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1. INTRODUCTION 

In this sf'minar w(' will restrict ou~elves to ~ measures. Thus 

only countermeasures that are intt'noed to reduce accidents and the 

consequences of these accidents will be regarded. Of course it is of 

interest to know how safety measurt's are related to countermeasures 

that have bt'en t:lkt'n for other reasons but also h;lVe an impact on 

safety. 

Furthermore it is important to know thp li'Tli tations tvi th rpg:lrd to 

goals of higher priority. I'e can ask ourselves if there are 

countermeasures on a higher levpl, such as town pl:lnning, traffic 

distribution, energy consumption etc., that influence safety or the 

safety measures tha t have been taken. Or, gi ven thest' pr! ori ties, 

whether or not the safety measures are optimal with regard to safety 

or with regard to cost/henefit, cost/effectiveness etc. 

We can also investigate the side effects of the safety measures on 

other subjt'cts such as noise, air pollution and comfort. 

However, we propose to restrict ourselves to the evaluation of 

safety-measures with regard to safety. 

A second limitation is concerned with the addition of "area wide". ------
In those cases where traffic circulation h:ts heen changerl it is 

always advisable not to restrict the evaluation of countermeasures to 

the locations where they are implemented. E.g. signrllisrltion of 

intersections may result in changes in traffic flow and finally in a 

shift of accidents rather than a reduction. However, here we are 

concerned with a different thing. 

Area-wide investigations 

Recently more and more attention has been paid to area-wide traffic 

plans and proper evaluation studies for these plans. Specific 

methodological ano statistical problems result from this situation. 

Uncertainties about the effects of new traffic management or 

environmental schemes result in experimentation and evaluation. The 

uncertainties arise from the implementa tion of various oi fferent 

types of countermeasures in "unique" situ8tions. Short-term 

evaluations are therefore of interest not only for the pol;~y-mi'lkers 
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but also for the investiR:ltors themselves •. ~ second, rather cynical 

reason for evaluntion is that it is sometim"" easy to bypass the 

public participation process by promising such an evaluation study. 

In general, however, the re:lson behind these studies is to improve an 

implemented scheme or at least soecific countermeasures that are part 

of it. Therefore, it is necessary to understano why changes do 

appear. Global studies which result in some percentage of accident 

reduction do not satisfy the investigator completely. To understand 

the effects of countermeasures it is inevitable to detect the 

relevant conditions :lnd to describe quite precisely how these 

conditions are related to the effects. Furthermore it is important to 

know how the results of the evaluation stuoies can be generalized in 

order to design new schemes. 

Finally, two practical problems with rt'garo to area-wide evaluation 

studies are important. The first one is the definition of the 

experimental area, the area that is not experimental itself but is 

influenced by the countermeasures and the control area. 

The second problem is how to copt' with behavioural studies in small 

streets with low traffic volumes without influencing the traffic 

process. 

Ttm main reasons for evaluation i'lre mentionerl: evalui'ltion of the 

product of these countermeasures (decrease in unsafety) and 

evaluation of the changes in the process of traffic behaviour that 

are initiated with the safety measures. The product is of major 

concern for policy makers, the process for the investigators, 

although this distinction is not absolute. The question whether or 

not these countermeasures are effective, mostly stated in terms of 

hypothesis testing, is mainly concerned with the product. If 

explanations are wanted for the presence or absence of effects, 

mostly stated in terms of parameter estimation, one is mainly 

concernerl with the process. If one is concerned with the product then 

questions arise such as: "Is this specific conflict measure an 

acceptable surrogate measure for accidents?". To test such a 

hypothesis, one investigates whether or not the correlation between 

the number of accidents and that conflict measure oeparts from O. If 

an investigator regards a conflict to be a behavioural determinant of 

accidents, then he might ask himself to what extent this aspect of 
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behaviour is related to unsafety, e. g. by asking hO\~ much the 

correlation between this conflict measure and the number of accidents 

deviates from O. In this context we may find here all kinds of 

relational studies, with regard to a large number of behavioural 

aspects, road conditions and circumstances. 

In view of product evaluation, short-term evaluation has the 

advantage that the influence of disturbing factors is reduced. 

However, the time for evaluation may be too short to collect 

sufficient data, especially when residential areas are investigated. 

Furthermore, if we want information about the effect of 

countermeasures on speci fic nspects of safety, such as pedestrian

accidents with children involved, then the problem of insufficient 

data becomes even more important. 

2. PRODUCT EVALUATION 

2.1. Safety data 

If we want to evaluate the effects of countermeasures, we will 

measure unsafety before and after the countermeasure and see to what 

extent there is a reduction in unsafety due to these. If we define 

unsafety in terms of the probability of accidents and the resulting 

damage to persons and properties, then the only way to measure 

unsafety directly, is to count accidents and registrat€' their 

effects. We have to estimate probabilities from counts and even with 

well defined probabilistic models, such as the model of 

Poisson-distributed accidents, it is very difficult to detect 

differences in probabilities. In Figure I, we find an example of the 

expected number of observations needed to detect various percentages 

of reduction of accidents. These data result from exact tests applied 

to Poisson-distributed accidents. A reduction of 20% of the accidents 

is not significant anymore at a 5%-level, with less than 80 

accidents. A reduction of 30% is only significant with more than 35 

accidents. We have to wait for years to get these figures in most 

situations, both because the kind of countermeasures result in us 
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Figure shows the na~bers of observations necessary to detect 

significant reductions in those numbers for values of zero to hundred 

observations. It is assumed that the number of observations is 

Poisson-distributed. When the number of observations is lOO, a 

reduction of 137, (87 ohservations) is already indicative (at a 10%

level of significance). A reduction of 16% is already significant at 

a 57-:-level and a reduction of 21:\, is significant at a IX-level of 

significance. A reduction of 20% is not significant anymore at a 5%

level if the number of observations is less than 80. With numbers of 

observations lower than 50, this reduction Is not even indicative. 

A reduction of 30% can only be detected at a 1%-level of significance 

when the number of observations is larger than 60. At a 5%-level with 

numbers larger than 35. If the number of observations is smaller than 

25, a reduction of 30% is not indicative anymore. 

A reduction of 407, can only be detected at a 1%-level if the number 

is greater than 35 and if the level is 5% then only with numbers 

greater than 20. 

If the number of observations is smaller than or equal to 10 even a 

reduction of 60% is not significant anymore at a 5%-level. 
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I arger reduction, are very rare and the areas involved have low 

traffic volumes and therefore low accident numbers (although these 

numbers may be relatively high as compared to situations wi th high 

traffic volumes). There seems to be no way out of this problem that 

is stated over and over again. 

Apart from this fundamental proble'll there are many methodological 

problems related to the comparison of accident figures. The OF:C:D

report from OECD Road Research !lroup TS4 (ORCD, 1981) gives an 

excellent survey of problems such as the definition of the correct 

control group, finding the correct sampling proceclure etc. \ve shall 

not go into detail on this here. 

There are also modern techniques that improve the possibilities of 

comparing data. E.g. De Leeuw & Oppe (1976) describe a log-linear 

model in which it is possible to compare accident rates of multi-way 

tables by means of various kinds of hypotheses. 

Recently it is even possible to I\se exact tests to test larger tables 

than 2x2 designs more efficiently. 

However, for eacb comparison that is stated by means of counts or 

measures such as accident rates deduced from counts, the problem of 

insufficient data remains the most important problem once the effect 

of safety measures is evaluated. 

The only way to improve statistics is to increase the counts. 

One way to do this is to extend sample time. However, with sbort-term 

evaluation this seems to be hardly the answer. Furthermore tbere are 

difficulties resulting from the increased variation in circumstances 

that disturb the comparison if time of observation is extended. 

Another way out is to enlar!le the !irea or increase the number of 

areas. However. this presumes careful comparisons of situations in 

order to see if this justifiable. We will return to this in section 

3. 

Finally, we can use surrogate measures of safety, e.g. counting 

conflicts instead of accidents. 

2.2. Conflict data 

If we want to know bow unsafe a particnl!ir area is, we really want to 
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establish the accident potential and not just how many accidents have 

already occurrecl there. Especially if these areas of concern bave 

very new and drastic designs. Sometimes, we try to estimate accident 

potential by means of other indicators of unsafety than the accidents 

themselves. Sometimes the number of traffic conflicts is u~ed as an 

indicator of traffic unsafety. 

Experimental evidence shows that the "serious-conflict" measure is a 

better predictor for accidents than the total number of conflicts. 

Therefore, the definition of conflicts with regard to seriousness is 

very important in order to improve the validity of the conflict 

technique. Figure 2 clemonstrates an imaginary comparison between two 

locations. If we choose a definition with regard to the seriousness 

of conflicts, we select a point on the x-axis. On the surface 

underneath the curve, right from this point, we find for each 

location the number of conflicts. If we select the point marked 

"conflicts" we see that the estimated number of accidents is larger 

for location A than for location B. If we choose serious conflicts, 



c 

- 7 -

then both numbers are more or less equal, while, using the number of 

accidents, this number is smaller for A than for B. The use of 

accident rates as a measure of unsafety instead of accidents totals 

is implicitly based on the assumption that the curves are not 

parallel. If the curves were decreasing at exactly the same rate for 

all locations, the correlation between accidents and accident rates 

would be perfect. In this case the denominator (some measure of 

exposure tbat is used in the accident rate) would give us the best 

estimation of the potential danger at the locations, because we can 

measure exposure the most reliably. We know that this is not the 

case; the accident rate gives us extra information. We have to study 

the curves in detail before we know if these rates give us sufficient 

information. 

2.3. Accidents, conflicts and exposure 

If we look again at Figure 2 we must re;111se that we use rather far 

going assumptions in trying to predict the small surface area at the 

right of the accident point, from the large surface at the right of 

the conflict or serious conflict point. At least the sh;lpe of the 

curve seems relevant. The accident rate gives \IS information about 

this shape. If we define a conflict rate in the same way, using 

conflicts as some measure of exposure and serious conflicts as a 

measure of unsafety, then we have some information about the shape of 

the curve. If well defined, both measures will be more reliable than 

accident counts, because of the larger number of counts. One problem 

does limit the relevance of both measures of exposure and unsafety, 

namely, the problem of the validity of the conf1ict measures. If we 

ask for the "content validity" of the conflict measure using 

conflicts as a measure of exposure we need an operational definition 

of exposure in each particular case. 

Exposure measures deduced from gross traffic volume data, such as 

exposure data for pedestrians deduced from time spent in traffic or 

distance travelled, seem to be insufficient. Especially in situations 

we are interested in, e.g. residential areas. It seems hetter to 

define first situations that are relevant such as the munber of 

encounters between road users, in order to detect which of these 
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situations are critical. 

However, it will be even more difficult to find a correct operational 

definition for serious conflicts, for the detection of critical 

situations. Content validity seems to be the (very important) first 

step. Only the "predictive validity" with regard to accidents can 

inform us about tbe relevance of the serious-confl ict measure as a 

measure of unsafety. The content validity can inform us only about 

the "face value" of the method, or in other ,~ords, how relevant the 

definition looks at first sight. 

The face value of the existing conflict measures with regard to 

situations that are special for residential areas is not high. Many 

techniques are being developed for dense traffic arterials and/or 

car-to-car conflicts. It is important to know the relevant cues for 

accidents between cars and other road users such as pedestrians and 

bi cyclists. 

Improving the content validity of the conflict measure will be the 

necessary link between the conflict technique used as a surrogate 

mensure of unsafety and the confl ict-analysis technique. This 

technique regards confl icts as behavioural aspects of the traffic 

process amongst (and related t,o) other aspects of behaviour, such as 

speeds, mnnoeuvres etc., under various conditions, in order to find 

explanations for the hazard of specific traffic situations. 

3. PROCESS EVALUATION 

The effectiveness of cOllnter'1leasures that have been taken to improve 

safety, results from the extent to whicb it is possible to reduce 

unsafe behaviour or to improve conditions that cause unsafety. If one 

wants to know if a measure is indeed effective (or as effective as 

has been assumed), the question arises whether tbat measure has the 

intended effect on behaviour or conditions. This answers the question 

whether or not the measure cnn have an effect on safety. The next 

question then is: "Does this change in behaviour or conditions reduce 

unsafety as was supposed?", or: "Is the measure relevant with regard 

to safety?" 
He c.an skip the first question ann only look at the impact of the 
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countermeasure on safety as has heen described as product evaluation. 

But if such evaluation is not possible, because there are not enough 

accident data to test these effects, we can ask ourselves whether it 

is still the hest procedure to evaluate the assumed effect on safety 

hy means of surrogate measures instead of evaluating whether or not 

the countermeasures have the expected impact on traffic behaviour and 

traffic condl tions. Especially in case knowledge about the 

effectiveness of a particular countermeasure is scarce, it is of 

great importance to register, apart from the effect on behaviour and 

conditions that are supposed to be directly influenced in thp other 

conditions and circumstances that existed in that situation :lOd to 

measure the effect of the countermeasure on the relevant traffic 

characteristics. We can ask ourselves in what way the characteristics 

that are supposed to chAnge, are influenced by the counterme;lsures 

and which conditions are relevant for this change. 

This asks for relational studies in complex situations, especially if 

the countermeasures that have been taken are compounds of various 

area-wide countermeasures. For this kino of investigations it is 

necessary that the results of VArious situations are collected in 

order to find relations that are stable :lOci can be ,generalised for 

other situations. For example, if we want to evaluate the usefulness 

of humps in strepts, we have to determine unrter what conditions and 

in which situations a sufficient reduction in speed will result and 

how we can cope with dangerous side effects in various situations. 

We can possihly find a way of applying a countermeasure which is 

optimal for a moderate range of situations, but it is of great 

importance to know the results outside thifl range. A large-scalE' 

evaluation of countermeasures applied to a diversity of small-scale 

situations is needed to collect this kind of knowledgE'. 

