieure 2 'e Relatiye rtsk !)f acc)1erUlCr unlt "f:jOy )1~ ame 

Young men represent the highest risk group according to both exposure measures, and the 

shape of both histograms are fairly similar. Attributable risk fraction for age and sex in each group 

is as follows : 

men aged 18 to 19 yrs: 

men aged 20 to 24 yrs: 

women aged 18 to 19 yrs: 

women aged 20 to 24 yrs: 

men over 70 yrs of age: 

men aged 2S to 29 yrs: 

women over 60 yrs of age: 

f=80% 

f=65% 

f=36% 

f=30% 

f=30% 

f=24% 

f= 10% 

The groups with the highest attnbutable n'sk fraction are the same according to both 

measures. If men aged 18 to 19 years behaved b'ke other drivers on the road, their accident rate 

per unit of driving time would fall by 80 %, For the group of male drivers aged 25 to 29 years. or 

the one of female driver over 60 years of age, the attributable risk perce nt le; mo(ftfy according to 

the measure of risk exposure. 
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3,3 C,u,nsn If tbe tWQ risk-exposure estimates and analysis of the speed as an 

underlyine C1IItjUtn factor 

Tbese twQ risk-exposure estimates are linked by the average driving time, i.e. tt, the 

relative risk per kilQmetre in population PI cQmpared to population 1>2, and i.e. rt, the relative risk 

per unit Qf time in populatiQn PI cQmpared to population P2 

Thus: 

where: 

_ !!..s 
fk - kl a2 and 

kl and k2 indicate the distances in kilometres travelled respectively by populatiQns P 1 and 

tl and 12 indicate the parts Qf driving time in those populations 

VI and v2 indicate the average driving speeds Qf the two populations 

The two risk indicatQrs are linked by the relationship : 

V2 
fk=rt*­VI 

If v2 is less than VI, the relative risk per kilometre in Pt as compared tQ P2 is less than that 

calculated per unit Qf time. If the two populations have the same average driving speed, the two 

risk indicatQrs are equal. The attributable risk fractions progress in the same way as the relative 

risk. For example the attributable fraction fQr age and sex in the group Qf female drivers over 60 

years of age decrease Qf Qne third and the fractiQn in the group Qf male drivers aged 25 to 29 years 

increase according tQ the measure Qf risk exposure; because the average driving speed of female 

drivers over 60 years of age is 28 kmIh and the speed of male drivers aged 25 to 29 years is 39 

kmIh (average speed for the total populatiQn is 36,1 km/h). 

We must go further in the analysis of dr'lYing speed, if we want to highlight possible 

contributory factor. We shall compare in our example, on the one hand, the situation of male and 

female drivers and, on the other, that of drivers under and over 25 years of age . 

Calculations made from our data give the following results : 

-Male drivers have a risk of accident per distance travelled 1,10 higher than risk of female 

drivers. They have a risk of accident per driving time 1,34 higher than the ri sk of female drivers, 
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that is 22 % up.And men have a higher average driving speed than women (38 kmlh for men as 

against 31 kmlh for women). 

-Drivers under 25 years have a risk of accident per distance travelled 2,6 higher than the 

risk of drivers over 25 years. The risk of accident per driving time is 2,76 highe r than the risk of 

the drivers over 25 years. The results in this case are relatively close (6 % up) because the average 

driYing speeds are fairly similar (37 kmlh in those under, and 36 kmlh in those over, 25 years of 

age). 

A superficial conclusion could be drawn to the effect that speed is not a contributory factor 

in risk among young drivers. The reality, however, is rather more complex.. If we analyse speed 

in terms of journeys of equal length rather than globally, the results are quite different 

Taken all in all, average driving speed is faster for male than for female drivers, although 

differences in speed are far less marked in journeys of equal length, as can be seen in Figure 3 : 

80 

70 

60 

50 

km/h 40 

30 

20 

10 

o 
1 '2 3·5 6·10 11·1 5 16·20 21·30 31·40 41·50 51-100 >100 

lengh of Journey in ki bmetres 

I • men • women I 
Fi/:ure 3 ; Aye~yinl: speed aCC1I'jilg t, len:th 1f humey in kilometres. 