The registration of conditions is primarily important if we want to 

compare results from other studies, especially in different 

countries. Furthermore the registrAtion of discrepancies between the 

data that is wanted for optimal investigation and the data that were 

availAble at the moment of investigation can help to improve future 

investigations. 

If conflict techniques are used to analyse conflicts, in order to get 
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a greater insight in to the relation between various countermeAsures 

and conditions on the one hand and the impAct of these on the 

behaviour of road users on the other, this will also result in a 

better content validity of this technique as a surrogate measure of 

unsafety. 

HOIJever, the conflict-analysis technique is only one method of 

investigation. 

All kinds of behavioural measures are available, ranging from 

sophisticated registration of eye movements and galvanic skin 

responses to the measuring of vplocities or observation of the 

crossing behaviour of pedestrians. 

Because not much is known about the influence of various traffic 

conditions on the behaviour of road users, the expectations about the 

effectiveness of measures are based on rather vague theories. 

Also little is known about the relation between the estimatert risk of 

flituations and feelings of unsafety of road users and the effect of 

these on their behaviour in traffic or their participation in 

traffic, vehicle choice or choiep of routes. Although these feelings 

of unsafety may not be direct criteria for the evaluation of safety 

measures, they are relevant to investigate the relation between the 

behaviour of road users and safety or the effectiveness of 

safety measures. 

A major problem in the study of this kind of relations is the fact 

that many characteristics are of a qualitative nature. However, there 

are recently developed techniques (Gifi, lQfll' which can be used to 

analyse relations between qualitative characteristics as well. 

At last, in order to give a complete evaluation of countermeasures 

and to find an adequate evaluation procedure, the purpose of the 

measure has to be stated explicitly, together with the means by which 

one tries to realise this purpose, the expectation about the 

effectiveness of the meaflure and its side ~ffectfl. 
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COMMUNITY TRAFFIC SAFETY: AN EVALUATION CHALLENGE 

Frank G. Ephraim 
Director, Office of Program Evaluation 

National Highway Traffic Safety Administration 
U.S. Department of Transportation 

1.0 Introduction 

Given the state of the art of safety evaluation this seminar addresses 
a necessary yet difficult task. The evaluation of short-term and area-wide 
safety measures presents a challenge to the seminar participants by directing 
their collective abilities toward exploring ways to better design and apply 
evaluative analyses. 

This paper draws on selected U.S. experience thought to be relevant to 
the topic and attempts, through interpretation, to focus on certain problems 
that confront the evaluator. It does not deal in detail with statistical 
methodology. 

1.1 Trends in Traffic Safety Direction 

In the United States, the Federal role in traffic and motor vehicle 
safety stems from legislation adopted in 1966. It encompasses leadership, 
research, information and regulation. While the regulation of safety 
performance for vehicles is not specifically relevant to this seminar, it 
offers evaluation opportunities from which useful experience has been 
gained to illustrate certain points later on. For traffic safety the 
emphasis is on driver, pedestrian and road safety research, local and area 
(State, county, city) demonstrations to test and evaluate safety measures, 
and grants to States for safety programs. A considerable amount of 
evaluation work has been done at all government levels, some of which has 
been included or referenced in previous OECD reports. 

In the early seventies, the National Highway Traffic Safety 
Administration (NHTSA) funded 35 Alcohol Safety Action Projects (ASAPS) - in 
as many States. Each ran for three years, was managed by a local or State 
agency, and required evaluations of countermeasures. The overall direction 
was at the Federal level. It was hoped that local governments would continue 
those measures found to be both effective and affordable. The results were 
mixed. Twelve of the projects appeared to have reduced the number of fatal 
accidents where alcohol was a contributing factor. Local authorities did, 
in several instances, continue certain programs, but as national statistics 
have shown, alcohol continues to be a factor in more than half of our 
fatalities. 

The problem of drunk driving is probably the best indicator of the trend 
in government roles. A more acute awareness and willingness to intercede 
has emerged in communities, accompanied by the view at the national level, 
that safety problems can be better addressed by localities whose elected and 
appOinted officials are responsible for public service and who can take or 
encourage action. The last few years have seen more local initiatives to 
curb drunk driving. such as mandatory jail sentences upon conviction and 
roadblock patrol interdiction. In some areas hardly a week goes by without 
several television and radio editorials on the subject of drunk drivers. 
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Displeasure over the way the Federal Government has performed and 
interceded as well as questions about benefits from increasing expenditures 
at all government levels are the likely motivation for the public to assure 
themselves that what is planned and implemented does indeed work. Such is 
the growing concern at the local level. 

The implication for our topic is clear. We wish to explore how one 
might approach the evaluation of safety measures so that the product is 
useful to local decision makers and to members of a community. If the 
trends in the U.S. are a guide. there is little doubt that our undertaking 
is worthwhile. 

1.2 Discussion Topics 

This paper begins with a brief discussion of some impediments to 
evaluation. Two cases, which are considered good examples of scientific 
evaluations in the short-term, area-wide category are presented next. Both 
use speed reduction as an intermediate measure. A number of issues, 
relating to speed reduction as a criterion of safety, the use of observations, 
measurement of public awareness and the transferability of results are 
discussed. A multiple countermeasure program which is underway is described. 

The potential for developing causal factors, such as unsafe driving acts, 
as surrogate measures is presented. The paper concludes with a call for 
developing, and exploring the use of exposure measures. 

2.0 Impediments to Evaluation 

The impediments to evaluation are particularly relevant to short-term, 
area-wide evaluations. While they cover many situations, the two cases that 
are described next illustrate some of our experience. 

2.1 "Small" Numbers Are Not Always Small 

One of the key problems in short-term. area-wide evaluation is the lack 
of sufficient accident data. A short commentary entitled "Use and Misuse of 
Small Samples in Traffic Safety Problem Analysis" by Waller [lJ discusses 
the problem. 

During January 1980, there were 17 fatalities in the State of Vermont, 
which was higher than the average of seven which had occurred that month in 
each of the previous five years. The month of February 1980 continued at 
the high level. Top executive and legislative officials were. of course. 
very concerned. On the one hand it was possible to contemplate that 
here was a case of small sample deviation when the annual number of traffic 
deaths ,could vary from 117 to 166, strictly by chance alone. On the other 
hand, the small number for January shows a statistically significant increase, 
a legitimate cause for concern. By March of 1980 fatalities dropped and 
remained down for the rest of the year. One could have left it at that and 
concluded that the annual statistics fell within the "small sample deviation" 
category. 

The small numbers did yield some information. The January 1978 and 
1979 totals (14 fatalities) included only one fatal single-vehicle crash, 
but in January 1980 nearly half of the 17 fatal crashes were single-vehicle. 
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Early 1980 was a disappointing skiing period - there was no snow, and single 
vehicles going off the road ran into solid obstacles, instead of the cushioning 
snow banks! People could also drive more - and faster. In March when fresh snow 
again lay deep, fatal crashes returned to the expected level. 

Dr. Waller's parting thought was: "simply becausr you have small numbers 
doesn't preclude analysis and problem identification."-1 We should at least 
resolve not to assume, a priori, that the numbers are too small for an 
evaluation. 

2.2 Evaluations Are Not Always Welcome 

Many years ago a medium-sized city police department employed a selective 
enforcement countermeasure to reduce observable traffic violations. On the 
assumption that these lead to traffic accidents, particularly at intersections, 
they employed a method by which police patrol cars cruised through or were 
stationed at certrain intersections. A separate set of intersections served 
as a control group. Violations were observed before and after the counter
measure. After a relatively short time -- about three months -- large 
reductions in intersection accidents were recorded at the experimental sites, 
compared to control areas. The results received wide publicity. When the 
project was reviewed some disturbing facts emerged. An elevated roadway across 
the city had been opened not long before, and traffic to a distant resort 
area no longer had to wind its way through the city. A number of experimental 
intersections lay along the old route. No traffic counts were available. In 
addition, a one-way street plan had been put into effect, and polarized traffic 
Signals were being installed. The nearby resort area was going through an 
economic "down", thus very likely reducing traffic volume through - or rather 
over - the city. 

While this may appear to be a blatant case of "poor design" coupled with 
the desire to show that funds were spent effectively, it is by no means unique. 
The urge to prove success for safety measures is based on a Simple reality. 
A failure by local officials to improve a situation is much worse than doing 
nothing. While this might tempt one to pursue research on the evaluation 
process in relative isolation from the political and economic environment, 
this too can lead to illusory results of little value. In their study on 
impediments to safety program evaluation, Griffin, et al., state [21: 

Evaluations should be seen as a synthesis between pure science and the 
politics of public administration. A certain combination of both 
will allow for clear statements of project goals, good measurements, 
logical inferences and subjective explanations for why things are 
the way they are and how they can be profitably changed. Objectivity 
in measurement, logic and common sense in inference, and subjective, 
qualitative prescriptions'in conclusions are the essence of good 
evaluations·"Y 

!IBa sed on comments made by Julian Waller, M.D., at the Symposium on Traffic 
Safety Effectiveness (Impact) Evaluation projects conducted by the National 
Safety Council, Chicago, Illinois, 1981, p. 293. 

yLindsay I. Griffin, Ill, Brian Powers and Catherine Mallen. Impediments 
to the Evaluation of Hig~way Safety Programs. (Chapel Hill: University 
of North Carolina HIghway Safety Research Center, 1975), p.47. 
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Working within an environment of competing interests should not be 

new to seasoned evaluators. It is still not the most pleasant task to 
point out faults to committed and often adamant special interests as we 
had to do in the case just mentioned. The "success" in reducing accidents 
continued to be cited for years thereafter. This case was an example of a 
situation where an evaluation was impractical in the first place. The 
evaluation was n0 t welcome, nor could it be properly designed. 

3.0 A Review of Case Studies - The Scientific Evaluations 

There are many examples in the United States of scientific evaluations 
which could be classified as short-term, area-wide. Two have been selected 
for discussion to illustrate public administration conditions and especially 
to explore the use of intermediate measures. 

3.1 The School Speed Zone Study 

This example is drawn from a paper published in Transportation Research 
Record 811 [31 .. It begins with the request, by a group of citizens, to the 
mayor of a Mid-western city, to establish l5-mile per hour speed zones near 
school crossings located on streets with posted 35 mile per hour speed limits. 
The mayor first appointed a committee to determine the need for such zones 
and to offer recommendations about their use. The committee went to work 
analyzing local pedestrian accidents, and school speed zone effects in 25 
cities throughout the United States. The committee reported that: 

o During the previous four years. six children were struck while 
crossing a street next to their school where a speed limit over 
25 mph prevailed. This is out of a total of 156 Children (aged 
5 to 14) involved in pedestrian accidents in the city. 

o Radar surveys from ten of the 25 cities showed that none were 
able to reduce speeds to the level proposed, even with police 
enforcement. 

o Accident experience did not differ Significantly between cities 
with and without school speed zones. 

The committee then recommended against establishing school speed zones. 

The public administrator - in this case, the mayor - did what others 
have done so many times. When in doubt appoint a committee. This achieves 
two purposes: it does not cost anything since members serve voluntarily and 
it fends off decisions without appearing arbitrary. The committee used 
accident statistics which are inadequate to prove or disprove effects - as 
any experienced safety evaluator could have known. Their second finding was 
based on 10 of 25 cities and reflected - very likely - expected speed reductions 
of 10 or more miles per hour. Such effectiveness levels are rarely derived 
from the countermeasures employed even against such popular targets as speeds. 
A three or four mile per hour reduction, under the circumstances is probably 
more typical, as found in numerous field tests conducted by the Federal 
Highway Administration. 



fJt 

5 

3.1.1 Conducting the Study 

The recommendation of the committee however, was not unanimous. Some 
members expressed the following views: 

o It is not necessary to prove that lower speed limits will reduce 
accidents since the "potential" conflict between school children 
and cars is itself sufficient reason for lower speed limits. 

o That speeds could be brought down by enforcement and publicity. 

After continuing to support the need for school speed zones and 
drawing the support of parents, the city over the subsequent three years had 
set up 15 speed zones, and more were requested. The committee, which by now 
appeared to have been institutionalized and renamed the School Crossing 
Protection Committee, remained unconvinced about crossing zone effectiveness. 
They even felt that such measures could have the effect of giving parents and 
children a false sense of safety. 

At this point a study of the effects of school speed zones, and their 
enforcement, on speeds was commissioned. It was performed by the State 
university in cooperation with the city's transportation and police departments. 

Four existing school crossings were selected that were similar in 
traffic and pedestrian volume, previous enforcement levels and road condition. 
Two crossings were within school speed zones and two were not. The speed 
zones were marked by 25 mile per hour speed limit signs with flashing yellow 
lights which operated only during crossing periods. The posted speed limits 
on the streets containing the school crossings were 35 miles per hour. 

Speed studies were conducted at each of the four crossings over a five
week period. Six spot speed measurement "units", conducted at one week 
intpfYals, at each site. were collected. Each unit consisted of speed 
measurements in one direction, with free-flowing traffic, during the 45 minutes 
when students used the crossing and for one hour thereafter. The presence of 
students in the crossing vicinity was noted as each speed was recorded. At 
two -of the school crossings - one within and one not within a school speed 
zone - a police officer in a radar-equipped patrol car was stationed during 
the 45-minute crossing period. This type of enforcement was employed one 
day a week during the first week. and increased to three days during the 
second week and five days during the third week of the experiment. During 
the last two weeks no enforcement was used. 

Each crOSSing had a traffic signal which could be actuated by pedestrians 
and two of the crossings were manned by student crOSSing guards during a 10 
to 15 minute peak period. The crossing guards were counted as "pedestrians 
present" during speed measurements. All together. 8100 individual speeds 
were observed. The speed data were stratified into four sets 

o Speeds during the hour after the 45-minute crossing period. 
without students present. 

o Speeds during the 45-minute crossing period without students 
present. and 

o Speeds for both above. except with students present. 
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The influence of school speed zones and their enforcement was based on 
comparisons of the 85th percentile speeds and a computation of the error 
in the estimate (of the 85th percentile speed), at the 95 percent level of 
confidence. provided the degree of statistical accuracy deemed suff~~ient 
for this study. 

3.1.2 Results of the Study 

Traffic speeds were reduced when pedestrians were visible at school 
crossings and during the 45-minute crossing period. The 25 mile per hour 
speed zone together with the presence of enforcement when combined with 
the effect of the presence of pedestrians, reduced speeds by about seven 
miles per hour. As expected, the experiment showed a diminution of speed 
compliance once enforcement had been removed. The conclusions were that 
speed zones plus enforcement improve the achievement of speed reduction 
above that created by the presence of pedestrians and the normal 45-minute 
crossing period. The researchers recommended that since enforcement is 
necessary if there is to be compliance with the reduced speed. school speed 
zones should not be established unless such enforcement will be provided. 

3.1.3 Some Observations Based on the School Speed Zone Study 

The conduct of the study was a serious effort by researchers to measure 
the effects of speed zones and enforcement, the presence of pedestrians. and 
school crossing periods on the driving speed of individuals operating cars 
along a road with a normal posted speed limit of 35 miles per hour. The 
study was well designed and executed and it is not the purpose here to 
dissect or otherwise critique the analysis. The case serves as one 
benchmark for our discussion. 

The primary issue is the use of speed as an intermediate measure in 
a case where the questions were about accident reduction and the reduction 
of potential conflict between schoolchildren and cars. Were it not for the 
modern technology that produced the radar speed gun, fewer examples would 
be in hand. We might even raise the point that the very reason for the 
popularity of speed reduction as an intermediate or proxy measure is the 
fact that it is now so easy to establish~ Had we a practical device which 
would record (and interpret) the motivation of drivers during vehicle operation, 
or the reactive impulses of schoolchildren preparing to cross a street, our 
studies would undoubtedly be full of interesting data. 

The bottom line ~ accidents, injuries and fatalities - are the measures 
of highway safety, but as we recognize, these data are often not present in 
sufficient quantity to conduct an evaluation. Speed reduction, per se, is 
frequently an acceptable intennediate effect, yet this depends on the 
subjective judgement of how much of a reduction is required to produce an 
improvement in safety. Is it necessa"y to reduce speeds, say ft'om 35 to 15 
miles per hour, before we agre: that it has an effect? Or is a five m.p.h. 
drop adequate? Is there anY way we can accumulate the ex~erience of the 
many speed reduction studieS done in circumscribed areas and derive an 
expected pedestrian accident reduction - at crossings - for a range of 
speed reductions? 

If we are to at least tentatively accept conflict reduction as an 
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objective, we are confronted with complex observation criteria and techniques. 
Multiangle video monitors are the immediate devices that come to mind, yet 
here the technology is but a relatively minor component. Scoring and 
classifying such conflicts, given many possible contributing factors preceding 
and accompanying the "conflict" such as a loud noise, sudden wind gusts, or 
distraction for either or both entities presents some serious problems. 

To digress for a moment and pursue the capture of conflict data, a 
recent evaluation of the U.S. automobile bumper regulation [41, involved 
a survey of unreported, low speed collisions [51. The regulation required 
damage protection at impact speeds of five miles per hour. Of interest is 
the finding that about one in five cars on the road (22 percent) is involved 
in a low speed collision each year. "Low speed" was defined as a collision 
where there wp.re no injuries and the cars were driveable after contact. 
Fourteen out of 22 percent of the drivers do not report such incidents to 
either the police or an insurance company. Insurance claims are filed by 
another seven percent. In unreported incidents, half of the cars were 
damaged. That is, some seven percent of the cars on the road, each 'year, 
incur some property damage which is not reported. 

One would expect a "potential" conflict situation to arise more 
frequently than a low speed collision thus providing a substantial data 
base even for an evaluation of safety measures in an "area". There are 
limitations and criticisms which we have to consider. The ability of a 
respondent to recall an incident, particulars about the incident, and when 
it took place. In the low speed accident case actual collisions (though 
many with no damage) were solicited. If incidents such as near misses, or 
other noncontact conflicts (perceived risks) were sought one might expect 
far more dissipation of retained facts. There are techniques to improve 
recall and validate the response, which were employed in the survey. The 
use of a surveyor interview technique, however, still leaves the many questions 
of conflict definition and classification unanswered. 

We will return to these issues again, but before proceeding further, 
another case study is introduced and described. It is an evaluation of a 
safety measure where the objective is quite similar to the previous example. 
There are, however. important differences ranging from the political environment 
to the data used for analysis. 

3.2 The Model Ice Cream Truck Ordinance - An Experimental Field Test [61 

Vendor-related accidents involving young children, aged two to ten years 
of age, were identified as a type of "dart-out" accident. While they are 
shown to represent only two to three percent of pedestrian accidents in such 
cities as Los Angeles and Detroit, they are likely to be underreported since 
the presence of an ice cream vending truck is ·not always recorded by police 
investigators. 

3.2.1 Conduct of the Field Test 

The field test required that a city adopt a special ordinance 
applicable to ice cream vending trucks which, in brief, stipulated that 
these vehicles be equipped with a horizontal swing out stop signal arm 
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containing two alternately flashing lights. Additional signal lamps were 
required to be mounted on the truck, visible for 500 feet. Drivers of cars 
approaching the truck, when in its vending mode with signal arm swung out 
and lights flashing, were to stop before reaching the truck. Thereafter 
they could proceed at a reasonable speed not exceeding 15 miles per hour, 
yielding the right of way to pedestrians. 

After reviewing accident statistics in several cities, the researchers 
approached the City of Detroit, which also met other requirements for the 
test in terms of the vending season and size of ice cream vendor operations. 
The city recorded more than 40 accidents of the target type each year. 

The entry environment was supportive. The governing body, a City 
Council, had held a public meeting to hear views by all interested parties 
on the problem. Not long after the city officials were approached by the 
research team, a resolution was passed by the City Council which authorized 
the conduct of a field test. It did take another seven months to adopt the 
model ordinance - mainly to specify front amber rather than red flashinQ 1iQhts 
(the latter were only allowed on emergency vehicles and school buses). 

More than codification was required since the support of vending 
businesses, who would have to spend $150 per truck for modifications was 
necessary to pass the ordinance. 

Accident frequency reduction was to be the criterion measure of 
effectiveness. Although the number of vendor accidents was small, it was 
expected to be sufficient for statistical accuracy. As in the previous case, 
speed was to be an intermediate measure - that is, speed in the approach, 
at and beyond the vending truck. Four variables were controlled: truck 
type, whether brand name or independent vendors; police enforcement level; 
socioeconomic area; and day of week - the inclusion of both a week and 
weekend day for radar speed readings. Chicago served as the comparison 
city. 

Another feature in this field test was an effort at public education 
through radio and television messages. In addition a telephone survey to 
assess the public's awareness and reaction to the model ice cream truck 
ordinance was planned. The survey was not administered since the number of 
surveys allowed under Federally sponsored projects at that time was curtailed 
to reduce the burden on the public. To wait until this survey could be 
approved under revised guidelines was not feasible. 

Speed measurements were made at ten sites in each city. five within the 
central city area, and five within outlying city areas. Measurements were 
made to equally represent morning and afternoon vending periods, weekend 
and week days, independent and brand name ice cream vending trucks. Common 
factors were: residential areas, street segments (not intersections), two 
way streets. parking on both sides. a 25 mile per hour speed limit and 
traffic flow between one and two cars per minute. 

Three speed measurements were made for each car: one at the block 
"entrance". one at the block "exit" and one at the truck. Radar measurements 
were recorded over a 15 minute span - the vending period. 

The field test speed data collection was conducted in seven waves. 
each covering two days. The baseline wave began in September 1975 and test 
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data were obtained during July, August and September 1976. The last three 
waves were conducted over three months in the following year. 

3.2.2 The Results of the Field Test 

Speed was reduced at the ice cream vending truck, from an average of 
28.10 to 15.65 miles per hour pre to post field test, during the three 
month period in 1976 (t = 33.28, df = 1000, P .005). No such drop in 
speed was experienced in the comparison city. The presence of the truck 
also caused a significant speed drop in the block "entry" and "exit" zones. 

At the truck, the criterion for a "safe" speed was either a complete 
stop, or between one and five miles per hour. A marginal condition was 
thought to be between six and fifteen miles per hour and sixteen and above 
was "unsafe". Just about all (99 percent) of the speeds measured before the 
field test were in the unsafe range. During the first three measurement 
waves (1976), 25 percent of the speeds were in the safe category (six percent 
of the cars actually stopped), between 23 and 27 percent were marginal and 
48 to 52 percent were unsafe. The comparison city sites yielded 
relatively stable speeds with more than 95 percent of the readings in the 
unsafe category throughout. 

No significant differences were found in speeds near the truck during 
week and weekend days. However it appeared that there was a trend toward 
lower speeds in outer city areas when compared to inner city neighborhoods. 

Vendor accidents averaged 48 per year during the three years before the 
field test year. Although the test started halfway through the vending 
season. 33 vendor accidents were recorded during 1976 (32.18% reduction; 
X2 = 5.05, df = 1, p( .05). The following year only 11 vendor accidents 
(77% reduction) were recorded (X2 = 29.16, df· 1, p~ .0011. 

3.3 Evaluation Issues Relative to the Case Studies 

There is no doubt that both cases were undertaken by competent and 
motivated researchers who approached their work with plans that reflected 
the meticulous scientific products expected of them. They managed to 
conduct their studies within practical and political constraints and, one 
certainly hopes, provided sound information to the process of decision-making 
by public officials. 

While accident statistics were sufficient in the Ice Cream Truck 
Ordiance case, they were numerically small. The Detroit area with a 
population of 1.5 million is more likely to yield enough such data than is 
a city of 150,000. 

Several aspects do emerge that deserve noting: 

o The interpretation of speed reduction, as an intermediate measure 
in terms of a safety improvement. 

o Definition and categorization of observations'on the presence, 
behavior and configuration of entities in motion (pedestrians, 
cars). 

o Use of public awareness, public education, and expected public 
feelings relating to their sense of safety. 

o Transferability of results. 

3.3.1 Speed Reduction Criteria - Use of Intermediate Measures 
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In the school crossing case, the 85th percentile speed, at the 
crossing within a speed zone (25 mph) and where enforcement was provided, 
stayed above the limit. It was reduced to under 30 mph (normal, posted 
speed was 35 mph) when pedestrians were present. Such a reduction (about 
seven mph) was considered to be sufficient to avoid receiving a speeding 
citation. The ice cream vendor truck field test yielded reductions of 
over 12 miles per hour, at the truck. The "area" size (population, density) 
offered the opportunity to compare vendor accidents. even though these data 
were numerically few, the reduction was large enough to be statistically 
significant. The school crossing case whose test "area" was much smaller - in 
population terms - did not have this kind of possibility and relied on a speed 
reduction criterion based on the "tolerance" level of the local police 
department. 

We return to the question of how much of a speed reduction "causes" 
how much of an accident reduction? And in the absence of significant accident 
data, what effect - in these cases - must an intermediate measure have in 
order to make judgements about safety stragegies? Both cases. it should be 
po.inted out, exceeded the typical expectation of a three to four mile per 
hour speed reduction . 

Perhaps we should not be pedantic when trying to relate speed reduction 
to accident reduction and simply go along with the common wisdom and 
experience and accept the concept. In so doing. however, one should not 
overlook the cost of such a safety countermeasure. It often requires police 
services and devices which mean budget decisions by local officials, and 
which brinqs us back to their possible concern about the validity of speed 
reduction as an intermediate measure. 

In the school crossing case, it was noted that the driver was motivated 
to comply with the reduced speed limit only when he perceived the need for 
caution - by seeing pedestrians. local authorities may prefer to work on 
ways to reinforce such motivations by more signs. road markings and education 
and one could well end up trying to measure some form of driver reaction -
other than speed change - by observation. 

3.3.2 Defining and Categorizing Observations 

Both cases used observational data. The presence of pedestrians was 
noted in the school crossing study and an observer looked for those instances 

where the stopping requirement at the ice cream vendor truck might 
yield rear end collisions or traffic back-ups (neither problem materialized). 

The difficulty of observing and categorizing even simple events like 
presence or absence in a dynamic situation is well known. Near misses of 
aircraft are regularly recorded and though not familiar with judgement 
criteria for such situations one assumes they must exist. As has already 
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been mentioned, contributing factors leading to or present during the closing 
of two or more moving entities should be identified and classified as part 
of an observation. The number of pedestrians, whether they are standing 
quietly waiting to cross, or whether there is pushing and yelling, can be 
observed. But how are such factors categorized when observing potential 
conflicts? Are we to observe the chain of events on the chance that a 
"near miss" or other defined conflict type will occur? 

To capture this kind of information, we cannot proceed along the lines 
of in-depth accident investigation nor overwhelm a locality with monitoring 
and recording paraphernalia whose presence alone may have a greater effect 
than the factors to be observed. And how unobtrusive really is a radar 
speed gun operation? 

Many study proposals deal with the subject of recording methods and 
criteria. There are suggestions that car drivers use voice recording 
machines while driving to document maneuvers, speed, traffic and road 
conditions, and so forth. Elaborate schemes for instrumenting cars are 
common. We can probably expect ways to record physiological impulses from 
the driver. All of these schemes could yield a large body of data in short 
order, but at a steep cost. The proposals, however, invariably come down to 
using human observers, after exhaustive discussion. 