The overall result is due to the fact that women drivers make considerably more short 

journeys: 65 % of all their journeys are less than 6 km in length, representing 21,9 % of the total 

distance they cover. And only 1,3 % of all their journeys are more than 50 km in length . On the 

other hand, 53,6 % of journeys made by male drivers are less than 6 km in length, amountin g to 

12,8% of their driving. And 3,3 % of their journeys are more of 50 km in length. 
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The average driving speed of drivers under 25 years, taken as a whole, is nearly the same 

as that of older drivers. However, for journeys of equal length, there is greater differentiation of 

speed: 

80 75 

70 

60 

50 

km/h 40 

30 

20 

10 

0 

1·2 3·5 6-10 11·15 16·20 21-30 31·40 41·50 51-100 >100 
lengh of journey in kilometres 

\- under 25 yrs • over 25 yrs I 

Average driving speed is greater among young drivers for distances under 50 km, 

representing 76 % of their total distance. It '6 less for longer journeys. The ve'hic le power has 

greater impact than the age for long journeys. With our data we cannot know the actual 

horsepower, but we can approach it with the treasury rating. The average engine rating of vehicles 

used by drivers over 25 years is greater (6,3 horsepower) than that of cars used by drivers below 

that age (5,6 horsepower). Young drivers use al l the power of their vehicle. 

It is clear therefore that the study should be carried further, to include in particular analysis 

per journey of similar type. Unfortunately, the corresponding data on accidents are not available. 

4. CONCLUSION 

Quantitative risk estimates are essential if safety measures are to be evaluated or high-risk 

groups identifted. S~h evaluations should be used with caution, howeve:r: 
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-We saw that speed seemed, in a first step, not being a possible contributory factor of risk·. 

young drivers haVe a high risk and their average driving speed is nearly the same as that of older 

drivers (37 kmIh and 36 km/h). Male drivers have a risk lightly above than that of female drivers 

and their speed is greater (38 kmIh for male drivers and 31 kmIh for female). But the analysis of 

the driving speed according to the distance travelled, shows different behaviour: young drivers 

drive at speed as much as their car can do it; male and female drive at the same speed as journeys 

have the same length. These different behaviours have to be taken into account in risk analysis. 

- Grading of high-risk groups depends on the measurement used to denote risk exposure. 

In the example used in the present document, the hierarchy of groups of risk-prone drivers 

changes little between distance covered and driving-time, since average speeds are fairly similar. 

The result could, however, be quite different if risk were compared according to type (e.g. two­

wheel and light vehicles). 

- The attributable risk fraction makes it possible to quantify the effect of a factor and gives 

an estimate of the reduction in accident rate in populations concerned by that factor, whenever it 

is possible to control this (this may be the case if a dangerous type of infrastructure is modified, 

for instance). However, any such change in a factor disrupts the 'system' to which it belongs as 

well as any interactions between it and other factors. The assumption that everything else 

remains the same is not generally confmned. 

- A link between a factor and a high accident rate is not sufficient to affum a definite 

causal relationship. The factor under study may simply be developing in the same way as 

another contributory factor. 

Quan~tative risk evaluation is essential although it has a number of shortcomings. 

Accordingly, it should be possible to compare various approaches to the matter of risk in order 

to confinn the relevance of relationships that are identified. 



14 

REFERENCES 

-M.JENICBK, R.CLEROUX: "Epi~miologie: principes, techniques, applications" -EDISEM 

-M.A.CAMBOIS, H.FONTAINE: IlHiwchisation de certains facteurs accidentogenes suivant 

l'importcmce de leur incidence sur le risque" - ONSER report - March 1979 

-M.B.BIECHELER: "Analyse du risque li6 ~ l'alcool6mie des conducteurs"- ONSER report­

October 1978 

-C.Fll..OU, H.FONTAINE, Y.GOURLET: "Le fichier des proces verbaux d'accidents 

corporels "- INRETS report- June 1987 

-J.F.LEFOL:"'Pr6sentation de l'enquSte transports,1981-1982"-Archives et documents n~OS­

INSEE -May 1987 

-A.C.WOLFE: 'The concept of exposure to the risk of a road traffic accident and an overview of 

exposure data collection methodsll 
- Accident Analysis and Prevention -Vol 14, n OS-1982 

-P.S.CARR<I..L: "Classifications of driving exposure and accident rates for highway safety 

analysis" - Accident Analysis and Prevention -Vol 5, n °2-1973 