The observation schemes are usually accompanied by statements that promise 
thorough training, and development of recording protoco1s which give the 
impression that little will be left to chance. The subsequent reality turns 
out very differently. We have found data sets which include a large number of 
incomplete cells (unknowns), not. to mention instances where training was 
sparse, and observers both underpaid and unsuitable. 

3.3.3 Evaluating the "Sense of the Public" 

Publicity was employed in both of our cases and as was noted, a planned 
survey of public awareness could not be conducted in the ice cream vendor 
ordinance field test. Neither evaluation, however, relied on this type of 
proxy measure to establish effectiveness. There is nevertheless a continuing 
urge by safety program managers - and evaluators - that somehow or other a 
measurement of "awareness" or "attitude change" can, if nothing else, at 
least "fill out the picture". Before proceeding, a statement by Griffin, 
et al. [21 serves as a basis for further discussion: 

"Some would argue that using 'public awareness and attitude 
change' as proxy measures may be the best indicators presently 
available with which to evaluate certain programs. Accordingly, 
they would argue that even though the correlation between these 
variables and the legitimate aims of highway safety is negligible, 
in the absence of other, more appropriate proxy measures, these 
measures should be used. This is not necessarily true. Bu using 
proxy measur§; which are inappropriate, a false sense of security 
is created. "-

l/lbid., p.32 
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With the focus on short-term, area-wide evaluations, the use of 
awareness and attitude measures is certainly tempting. Low cost, quick 
and subject to interpretation, such evaluative designs are often proposed. 

A public's awareness, mood. and attitude is at times quite volatile 
and dynamic and when measured often yields "socially acceptable" answers 
rather than accurate behavioral measures. One perceives such measurement 
as not much more than instantaneous opinion polls, given the attention span 
of the subject and the personal priorities of individuals in most of our 
societies. Even if a publicity campaign has registered attention, such as 
frequent local drunk driving media news segments, we are dealing with an 
acceptance of the situation or problem - but one which involves "the other 
guy" or depicts a situation - an accident - which is "not going to happen 
to me". In fact, a significant registration of "awareness" may only 
reinforce the notion that a problem is under control, and one can therefore 
expect a safer environment - the false sense of security. 

3.3.4 Transferability of Results 

The Ice Cream Truck Ordinance was a field test of a relatively novel 
safety measure. At the time, a number of cities could have been likely 
sites for the test and the one chosen probably offered the preferred 
conditions for a successful project. The local government's aspirations 
paralleled those of the researchers. Although not all project design 
requirements were met, such as the attitude survey mentioned earlier, and 
police enforcement (there were city budgetary problems whiCh resulted in 
layoffs during the first phase of the test), a respectable amount of 
cooperation was evident. 

This, of course is not always the case - the relative freedom of 
test area choice. As we have seen, evaluative work must often contend with 
area-specific safety applications and/or where funding incentives draw 
somewhat less than desirable, but willing, localities. 

While there are many situational and design differences in the two 
cases and a simple comparison of their respective safety measure effects 
is not appropriate, they do raise some issues about conducting evaluations 
area-wide. Would it, for example. follow that a successful countermeasure 
in one area can be expected to have similar effects in another area? In 
the Ice Cream Vending Truck case the effects may well be achieved in other 
places. Children's behavior near ice cream trucks would appear independent 
of city size. Yet one potential application transfer will not constitute 
a general law. It is this very issue which has been a nagging problem for 
national safety agencies who, under the banner of national leadership. are 
either charged with or take it upon themselves to be distributors of proven 
"high payoff" safety countermeasures. on the tenuous assumption that what 
works in place A will work everywhere. 

What is even more unfortunate are the generaltiies with which safety 
measures are recommended. Recognizing the practical difficulties under 
which even the well designed evaluations must be performed. much of the 
recommended safety practice still rests on perceived effectiveness, rather 
than field tests done by competent researchers. We should. however. not 
d; scard the transfer "theory". until we have further explored the conditions 
under which intermediate measures - such as speed - truly serve as surrogates 
to infer safety measure effects on accidents. 
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4.0 Multiple Countermeasures 

The coexistence of safety, environmental and land use programs, and 
countermeasures is probably more widespread than is commonly realized. 
The advent of the catalytic converter to reduce vehicle emissions, smoke 
stack exhaust controls, aircraft and plant noise abatement, special routing 
of hazardous cargo shipments, leaf burning restrictions, together with 
various road safety measures are present simultaneously. One can expect 
that at any given time changes in zoning ordinances, shopping center plans, 
expansion or discontinuance of public transport, not to speak of revised 
police patrol tactics and coverage will affect the quality of life over time 
- and the level of traffic hazards. 

While in overall urban and suburban planning the analytic tools of 
cost effectiveness and environmental impact analysis have become popular, 
the actual results of the various schemes, after implementation, have 
usually not been evaluated until problems or protests have emerged. 

At the very beginning of this paper, the example of an evaluation of 
a selective enforcement project, gone astray, was mentioned. With all the 
potential concurrent traffic safety and transit countermeasures present, 
it would have made for an interesting case study. This was not to be. 
There are indeed no apparent evaluative analyses that would serve as 
appropriate examples. 

4.1 A Multiple Safety Countermeasure Program 

One demonstration program employing several safety countermeasures is 
underway in Dade County, Florida (this includes the City of Miami) [71, 'and 
while it is not within our short-term criterion (it is a three-year project 
funded by the Federal Government) it could be if such a restriction were 
necessary. 

The county with a population of 1.27 million includes the City of 
Miami (population 335,000). There are several other cities in the county. 
The usual procedure for federally-funded demonstration projects is to 
contract with the local government to carry out and manage the operation on 
the basis of a plan which includes certain reporting procedures and 
financial accountability. The evaluation is normally done by the locality, 
often on a contractual basis with a local university or consulting firm. 

By definition a demonstration project is less rigorous than a research 
field test though appropriate evaluation designs, data collection, controls, 
and analysis techniques are required so that a project's effectiveness in 
terms of accident reduction and behaviora1 change can be assessed. 

The pedestrian countermeasure project in Dade County, Florida, was 
designed so that each participating governmental unit would have to develop 
cooperative operating procedures to carry out the various countermeasures. 
One important objective is that an evaluation of the countermeasures be 
adequate. Among the participating agencies are: the county traffic and 
transportation department, attorney's office, teachers' union and the city 
police force. 

Se much for the introduction. Many of the difficulties and subsequent 
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compromises inherent in placing a project into the real world have already 
been covered. The main purpose here is to give a current illustrative 
example of a mu1ticountermeasure evaluation attempt, one for which no results 
are available, and which is limited to pedestrian safety countermeasures. 
The following is a list of what is taking place at the project site: 

o A curriculum to teach safe midb10ck street crossing behavior to 
schoolchildren. (K-3) 

o A bus stop location ordinance which allows for moving the stop 
from the near to the far side of an intersection to cause 
pedestrians to cross behind the bus. 

o An intersection parking ordinance which prohibits parking or 
standing within 50 feet of the intersection on the approach side 
of marked crosswa1ks, and 60 feet for all other intersections. 

o An ice cream vendor ordinance - with which we are now familiar, 
but which was not used since the local statistics had shown 
declines for that type of accident in prior years, and during the 
initial phase of the demonstration project. 

o Police enforcement for compliance with ordinances. 

o A public information and education campaign stressing the need 
for pedestrian safety, using 

* general news coverage, speeches, brochures, etc. 

* TV film clips, posters and games to highlight and 
reinforce- the school curriculum 

* Specialized TV and radio announcements to publicize: 

- The ice cream vendor ordinance (this was dropped 
since the ordinance was not used) 

- The threat to pedestrians when crossing in front of 
a stopped car(s) and being hidden from the view of 
drivers in the next lane 

- The danger to a pedestrian when a car makes a turn 
or is merging into traffic and its driver fails to 
notice a crossing pedestrian 

- The risks of crossing in front of a bus 

Each of the safety measures is directed toward reducing the implied 
failures, assumed to cause the specific types of accidents. For example, 
the typical dart-out and mid-block dash accidents involving children under' 
ten years of age are addressed by both the school curriculum and TV film. 
The curriculum incorporates the "stop at curb" and "look left, right and 
left again" procedures. 

Accident data for this mu1tiyear program given an area of considerable 
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size and population. is expected to be sufficient for statistical analysis. 
Observations. phone surveys and interviews are used to obtain behaviora1 
and awareness data. It is a classical "before and after" design with a 
comparison site, Hi11sborough County, which includes the City of Tampa, 
Florida, some 230 miles away. 

Given the mix and overlap of some of the countermeasures it may well 
be difficult to isolate their effects. The school curriculum for "look 

. out" training may well synergize with parking set-backs. Both chil dren 
and adults may respond to TV and radio messages. 

While this project has a multiple safety measure feature, the evaluation 
will probably fall short if one expects it to be as rigorous as one for 
a field test. It is, however, too early to make judgements on what single 
measure, or synergistic effects can be documented. 

5.0 Causal Factors 

At a symposium conducted in late 1975 [81, several papers turned to 
the topic of methods to determine the causes of accidents. Causal factors 
structured in various ways to develop models which in turn would describe 
the sequence of events leading to accidents have been attempted many times 
in the past. The process is largely based on a clinical approach such as 
in-depth accident investigations whereby detailed findings of fact are 
strung together in hierarchical chains or networks. 

One approach that might illustrate an initial step in formulating 
intermediate measures and that conceptually is part of a causal structure 
is the work done to identify and define "unsafe driving actions" (UDA's). 

5.1 Unsafe Driving Actions 

On the assumption that an unsafe driving act, such as speeding or 
failing to stop at a stop sign, contribute to the risk of having an 
accident, a study was commissioned by the National Highway Traffic Safety 
Administration [91 to identify such acts (UOA's). The study further 
determined their frequency on the basis of: 

o Police accident reports 

o Citations issued for committing UDA's 

o Observation of UDA's by the driving public 

Each data set produced a frequency ranking. and by studying the 
relationships of the ranked frequencies, it was possible to ascertain 
relative risks. For example. if "following too closely" was reported by 
police as a factor in 20 percent of accidents, and "speeding" in 40 percent, 
yet from observations Of traffic, the incidence was one and 50 percent, 
respectively, it appears that "following too closely" is particularly 
hazardous when compared to "speeding". 

The citation frequency ranking of UDA's was compared to the accident 
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risk rankings to find out whether there is a relationship between the most 
"popular" citations and UDA's having the highest accident risk. 

While this is a very simplified description of t~~ work done in the 
study, it may be of interest to look at some resu1ts.-' 

No. of No. of Relative I No. of 
Type of UDA Accidents Observed UDA's Accident Risk Citations 

Following too closely 4193 
Pulling in front 2361 
Turning in front 1226 

479 
51 
9 

21 
101 
320 

307 
215 
363 

Stop sign/signal 
violation 1151 

Speeding 980 
Driving left of center 748 

225 
3312 
187 

12 
7 
9 

11877 
31250 

643 

No UOA's 28591 1.0* 

*Assumed to be 1.0 

To the researchers it seemed apparent that enforcement is concentrated on 
what may be those unsafe driving acts involving lesser risk. While there are 
relatively few citations for the first three UDA's on the list, these are 
difficult to observe and enforce. and are not necessarily illegal. While this 
is but one study and not necessarily conclusive. one might wonder about the 
value of countermeasures targetted against speeding. and evaluation designs 
using speed change as a surrogate measure. 

Additional research is underway to confirm some of the findings about 
accident risks on the basis of unsafe driving acts, better ways to conduct 
roadside observations, and to define certain predisposing factors in more 
detail. 

6.0 Measures of Exposure 

Improvements in safety are usually measured by the change in accident 
- particularly fatality - rates using vehicle miles travelled (VMT). 
population, registered vehicles or licensed drivers. as measures of exposure 
or population at risk. It is done on a national or State basis in the 
United States. These are, however, measures which could neither be readily 
obtained, nor uniformly applied in many area-wide evaluations. 

6.1 The Use of Exposure Measures 

Normal practice for area-wide studies seems to favor standardizing factors 
relating to exposure. either through control sites and/or traffic flow rates 

4/l. S. de Savornin lohman, E. C. Leggett, and B. J. Campbe11. 
- Identification of Unsafe DrivinQ Actions and Related Countermeasures, 

(Springfie1d. Virginia: National Technical Information Service. 19i5, 
DOT HS-803 064). p.78. 
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at the sites. Exposure like so many other factors has to be defined to suit 
specific cases. The number of trips within, to or from an area, in mileage or 
time classes, may be a useful exposure measure, given area size restrictions. 
On the assumption that unsafe driving acts could be used as intermediate 
measures, the number of these per average trip time (or mileage) could be 
explored. This, however, leads to the need for information about the type of 
trip. For example, changes in gasoline supplies and/or prices affect segments 
of the population in different ways - the most likely effect is on discretionary 
travel. These are the kind of trips thought to involve more risk - potential 
failures - and therefore more likely to lead to accidents than commuting trips. 
While the concept may be interesting, applying this approach to an area may 
well be an insurmountable problem since trips originating outside the area and 
either ending or continuing through the area could not easily be counted. 
Unless one stations observers at main artery boundaries, even simple cordon 
surveys cannot be conducted. 

Accidents at intersections serve as an example for a potential exposure 
measure. Here exposure might be expressed as the number of vehicles negotiating 
an intersection. While this exposure measure may not serve as a surrogate safety 
rating, it is surely one which can be obtained by count and used in conjunction 
with an "unsafe driving act" such as a stop sign violation. 

Exposure measures for pedestrians present a more complex problem since 
being a pedestrian is not a discrete status during a "trip". Car occupants 
after having driven to their general destination, park and walk to their 
specific destination, in the course of which they became pedestrians. The 
familiarity with certain walking routes is a factor to consider when contemplating 
exposure as a surrogate measure. The activities of children and the elderly are 
different not only from one another but do not necessarily constitute specific 
trips. 

It should be noted that a British study [101 defined and surveyed five 
pedestrian exposure measures: walking time. distance. number of roads crossed. 
number of pedestrian islands and pavements ("safe points") involved. and the 
number of paces an interviewer used to rewa1k routes indicated by the subjects 
surveyed. 

6.2 Value and Burden 

Although the preceding discussion merely highlights the potential use of 
exposure measures, this type of data may offer a basis of evaluative analyses 
provided research effort and resources are thoughtfully planned. Since there 
is no prescriptive definition of the "correct" measure of exposure, there is 
room for a good deal of creative work. 

There is, however, a burden which applies to measures of exposure and 
to their collection. While active or passive instrumentation has found 
widespread use in research, it is obviously cumbersome, expensive and usually 
limited. We always fall back to the observational method. Given good sampling 
procedure, rotation and proper recording protoco1s, it can be successfully 
employed. Much needs to be done, however, since the effects of weather, pay 
scale, conspicuity of observers, their training, and replacement can variously 
affect data quality - particularly where subjective judgement is required. 
With the constraints of "short-term and area-wide", it is all the more important 
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that great care must be exercised to ensure adequacy and accuracy. We also need 
to address automated. remotely directed devices for measurements whose 
feasibility, given the micro electronics explosion, might supplement or supplant 
observers. thus providing efficiencies and economies. 

7.0 In Conclusion 

There probably is a wide range of opinion in what is meant by 
area-wide and short-term evaluation. The roadway safety view may focus 
on specific localities where a change in traffic signals or traffic diversion 
has taken place to enhance safety. An area might be all city and suburban 
sections where safe street crossing countermeasures are instituted. The 
evaluation possibility is directly related to what and how much can be 
counted (measured) to satisfy the methods of statistical analysis. 

One has heard ever so often that the evaluation design must be 
simultaneous with the safety plan. that the choice and placement of 
countermeasures are contingent on the possibility for evaluation and that 
the manner of research be practical and scientific. Not all of these 
conditions will prevail, but that need not dampen the effort. Perhaps the 
most important contribution an evaluator can make is the clarity with which 
both the significant results and the limitations of the analyses are 
presented to the public. Without inherent evaluative credibility, myth 
and folklore about safety get an even break. 

Evaluation must be marketable. It's the only chance we've got! 
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Abstra~t 

SOME EXPERIENCE IN CANADA WITH PROBLEHS OF 

SHORT-TE&'1 EVALUATION OF SAFETY MEASURES 

J.J. Lawson, 
Road and }Iotor Vehicle Traffic Safety, 
Department of Transport, 
Ottawa. 

Facing the problems of lack of sufficient accident experience 
under controlled circumstances to identify the impacts of safety measures, 
researchers in Canada have turned to assessments of impacts on "inter
mediate" variables in the chain of accident causation. These include road 
user attitudes, knowledge, physical condition, self-reported and observed 
behaviour, and (in some initial experiments) perceived risks. Alternatively, 
assessments have attempted to use traffic "conflicts" as proxy measures of 
safety. 

questions: 
The paper briefly examines some of these efforts, considering the 

(1) can the evaluation techniques be improved so that 
conclusive results can be obtained; and 

(2) if not, are partial answers useful? 

~UCTlON 

The need for evaluation of the effectiveness of safety measures 
is well-recognised, as are the over3ll methods of effectiveness research 
(see for example the recent OECD report on Hethods for Evaluating Road 
Safet~Measures (1». These prescribe that effectiveness be measured against 
the ultimate criteria of accidents, casualties and other accident losses. 
In general the measurement should be through experimental research, in which 
groups of sites or subjects are administered the treatment and their perfor
mance compared to that of untreated control groups with .5imi13r character
istics, or compared to their own performance prior to the treatment. 

Unfortunately, such experimental evaluations are expensive and time
consuming, and constraints on their size or duration often in practice mean 
that it is difficult or impossible to obtain enough accident data to be able 
to recognise important changes. }Ioreover, there are fundamental problems 
imposed by imperfections of accident data and related data for evaluations: 
the appropriate accident methodology may be specified by the researchers, but 
cannot be implemented if the required data are not collected. 

With each of these constraints, there are two consequent questions: 

(1) can the evaluation techniques be improved so that 
conclusive results can be obtained? 

(2) if not, are partial answers useful? 

These are questions which we hope the Seminar will address, and 
which we shall try to cast a little light on from Canadian experience . 

EXAMPLES OF PROBLEMS IN SHORT-TERM EVALUATIONS 

Evaluations in our experience have been short-term either because: 
(1) resources for experimentation have been limited, or (2) the safety 
measures to be evaluated have themselves been short-term. 

Into the first group of cases fall many examples of very localised 
safety measures, particularly installations of road design changes or traffic 
control devices. Accident occurrence at any installation is so infrequent 
that installations would have to be combined in large numbers or monitored 
over long periods of time before reliable estimates of accident risks could be 
made. The necessary expense or delay required by the researchers may be 
considered unacceptable for a number of reasons, including an understandable 
aversion to a high ratio of evaluation expense to installation costs, as well 
as short-term budget restrictions. Then the nature of the evaluation has to 
change. The Department of Transport has participated in evaluations under 
such circumstances, when recognition that accident data would be insufficient 
has led to the evaluations being designed to concentrate on 'intermediate' 
criteria of effectiveness. These have included variables presumed to be 
part of the causal chain leading to accidents or variables presumed to 
correlate well with accidents (such as conflicts or perceived risks). 

Example 1 

A first example concerns the attempt to evaluate the effectiveness 
of certain designs of special pedestrian crossings, undertaken in 1978-79(2). 
The study examined 42 intersections in seven Cities, comparing three different 
types of pedestrian crossings: unprotected, protected by full traffic signals 
and protected by the speCial pedestrian signals (generally with flashing 
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amber lights facing traffic}. Average annual accident frequencies were 
obtained for each location from accident records in recent years (generally 
three years), but could not provide very reliable estimates of risks. The 
numbers of accidents were very low indeed: virtually all sites averaged less 
than one pedestrian accident per year, and many had no accidents at all 
during the previous three years. Comparisons of average accident frequencies 
{or of accident risks per pedestrian or vehicle exposed} among the three 
types of crossing could not reasonably be made. 

Instead, the evaluation attempted to assess the relative safety of 
each crossing from the behaviour of vehicles and peQestrians. A number of 
aspects of behaviour were observed, Rnd the assessment focus sed on the delays 
experienced by pedestrians and vehicles, on distances separating pedestrians 
from vehicles, and on compliance with the crossing controls by the two types 
of traffic. Some very tentative conclusions were drawn that the special 
crossings are likely to improve safety relative to unprotected crossings, as 
they tend to further separate pedestrians from vehicles without creating 
sufficient pedestrian frustration as to cause compliance to be eroded. In 
addition, the assessment included interviews with users of the various cros
sings, obtaining subjective impressions of their safety, which tended to con
firm the assessment based on observed behaviour. Of course, it was conceded 
readily that the relative safety of the different types of crossings was not 
proven, in the absence of reliable estimates of the risks of accidents and 
casualties. 

Finally, this example also illustrates another of the problems of 
evaluating local improvements: that of combining information on sites with 
differing traffic conditions. An examination of the characteristics of the 
sites in this study, chosen essentially at random from the subgroups of sites 
with each type of pedestrian crossing in the study cites, shows very wide 
variation in both vehicle and pedestrian traffic. As it is entirely possible 
that the safety of each location depends on these traffic flows, this further 
confounds the assessment made. A confident evaluation could only be made 
between groups of sites which were well-matched in their traffic character
istics, and such matching would be more and more difficult to achieve as 
the number of sites needed in the evaluation expanded. 

Example 2 

The second example is of an experiment in police enforcement, also 
confined by lack of research resources to a small number of sites (3). The 
study selected seven intersections, similar in traffic volumes, adjacent land 
use and traffic control. Six were subjected to treatments of increased police 
surveillance during peak traffic hours over a period of 20 days, while another 
acted as an untreated control. Accidents reported at these sites during the 
previous three years varied from 37 to 62, or annual averages of between about 
12 and 20. During the study period only about 12 to 15 accidents could be 
expected to occur in the absence of treatment at all the sites combined; 
while only 2 or 3 could be expected at the control site. Obviously the 
accident data would not allow a precise estimate of the effectiveness of the 
countermeasure. 

Instead the evaluation was designed to obtain observations of 
traffic violations and 'conflicts' during a 10-day 'before' period, 20-day 
study period and lO-day 'after' period at all seven sites. Statistical 
analysis of the violation records showed significant reductions associated 
with police presence at three of the sites, though with less marked reductions 
in the more hazardous types of violations (i.e. those more frequently associ
ated with accidents in police records). 

The observations of conflicts proved of little use to the 
evall1<lti r:<' Conf 1 ic t s were defined here as any abnormal deceleration, lane
changing or stopping to avoid collision. }!ajor problems in their obser
vation were encountered, the observers apparently taking longer to learn to 
record conflicts conSistently than was expected. This confounded recordings 
during the study period, leading the researchers to conclude it was "meaning
less to attempt to quantify the possible effects of enforcement on this 
varit1ble ll

• 

This example study also demonstrates another of the problems of 
evaluations mentioned above: the quality of accident data recording. Records 
of accidents were of course obtained for the study period, and showed the 
perverse result of increasing over the treatment sites combined. This was 
interpreted to be because the increased police presence led to more 
conscientious reporting of accidents by drivers involved~ 

A brief note on 'cenflicts' 

Conflicts have long been thought to hold promise as substitute 
evaluation criteria to accidents and casualties, being more readily accu
mulated in large enough numbers to allow changes to be recognised by conven
tional statistical means. Unfortunately, Canadian experience with definition 
and observations of conflicts to date have not fulfilled that promise. The 
attempt in Example 2 above to define and measure conflicts suffered from 
problems of achieving measurement consistency found commonly in conflict 
studies. More recently, a more objective definition of conflicts has been 
tested, using 'post-encroachment time' (defined as the time between a vehicle 
without right-of-way leaving a point in a traffic lane and a vehicle with 
right-of-way reaching it), which has been shown to be easier to apply with 
consistency (4,5). But the two limited attempts made to date to validate 
the use of such conflicts as substitutes for accidents at urban signallised 
(5) and unsignallised (6) intersections h"ve not been encouraging. 

Evaluatiop of shos_~-term measures 

The second group of short-term evaluations are those which are forced 
to be so because the countermeasures are short-term. Familiar examples of 
such measures are the short-lived campaigns or 'crackdowns' of law enforcement 
or public education. They may be confined to single cities or small regions, 
or may be national in scope, but have the distinguishing features of lasting 
only a few weeks and costing relatively little compared to many permanent 
countermeasures. The problems for the researchers are similar to those in 
the above examples, in that it is not expected that changes in accidents or 
casualties can be recognised with the necessary preciSion. This may be 
because it is impossible to establish well enough the expected level of risk 
for a single city or a small area over a period as short as a few weeks. Or 
it may be for the rather more fundamental reason that the hypothesised safety 
improvement, while it would be cost-effective, would be so small that it is 
beyond the researchers' ability with conventional statistical analysis to 
recognise. Thus for example the Department's national public education 
campaigns typically cost less than $1 million. These would be cost-effective, 
we expect, if they reduced casualties by about 1 fatalities or 250 injured, 
or various combin"tions thereof. With nation"l totals of over 5,000 fatalities 
and 250,000 injured annually, and considerable unexplained fluctuations in 
these totals, we could never expect to recognise such changes. Accepting 
this, and noting that evaluation research is expensive relative the total 
costs of such short-term measures, it is tempting fOT programme administrator>, 
to ignore evaluation altogether. 
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Alternatively, it can be argued that at least some of the effects 
of the measures can be determined, by research once again into effects on 
intermediate variables. This has been the usual recent response of researchers 
at the Department of Transport, as the examples below will briefly illustrate. 

Example 3 

At the beginning of 1976 the Department undertook a l3-week national 
public education campaign to promote seat belt use. Anticipating that the 
effects would not be distinguishable in accident statistics (which proved 
correct) an evaluation was designed to assess the effects on intermediate 
variables (7). It had been decided that the expense of surveys of road 
user behaviour was unwarranted given the size of the campaign, and the 
evaluation instead assessed effects on road user attitudes and self-reported 
belt use behaviour, through telephone surveys before, during and after the 
campaign. 

Statistical analysis of the survey responses showed that the campaign 
messages had been received by much of the target population. Attitudes towards 
some aspects of seat-belt performance were judged to have changed significantly 
{though sliehtly), while others showed no change. A minor increase in reported 
seat belt use was found, but was not statistically-significant. 

Example 4 

Later in 1976 Canada's law relating to driving while impaired by 
alcohol was amended, easing enforcement by allowing police to conduct road
side breath tests of drivers. The Department undertook a public education 
campaign early in 1977 to promote awareness of the new legislation. Fortu
nately, the new law was not proclaimed simultaneously by all Provinces, so 
part of the country still had the old law. The researchers were also success
ful in arguing for the campaign to be withheld from some regions where the new 
law did exist. It was therefore possible for an evaluation to be designed 
to assess the effects both of the introduction of the law alone and of the 
introduction of the law together with the campaign by comparing geographic 
regions subject to the differing conditions (8). 

The evaluation used telephone surveys before and after the campaign 
period, to obtain information on drivers' drinking habits, driving habits, 
and awareness of the new legislation. In addition an attempt was made to 
elicit from respondents their estimates of the probabilities of impaired 
drivers being (a) stopped by police and (b) charged with the offence if 
stopped. It was hypothesised that increases in these perceived probabilities 
were necessary prior to reductions in impaired driving and ultimately in 
accidents. 

Analysis of the survey responses showed that awareness of the 
legislation increased significantly (and substantially) where the campaign 
accompanied its introduction. Changes in the perceived probabilities of 
drivers being apprehended and charged were less clear. It was concluded that 
there was a statistically-significant increase in one of the probability 
measures used, when comparing regions exposed to the cam~~ign to those not 
exposed, but other measures showed no increase. And the importance of the 
observed increase can only be guessed, without validation of the relation 
between the measured variable and accidents. 
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The final example is of the slightly different case of a localised 
short-term measure, that of a single city's campaign of publicity and enforce
ment of a seat belt use law, for one month in late 1979. It was hoped that 
the campaign would have a substantial and lasting effect on seat belt use 
(averaging about 60% prior to the campaign) and therefore on casualties. 
However, estimates of the efficacy of seat belt use in accidents suggested that 
an optimistic 'substantial' effect would reduce total fatalities in the city 
bv only about 5-10%, and total injured by about half that proportion. Given 
the historical fluctuations observed in the city's casualties, it was reasoned 
that such effects would probably not be detectable using conventional 
statistical testing (as turned out to be correct). An evaluation (9) was 
therefore designed to examine the effects on intermediate variables, though 
in thit: case with the emphasis on road user behaviour, as the expense of 
behavioural observations was acceptable when limited geographically. A 
series of belt use observations together with attitude surveys before, during 
and after the campaign was designed, with an untreated nearby city studied as 
a control. 

The study showed that seat belt use in the treatment city rose 
substantially (to about 80%) during the campaign, declining over the next 
six months, but remaining significantly above the pre-campaign level (at about 
70%). Seat belt use in the control city was observed to decline marginally 
over the same period. An examination of survey respondents' estimates of the 
probability of being charges with an offence if not wearing a seat belt proved 
inconclusive (rising apparently significantly in both cities). And attitudes 
towards seat belts, as measures on ordinal scales, changed slightly perversely 
in the treatment city (suggesting to the investigators that attitudes and 
behaviour might change in opposite directions under enforcement). 

DISCUSSION 

The above examples illustrate the Department's practice of evaluating 
the effects of supposed countermeasures against intermediate criteria, which 
have been adopted once it has been accepted by the researchers that evaluations 
against accidents/casualties are not possible. Of course, it remains indis
putable that until we successfully link the intermediate variables to the final 
criteria variables we cannot prove the effectiveness of the countermeasures, nor 
their cost-effectiveness relative to alternative countermeasures. 

In defence of studying the intermediate variables, it can be argued 
that they can teach us a great deal about the linkages between variables, 
which is valuable in itself for our understanding of the safety system. In 
recent years our research designs and statistical analysis methods used have 
improved, so our assessments of the linkages, and the effects on them of the 
supposed measures, have become more confident. We have also learnt much about 
the reliability of our methods for estimating the variables. For example, 
our experience gained from evaluations such as those outlined above warns us 
that considerable caution should be exercised in using attitudinal variables 
of the sort used there. The inconsistencies in their changes and the lack 
of correlations with behaviour suggest that the measurement systems are 
inadequate, or the phenomena being measured are too transitory to be useful. 
Similar comments apply to measurements of perceived probabilities of enforce
ment activity, on our evidence to date. 

Of course, for certain of the intermediate variables, notably 
observed seat belt use or measured blood alcohol content, the justification is 
much clearer, as the links to accidents and ~asualties are quite well esta-
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hlished from in-depth accident investigations and laboratory simulatiuns. 
And a number of other variables can provide important evidence of the pro
bable lack of effectiveness of an experi!llL!Iltal countermeasure, when they can 
be argued (if not proven) to be n"Cl'ss3ry to effectiveness. For example, in 
the cases of our public education campaigns if we fail to get people to see 
the message:- we can be relatively sure of failure, even though we could not 
claim success just because people did Sl'e them. Similarly, in Example 3 
we obtained a good indication that we would helVe no signif lcant impact on 
casualties from the evidence that reported seat belt use did not increase; 
even though an increase would not have enabled us to estimate how effective 
the campaign was on casualties. Intermediate variables may therefore be 
guides to some aspects of the efficiency of the proposed countermeasures, if 
not to their ultimate effectiveness. 

In the light of the current practice described above, the Intro
duction suggested two questions to be posed. Some observations on possible 
answers are provided below. 

1. Can evaluation techniques be improved so that conclusive results c~n be 
obtained? 

In some cases such as described above, the answer must be an unquali
fied 'yes'. It is clear that some evaluations are inadequate because the 
necessary time and resources to obtain conclusive answers are not allowed. 
There are still advances to be made through convincing decision-makers and 
programme administrators both of the need for evaluations and of the 
possibilities for definitive evaluations to be made, if experiments can be 
widespread enough and can last long enough. 

The research expense must naturally be a concern, and it is 
inevitable that the more substantial countermeasure programmes, absorbing greater 
resources, will tend to claim evaluation resources sooner than localised or 
short-term measures. However, it is observable that initially limited measures 
(such as the campaigns in examples 3-5) are sometimes repeated at intervals 
or in other locations, and the resources devoted to them over the long term 
may be substantial - substantial enough to justify a major evaluation if fore
seen. This suggests that foresight of all possible future applications should 
be encouraged. 

It is alternatively possible that evaluations against intermediate 
variables will become much more conclusive, if the relationships between these 
variables and the ultimate criterion variables, accidents and casualties, can 
be revealed. It seems probable that specific research into the relationships, 
particularly between behaviour and accidents/casualties, will clarify the 
linkages. And research might possibly be more fruitful pursuing in-depth 
accident investigations, laboratory experimentation or simulation, rather than 
field implementation of behavioural programmes, with all the difficulties of 
controlling extraneous factors in the field. 

Another rather less conventional possibility of improvement exists 
in the proposal by Ezra Hauer to substitute an alternative decision analysis 
method to that provided by conventional statist,ical testing. Emphasising 
that the latter systematically biases against recognising effective counter
measures as being so, Professor Hauer suggests that Bayesian decision analysis 
techniques might be more appropriate (10). The suggestion is very stimulating, 
and appears to hold great promise. 

2. 

Te expand the question: is It likely that evaluations such as 
the examples giv,~n above will improvl' the allOCAtion of resources in this 
field or hinder it (by condoning ineffective measures)! The question is 
probablv unanswerable, capable of resolution only when our record of success 
can be assessed over the long run (and even then ,JP cannot know ho" nearly 
optimAl our choices ,vere). 

An easier question to answer is: are we aiding decision-making 
with such evaluations? It seems very likely that the reply of programme 
administL1tors and politiCians would be strongly affirmative. Faced with 
short-term deCisions over alternative uses of established safety budgets, any 
information on the likely effects is better than none. We are often able to 
provide quite well-established estimates of effects on some of the inter
rnediacc variables. Researchers are reluctant to make logical leaps along the 
chain of causal factors to infer how accidents will change as intermediate 
factorF change, but decision-making often requires much larger leaps, when 
much poorer information exists. 

This must not excuse us from continually seeking to improve our 
understanding of the relationships among intermediate factors and accidents 
(or conflicts and Accidents): decision-makers would no doubt prefer to receive 
recommendations \Chieh are better-established and more confidently made. But 
it does give us some justification for applying our best efforts to estimating 
the <,ffeets of countermesures on intermediate variables, if that is all we 
can do. Furthermore, it might be more and more teasonable, after all of the 
recent experience with research, to conclude that the clear guidance to 
effectiveness expected from conventional statistical testing of hypotheses in 
safety experiments will remain unattainable in practice. If so, alternative 
methods of deCision-analysis, explicity recognising the extent of uncertainty, 
should be explored. 

Summary of possible improvements 

1. Encourage further acceptance of sound evaluation methods, promoting more 
extensive experimentation; encourage foresight of likely future applications 
of short-term measures and recognition of long-term costs, justifying more 
extensive evaluation. 

2. Investigate relationships between intermediate variables and final criteria 
of accidents and casualties, to validate the use of intermediate variables 
as criteria of effectiveness. 

3. Similarly investigate relationships between conflicts and accidents. 

4. Investigate alternative decision analysis techniques to conventional 
statistical hypothesiS testing. 
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ABSTRACT 

Research b'.!dgets too often are among the first to be reduced in 
times of fiscal restraint. Public research organizations must 
remain aware of t:1eir public cl" ... aracter, since they function in -
politically competltve framevlOrks. They must be able to respond 
in a timely manner to top-level officials when the opportunity 
arises, or risl~ losing and alienating an important clientele. 

The objective C'f road safety research is to contrlbu'te to the 
content and direction of public decisions in the field by providing 
scien'tific and technical support. Yet, decisions often must be 
made on questions on which little or no definitive research exits, 
while moderate levels of controversy may require relatively quic:1< 
responses. Valid short-term methodologies can t.elp fill this void 
and can enhance the abil:i, ty of the research community to secure 
from the political-budgetary pro:::ess the level of resources required 
to carry on a broad range of quality research by increasing the 
visibility of its expertise. 

Short-term methodologies, though, must be kept in perspective. 
J'.lost decisions in road administrations arE: rather routine and are 
undertaken in a "stable ll environoent. This is conduci·le to applying 
the results of long-term research, wr..ich must remain the primary 
activity of research organizations. 

However, "opentr decisions, i. e., not routine and not foreclosed to 
staff input by highly charged controversies or by firmly established 
governmental posi -t:ions, offer the research community the opportlilli ty 
to apply short-term methodologies in a ~lseful and timely map..ner. If 
applied to appropriate questions, short-term methodologies can help 
research organ:l/ations to rea:::h' bJO important objectives: 

1. contribute to a broader range of p~blic questions; and 
2. secure the necessary resource;; in the future. 
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INTRODUC'I'IGN 

Research budgets too often are among the first -Co be reduced by 
ministries during periods of fiscal restraint. '£he current exper
ience among many Nember countries is no exception. Budgets for 
a broad rar..ge of research activities, including road ar..d trans~ort 
safety research :"o.vo been redUCed substantially in some Hember 
countries, either in current or in real terms. 

Because road and transport research, for the most part, is funded 
directly or indirectly by the publiC, the research (:ommunity must 
secure i'ts resources within a poli'sical-budgetary process. Yet, 
the nature of reseach often places the community at a distinct 
disadvantage in that process. 

That is, to retain its integrity, research must be detached from 
the day-to-day conflicts and competition that are a fundamental 
element of democra.tic government. Consequently, top-level officials 
very often are ,not properly exposed to the activ~ties of research 
organizations and they often remain unconvinced of the valuable 
contributions that research has made, and can continue to make, to 
a ministry's overall mission. Further, few public r2search organ
izations in any discipline have the luxury of broadly-based con
stituencies that can provide effective support to counteract the 
above disadvantage during tIle budget'ary process. As a result, 
unlike most pul)liC activities, research organizations, to a gre&.t 
degree, must secure their o~n clientele. 

This paper hopes to establish, by examining the nature of decision
makers and decision environmeats, that valid shcrt-term methodol
ogies are in the best interests of the research community, as they 
can fill part of the void that exists on questions that must be 
addressed quickly, but on which appropriately definitive research 
is lacking. Though these cases are relatively few, they tend to 
be highly visible to top-level officials. Therefore, the value of 
short-term methodologies can be two-fOld; (1) the research commu..11.
ity will enhance its capability to fulfill its primary mission of 
providing scientific and technical support to deciSions made iIl the 
field; and (2) the relatively high visibility of their applications 
will help strengthen the position of research organizations in the 
budgetary prOCESS by increasing access to and providing more support 
for an important clientele -- t.op-level officials. 

DECISIONM-~KERS AND DECISIONS 
The fields of Public Administration and Political Science offer 
considerable literature on the nature of decisionmakers and decision 
environments. Of course neither the nsture of decioons nor their 
environments are always the same. Decisionmak~rs, or top-level 
officials, bring with them a wide variety of values and intellec~1Jal 
frames of reference, plus varying degrees of familiarity with the 
substance of a field. Similarly, the environment in which a de:::isio( 
is made can range ~rom rou-:ine and stable to one that. is made nearly 
chaotic by a high level of controversy. 
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Decisionmakers 

Ervlin Hargrove succinctly summarizes the theme of much of the lit
erature in this field when he states that public 11 Gxecutives deal 
in ideas and images, not programs." This is indicative of the 11'::;
erature as it suggests that top-level officials have Ij ttle 'co no 
bacl<ground vii th "rhich to understand either the substantive field 
or the organ1zations in which they work. Though this characteri
zation may be accurate at times , it badly underestimates the s]{ills 
and intellectual capacity of top-level officials, many .)f ,':ho;~ b'!:'i:1g 
to their posts considerable backgrounds in their substantive fields. 
Further,: if Cl. serious shortcoming exis'c,s in an official's backgroL1Y!d! 
someone i.l.sually will fill the void to one degree or a!~other. That. 
"someone li will be either a career official who seeks to increase 
his ovm access I or an appointed official v[i th an appropria~v£ field 
of expertise. 

John D. Steinbruner offers a more useful tool wi +.h ',vhic!1. to under
stand top-level decisionmakers. He idel1tifies Lo opposite pOints 
on a spectrum and, presumably, every decisionmaker falls somer-lace 
within this range. Steinbruner characterizes decisionmakers "s 
lIuncommitted thinkers" and IItheoretical thinkers." Though his 
labels are uniwportant, his observations can be useLll here. 

Unco~~itted Thinkers 
The uncommitted thinker is characterized by a broad fa~!liliG.r 1 +7 
with Cl. field. Though his information may be hig!1.1y aggregated, 'l.2 
he must cope with a wide range of questions, he may cOLlplimenJ

.:; this 
aggregation with detailed knowledge (If a number of subjects in the 
field. 

Most importantly, the uncommitted thinker does not res'C!"ic-:: h~ msclf 
to a narrow range of ideas. He is not committed to a particular 
course of action in advance. He is willing to be convinced 0:,' the 
merits of another's ideas. 

The more firmly a decisionmaker falls on this side oi' the spc:trum, 
the more re2.listic is the chance that short-term methodologies can 
contribute to a decision. 

Theoretical Thinkers 
Steinbruner characterizes the theoretical thinl<er as having livery 
abstract and extensive belief patterns,1I which are based or. a I'2.ther 
narrow set of j:irmly held personal valu,::s. They are much more 
doctrinaire and less likely to allow themselves to be convinced of 
the merits of others' ideas. Rather, they are strongly cor.~ited to 
their own abstracted values and they aggressively attempt to 2,ffec-L 
public policies and decisions according to these values. \·.'henever 
research (or any other support function) fails to confirr.l these 
beliefs and values, it is dismissed as irrelevant or as not 29ing 
open to "new thinking." 
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The more fi.rmly a'decisio:1JJlaker falls at this end of the Si-w('tl'u"!:, 
the leE;:"; rectlist.ic is the chance thG.t s:wrt-tc:';;J methodolof;ics (;2\," 

contl"ibll"'::p ill a meaningiul WdY. 

In 1'ea1i t.y, of cour,~e, few (if e!,:,r) dec:!.~ic':~2.1:c:,:: fulfill c:: '~::2:;: 
extreme of the spectrulll as outlined here. \','hile a decisionr::;lj<':i:r :,hV 
be somewhat more 0:' sc;-r;evr!1.at less doctrjnc..ire or 0;)(:11 '~hall '.)'!::l':,l'~' •• 

most rely on varying mixes of abstracted values and at:gres~:Tcri ' 
information as a matter of neceSSity, depending on thp range of 
questions with which they must contend. In any event, most top
level decisiomnakers must deal with such a broad range of questions 
that they should not be expected to bring an in-depth substantive 
ImoVlledge v;i th them for every question. 

Decj_sionmakinFj Environments 

The literature generally classifies decisions as Rational, Political 
or Organizational (see Graham Allison). Rational decisions are the 
ideal. They are based on an identification of goals and objectives, 
analyses of alternatives and the selection of the best alternatives. 
Political decisions are the outcomes of competition anJong various 
interests. Organizational decisions are the results, or sums, of 
separate units acting independently, in \'rhich standard operating 
procedures (SOP's), formal and informal organizational structures 
are perceived to be the dooinating factors. As the literature 
suggests, most decisions, to one degree or another, reflect some 
characteristics of all three Ol these decisionmaking JIJodels. 

A variation of this framework (somevrhat sllgg.ested by Jerel A. Rosati) 
may be useful for the purpose of identifying when short-term metho
dologies can be productive. We can classify the environment in ',·rhich 
decis10ns are made as stable, open and foreclosed, with the degree 
of controversy increasing in the open and foreclosed envirorunents. 
Again, labels are not important, but the ideas may be useful. 

Stable Environments: ~he Majority of Roaa Decisions 
A stable environment combines aspects of Allison's Rational Rnd 
Organizational models. Controversy is completely or nearly absen~, 
and the question at hand clearly falls into an organization's 
field of expertise. These decisions are not highly visible ~~d, 
therefore, do not invite the personal involvement of an administra
tion's top leadership, nor that of competing interest groups. 

Rather, the decision is routine. An org~l1ization can apply a 
Rational model fuld its SOP1s. A stable environment, in fact, 
characterizes the ovenrhelming majority of decisions made in road 
administrations. For example, relatively few decisions are as 
highly visible or controversial as a "build/no-build" decision. 
Rather, most decisions are concerned with proper bridge or paiement 
design, proper barriers, repavement of an existing road, et9. 
Even after a controversial "build" decision, most subsequent deci
sions on a project wiJ} be rather routine. 

The follovring ·table illustrates the dominance of stable environments 
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in the decisiomnaking of the Federal HigblQy Administration of the 
U.S. Department of Transportation. The table classifies Federal
aid highway projects for 1979 according to costs. Though cost 
certainly is not the only factor that deter!:lines stabili·ty or con
troversy, it at least provides a sense of scale. 

The table shovrs that only one in ten projects cost olTer $3 million 
(FH\'lA's definition of a "major" project). If projects on the 
nearly completed Interstate System are excluded, only 5.89& of all 
projects in 1979 exceeded $3 million, with the med.ian cost being 
slightly over $250,000. Further, this table is limited to Federal
aid roads, '.vhi~h gen<>!'aJ ly are the mo::'e cost::.y and higher design 
roads in the U.S. This ,-!ould suggest that State and local road 
pro~rams are even more heavily dominated by smaller projects and, 
by lmplication, stable decisionmaking environments. 

CONTRACT SIZE 
(x Sl,OOO) 

0-50 

50-100 

100-250 

250-500 

500-1,000 

1,000-3,000 

3,000- 5,000 

OVER 5,000 

TOTAL 

620 

662 

1,289 

967 

780 

635 

143 

166 

5,262 

AV£RAGECOS'f---
OF CONTRACT 
(x $1,000) 

TA~Ll 

SUM~.ARY OF ALL FEDERAL-AID H]G;;,:,~Y Cl'~STqUCflml CO:;TRACTS 
CKlE~uAR YEAR 1979 

(BY COST OF PROJECT) 

~:\V"';L:' .. I'> 
--~----- ---

w " . . 
11.8 0.4 109 6.8 0.1 779 

12.6 1.1 179 11.2 0.3 841 

24.5 4.9 242 15.2 1.0 1.531 

18.4 7.8 222 13.9 2.0 1,189 

14.8 12.4 197 12.3 3.5 977 

12.1 23.7 329 20.6 14.6 964 

2.7 .12.4 lC2 6.4 9.8 245 

3.1 37.3 217 13.6 68.7 383 

~ % 

10.6 0.2 

12.3 0.7 

22.3 3.0 

17.3 5.0 

14.2 8.2 

14.1 19.4 

3.6 11.2 

5.6 52.3 

100.0 100.0 l,5gy--iooJ}-lOO.O---'6 ,85916~oo-.0---

849.0 2.566.7 1,249.0 

~: Bid Opening Report; Federal Highway Administration, U.S. DeFartment of Transportation 
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The sen:;;e of sc:~le provided by the ta~le ir.dicates that ::'esearcn 
~n the field of road transport has the reward of seeing its worl, 
appli~d in practice. Like all researcrl, road research must rest 
on t·,'IO inher-ent assumptions: (1) ca"..1ses and effe<:ts can be knO'l1l1 
ar.d identiLed; and (2) scientific io:nowledge is the preper basis 
on v:hich to !:lake decisions. The table suggests that these two 
assumptio:1.s Fire valid in the great majority of deoisions made in 
roae administrations. 

However, almost by definition, the o~portunity for short-term 
nethodol::Jgies to make il:lportant contributio:1.s is limited in a 
stable environment. Its very stability mea~s there is little 
need for quick results. 

Foreclosed Decisions 
At the opposite end of the spectrum from the stable environment are 
foreclosed decisions. They preclude the opportu;ity for research 
or any other staff function to provide meaningfu~ scientific and 
technical s1J.pport to a decisi on, and are characterized by one of 
two environments: 

a. a decision is highly controversial and requi:-:-es a political 
decision, with high personal involvement from top officials; 

b. a questio:1 that may not have been controversial inherently 
is made controversial by a Government's policy or by a 
strong sense of cOIllIni tment frot: a top official. 

In the fIrst case (a), decisionmal~ers must practice the art of 
their trade. In doing so, they also provide an il!lpOr-cant service 
to research organizations, as a highly charged controversy hardly 
provides an atmosphere that is cond"..1cive to productive research. 
Even the very best worl~ that can be produced is, under these 
circumstances, too easily misrepresented by the advocates of various 
positions. 

In the second case (b), no career professicnal need waste his own 
career nor the resources of his organization to produce work that 
can be actively identified as opposing a clearly established posi
tion of the Government or of a top-level official. In a foreclosed 
envh'o:l1llAnt, decisions often are symbolic or the result of personal 
resolve -- again, not the type of atmosphere that is conducive to 
productive research, Ehort-term or not. 

01)en Decisions: The Ouportlmity for Short-term IIethodol ogies 
Open decisions s.::-e neither routine nor f::Jre::losed. They are 
important enough to attract the personal involvement of top-level 
officials and may include manageable levels of ' controversy. They 
are open to influence as they lack both clearly established positions 
by the leadership and definitive research findings. 
Unlike the other two classes of decisions identified here, top-level 
officials are seekih[ some guidance in these cases. Secondly, their 
unce::,tainty and manageable controversy require some type of useful 
short-ter';n response. 
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If measured by the volume of an agency's activities, these decisions 
are relatively few. However, they constrrae a disproportionate share 
of an administration's resou.rces precisely becaU!3e they are neither 
routine nor foreclosed. they are hlghly visible to top-level 
officials and, consequently, the benaviour of organizations d~ring 
these decisions is also highly visible. Tne last thing a top-level 
officials needs to hear in these cases is "we will need two years." 
Such a response will immediately, and perhaps permanently, alienate 
an impor·tant clientele and will restrict future access to top-level 
officials. Conversely, a productive short-term ~ethodology can 
visibly remind this clientele of the wealth of expertise that is 
housed in research organizations, or the career sta;ff in general, 
and can improve the opportunity for reseach to contribute to a 
broader range of decisions in the future. 

When such an opportunity does arise, an informed sympathy for the 
decisionmaker is necessary. This includes a recognition that the 
high-level offioial is the point at w11ich n~~ero s lines of commW1-
ication meet. 'He is subject to a broader range of questions, con
cerns and pressures than decisionmakers at lower levels in the 
hierarchy.- Therefore, one should not expect even the best shor~
term methodology to provide the definitive "answer" 'co a question, 
as the varying levels of controversy ill2.y require that other 
considerations form part of the response. 

However, one can expect at least to help define the range of 
reasonable decisions. If this is done, the short-term methodology 
will have contributed a considerable degree of information and 
rationality to the decision. This is a rather limited goal, i.e., 
to help define a range of reasonable responses, but, if accomplis);pd 
regularly, short-term methodologies will have two important effects: 

1. the research community will improve its capacity to 
contribute to the substance and direction of public 
decisions in the field; and 

2. the relative position of the research community will 
be strengthened, thereby improving the chances that 
adequate resources can continue to be secured within 
the political-budgetary process of a ministry. 

CONCLUSIONS 

Because road aLd transport safety resea~~ch relies directly or 
indirectly on public funding, research Ls required to consider its 
position vis-a-vis other organizations in the budgetary process. 
Short-term methodologies, all their limitations notwithstanding, 
can be an important tool for maintaining or even strengthening 
that position. 

However, because the overwhelming majority of decisions in road 
administrations will be made in stable environments on rel~tively 
routine questions, research organizations cannot emphasize short-
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term l:lethodolof:ie to 'the c:ctri;:lent 01' n:ore tracti tien21 re~;earch. 
The strength of r s.:'. safety research is, ~tlld will rema:'.n, the !:lore 
traditional, appl ed long-ter;n research. 

Nevertheless, "open decisions" offer the research community a 
means by ',!hich to contrii:" .. lte cli rectly to nOD-routine decisions 
that are visible and cemplex el10Uf,h to COllsu:r.e a disproportionate 
share of an actministrat:i OY!' S energies ::md resources. Beca~se these 
decisions l'eqccire relatively quic), action and becctuse they are 
highly visible to top-level offiCials, llseful and timely contri
butions can enhance the position of one's organization within a 
lar-ce ministry. 

Though short-term methodologies should not be expected to provide 
"the answer" in such decisions, they can mal{e an important contri
bution to the rationality of a decision by helping to define a 
range of reasonable responses. This can increase the capability 
of the research cOllt~uni ty tofulfill its essential task of providing 
scientific and tecp..nical s'..lpporc to the substance and direction of 
public decisions in the field. Of comparable importance , it \!ill 
improve the ability of the research community to secure the resources 
it requires from the budgetary process in order to sustain a bread 
range of quality and useful research. 
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WHY AN EVALUATION OF 
TRAFFIC SAFETY t-'EASURES 

Ni co 1 e t~UHLRAD 
Engineer 
O.N.S.E.R., France 

Summary 

Traffic safety is a major preoccupation in most countries, 
and the high cost of road accidents justifies that large sums of 
money should be spent on safety research and safety countermeasures. 
Now, how to use the money as efficiently as possible? HOI-I to reach 
the best results in terms of numbers of lives saved and accidents 
avoided? How to assess these results? How to improve future safety 
policies? It is clear that there is a need for evaluation studies 
and definition of evaluation processes, adequately designed to answer 
the various preoccupations of researchers and policy-makers. 

The purpose of this paper is to list some of these preoccu
pations, find out which forms of evaluation are best suited to bring 
an answer to them, and state (briefly) \~hich kind of data is required 
to perform the task. 

We hope that it wi 11 contri bute to promoti ng a better 
evaluation of safety work, which will be a help for research and 
increase the general efficiency of safety action. 

I. RECOMt1ENDING STANDARD SAFETY MEASURES 

In most countries, it is considered a task of State agencies 
to draw guidelines for use by local authorities. These guidelines may 
include descriptions of standard road facilities as well as principles 
and examples for area-wide safety measures or educational programs 
and so on ; they may be used only as an aid for decision-taking at 
a local level, but it is often also required that the guidelines be 
followed in order to get state funds for the implementation of the 
safety measures considered. 

In any case, all the recommendations included in state 
guidelines have a common features: they must have been shown to play 
a positive part in improving safety in a general way, even though 
individual implementation results may vary according to the location, 
the population of road-users concerned, or the implementation process 
itself. 

Researchers working at a national level are therefore in 
charge with evaluating new forms of safety measures. When a particular 
measure is expected to prove very "effi cient", it wou1 d be ni ce of 
course to be able to check that through a fast evaluation study, in 
order to accelerate the implementation process. However, when figures 
of "efficiency" are required to get financial help from the State, 
the only efficiency recognized so far has been defined in terms of 
probable reduction of road fatalities; as a consequence, evaluation 
has to be carrled out on the basis~ actual road accidents, whatever 
length of time is needed for data collection. 

To yield results of a general value, such evaluation studies 
must deal with large accident figures and a variety of examples of 
implementation; if a local facility is being experimented (for ins
tance, a new pedestrian crossing), it will be necessary to take into
account several spots where it has been fitted; if it is an area
wide measure (for instance, improvement schemes for residential areas, 
or plans for traffic limitations in city centers), several areas will 
have to be included in the evaluation; if an educationna1 program is 
being tested, it should be applied to different groups of population. 
The size of samples to retain is linked to the variety of possible 
implementation conditions (the following recommendations should apply 
to most situations), but also to the amount of accident data required 
and the maximum time allowed to collect it : the greatest the number 
of locations or population groups, the shortest the waiting-time. 

Once the length of the data-collecting period and the size 
of the sample have been decided upon, a before-and-after study is 
undertaken: total accident and fatality figures are compared for 
the same number of months or years before and after implementations 
of the safety measure. When the evaluation process spreads over several 
years, possible changes in the general accident situation must be 
taken into account, and control samples have to be selected (though 
this is not always easy .•. ). Most evaluation studies of this kind 
are generally carried out over 3 to 6 years: they may be area-wide, 
but they certainly are long-term ! 

This kind of evaluation has been widely spread and the 
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corresponding process, shortly described here is well known and much 
used. But it is to be remembered that the results obtained this way 
have only an administrative importance and an indicative value (a 
safety measure which generally works efficiently may still have 
reverse effects on particular locations or Undel" pat,ticular imple
mentation circumstances). It must also be noted that, even though it 
is most often researchers that must perform the evaluation task, this 
kind of results is virtually of no use to them as it won't give any 
information as to how the safety measure works or in which way it 
could be made more efficient. 

I1. CHECKING WHAT HAS JUST BEEN DONE 

Once the implementation of a safety measure, a-priori assumed 
to be efficient, has been decided upon and carried out locally, the 
body responsible for it, most often a local authority, could be consi
dered as having achieved its end. HOWever, things are not so simple 
and a number of questions arise that justify a new form of evaluation 

- local authorities may have to justify the results of their safety 
policies, in view of coming elections or in order to obtain further 
funds for future safety action. 

- it has been seen that a local measure, even when proved efficient 
at a national level, may not have the expected effect on all imple
mentation locations. Real effects must therefore be checked, in 
order to be able to counterbalance them rapidly by taking comple
mentary measures, should the first results appear negative (or not 
as positive as hoped). 

- some safety measures may induce unwanted side-effects, unforeseen 
when the general evaluation was carried out. In some cases, these 
side-effects appear very important and can be felt very negatively 
by the road-users, even if they do not in fact cancel completely 
the safety effect of the measure concerned. It is a task for the 
local authorities to detect them as quickly as possible and take 
the necessary course of action to reduce them, before the benefit 
of their safety policies is destroyed, in real terms or in the 
mind of the local road-users. 

The kind of assessment that is needed here has been termed 
in this seminar "product evaluation". Again it should answer the ques
tion of whether a particular safety measure works or not, but this 
time at a local level, which means that only one or a small number 
of implementations is to be considered, and in the short-term, a 
local authority being allowed a period of months rather than years 
to render as positive an account as possible to its constituents. 
Hhen the safety measure under examination is a physical one, evaluation 
should be carried out, not only on the spot or the area where is appl ies 
directly, but also on as ~,;de a neighbourhood as necessary to take 
into account all the possible side-effects: it 'appears therefore, 
that even measures corresponding to pin-point locations (such as a 
particular crossing facility, a traffic light, a forbidden left-turn, 
ans so on) may well justify an area-wide evaluation. 

It is now clear that the form of evaluation study required 
here must be based on short before and after periods, of the order 
of one year for instance, and that the limited application field of 
the local measures under examination makes it (hopefully) unlikely 
to collect a large amount of accident data: comparisons between 
numbers of accidents or fatalities will prove, in most cases, without 
any statistical meaning, even when area-wide evaluation is undertaken. 

Some substitution data is therefore needed ; it must be in 
some way linked to lnJury-producing accidents (both sets of data must 
at least show parallel variations in numbers) and collected over short 
periods of time. Researchers have so far considered two types of new 
safety indicators: 

- traffic conflicts, counted over a period of a few days, according 
to techniques developped in several countries. 

- items of road-users'behaviour, defined in relation with the parti
cular safety problem at hand as likely accident factors (for ins
tance, going through a red traffic-light, refusing priority to a 
pedestrian ... ). Observation of those items of behaviour can also 
be carried out in a matter of days. 

Evaluation studies on the basis of conflicts counts or 
behavioural observation can, of course, be performed by researchers 
but the task at hand is not so complex, once proper definitions are 
agreed upon, and teams of observers can be trained locally, to be 
rapidly available as soon as a safety measure has been accepted for 
implementation. Indeed, the training of. local people to use the new 
evaluation tools may prove absolutely necessary in view of the short
term requirements. 

This type of evaluation may, however, be of some use to 
the researcher himself, especially as experimental studies now tend 
to develop, involving the collaboration of both field engineers or 
technicians and people from research institutes interested in testing 
their findings through monitored implementations. A study of the 
side-effects arising under some circumstances is, for instance, of 
general value. 

Ill. UNDERSTANDING HOW A MEASURE t~ORKS 

Short-term "product evaluation" is necessary, but not 
sufficient in many cases. Discovering whether a measure works or 
not leads immediately to the question: "WHY?". Trying to find 
out what a measure actually does once implemented, which has been 
termed as "process evaluatlOn", is very important for several reasons: 

- when local action has proved inefficient (or, at least, not effi
cient enough) through short-term "product evaluation", the conclu
sion is only that something has got to be done about it ; but what? 
There is not much immediate information as to what went wrong, and 
unless the fault is an obvious one previously overlooked, more 
investigation work will be needed prior to defining improvements. 
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- when a local application of a generally considered efficient measure 
yields unsatisfactory results, it is logical to try and find out 
which local factors reduced its efficiency, in order to restrict 
the conditions under which this measure is recommended, or to 
suggest adaptations. 

- a safety measure is always designed with underlying assumptions as 
to how it should work: for instance physically restralnlng some 
dangerous action of the road-users, or influencing behaviour to 
make it safer, or eliminating accident-prone physical features of 
the road or the environment. Unfortunately, a measure might not 
work the way it was intended to ..• It is important for the engineer, 
the planner or the researcher to check their assumptions, not only 
to improve matters locally, but also to improve future safety action 
and research. 

In short, most progress in safety policies and safety 
research depends upon "process eva 1 uati on". Thi s wi 11 even become 
more important as experimental studies develop, with safety measures 
being implemented in a more flexible way than has been the case in 
the past. 

Given the questions it is meant to answer, it is clear 
that "process evaluation" should be carried out mostly in the short 
term and should have a descriptive value rather than a quantitative 
one. Accidents, if they occur, can be of use only lf the way they 
happened is thoroughly analysed. Traffic conflicts are a possible 
indicator, if conflict-data is collected ln a detailed way. Behavioural 
observation is the most flexible tool available and should be taken 
here ln a broader sense than where "product evaluation" was concerned: 
the items of behaviour to investigate may be defined in relation with 
the local accident problem, but also with the assumptions on which 
the safety measure is based, or, more generally, behaviour can be 
monitored to detect any significant change. How to influence behaviour 
is a research subject in itself! 

Obviously, this particular form of evaluation is best suited 
for researchers and local people who have a special interest in traffic 
safety. An evaluation study of this kind has to be designed in view 
of each particular problem, including the area to which it applies, 
the necessary technical tools and indicators, and the methods of data 
collection. There is no possible recipe on guidelines as to how to 
proceed, and a certain amount of methodological training is therefore 
necessary for the people in charge of the study. Short-term "process 
evaluation" is difficult (and actually still experimental), but the 
amount of information to be expected makes it worth the effort. 

CONCLUSION 

We have tried to sho~J hO\~ necessary a task evaluation was, 
for policy-rrekers, for planners, engineers or technicians dealing vlith 
traffic safety in local authorities, and for researchers. Unfortuna
tely, this task has been performed so far only in a very restricted 
way. Long term evaluation based on accident data raises no problems, 
but as soon as new safety indicators are needed (short term studies) 

and whole physical areas have to be considered, evaluation tends to 
be forgotten, and examples of proper fol1m'i-up studies are very rare 
indeed. 

We hope that this paper will contribute to promoting a 
better evaluation of safety work, which will be a help for research 
and increase the general efficiency of safety action. Tools and 
methods are available and people can be trained ! 
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PRINCIPLES IN SHORT-TE&~ EVALUATION OF SAFETY MEASURES 

SUM.~RY 

Civ.eng. Matti Roine 

Roads and Waterways Administration 

Finland 

The last development in the field of technics has solved many 

problems in applying theory to the practise. This is how 

short-term evaluation of safety measures has become more and 

more important and aL the same time very much has happened in 

the theoretical development. 

With short-term evaluation there is a better possibility to 

get an insight of the real process of the traffic. We are 

able to measure the basic changes in the variables that 

connect behaviour for instance to the improvements of safety. 

At the same time we anyway meet new challenges like questions 

of generalizing of results, controlling factors and planning 

of test arrangements. 

The experiences we have show that short-term evaluation can 

be a very useful tool in producing information for decisions. 

Methods have been used often in giving quick answers for 

restricted and practical questions. Relevant hypothesis should 

be tested and also the exact control of the possible affect~ng 

variables is an prerequisite for using the results in safety

work. 

We cannot give up the use of statistics. They have their role 

at least in everydays- safetywork. Short-term evaluation of 

safetywork has its advantages in the possibilities of quick 

analysies and in the tight contacts to the explaining variables. 

INTRODUCTION 

Road Administration is in Finland responsible for improving 

safety on public roads. In this work the road authorities 

carry out annually numeral measures. Part of this work consists 

of research and developing of safety measures. 

When the state of safety on the roads has improved signifi

cantly as 1n Finland during the last Len years, marginal out

put of new safety measures decreases. Resources are scarce but 

still those making decisions wait for quicker and more accurate 

answers. This is where short-term evaluation can be useful 

if scientifical and practical questions are overcome. 

On the other hand better safety is £X>ssible to reach only by safety

work with clear objectives. Because the problems today also in 

Finland are in densely populated areas as in cities and their 

neighbourhood there is more need for area-wide plans and prog

rams for the improvement of safety. In these plans we handle 

simultaneously higher level safety measures and traditional 

improving methods. Effect on the safety is a very important 

matter but difficult to answer when bearing in mind that there 

is a lack of information even with separate minor safety 

measures. 

In the following short-term evaluatinn measures are studied 

mainly from the practical view. Stress is in the role of these 

evaluations and the suitability in giving information for the 

decision-makers. 

BACKGROUND 

For a long time short-term evaluations using behavioural 

measurements have been dependent on equipment and suitable 

methods. Now when we have small and handy microprocessors 

this problem is mainly solved and does not harm studies.lt is now 
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important to develope theory and test arrangements which can 

measure the relations and connect behaviour in traffic to 

safety. Road Administration has been developing conflict 

method for its own purposes. At the same time several studies 

have been made to resolve efficiency of certain safety mea

sures. F6r this same reason also behavioural studies have 

been done. Beh~viour, especially speed of the traffic will 

be followed continiously because this variable is related 

to the general development of safety in many ways. 

Role of short-term and area-wide evaluations 

These evaluation methods are very popular today in the field 

of safety. We have seen that the safety is not only traffic 

and accidents but a lot more. Safety is a part of the standard 

of living and it affects possibilities to take part into 

activities of society. Area-wide evaluation of safety mea

sures is also an important part in the developing of new 

evaluation methods. Many times we may succeed in lowering 

the risk in a certain part of the area but transfers of 

traffic cause more accidents elsewhere and often also other 

nuisances as noise and pollution. What the result is depends 

on the whole group of traffic objectives and their priori

ties. 

General views 

We are not giving up using accident-statistics in the safety 

evaluations but we have been able to see that these studies 

have many restrictions. When there is a need of quick decisions 

- as it is nowadays - studies based on statistics might take 

years and are not always possible. With short-term.evaluations 

data is gathered at least during some months. Also the systema

tical errors in statistics are avoided. 

In Finland many of the short-term evaluations are used in 

giving answers to quite specialized problems that are accura-
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tely defined. A measure should cause some kind of change in 

the traffic. This change is connected with the changes in 

accidents 111. These two aspects reflect the background 

of short-term evaluations. Reduction of accidents has its 

causes and these causes are normally measureable. When the 

changes happen in real traffic modern technology is often 

easy to apply. When the change is concentrated for instance 

in vigilance there is a need of profound testing methods. 

Theoretically we are able to make causal conclusions when 

the both changes mentioned above are measured. However, 

these conclusions cannot always be generalized. 

For the background of the evaluations we might think that 

traffic consists of a great amount of incidents. Accidents 

are a rare incident among these all. The normal way is to 

group these incidents in traffic-incidents, conflicts and 

accidents 12/. With accidents we have difficulties such as 

representativity of statistics and the long time needed for 

the analysies. The effect of safety measures is difficult to 

proof without taking also account of exposure. This is the 

other main factor of which we often lack data. In short-term 

evaluations these difficulties can be avoided. 

We should be able to measure also safety from the point of 

view of feelings of unsafety. The methods based on accidents 

have defects when we are dealing with unactive population as 

pedestrians-children and old people. Certain activities will 

be left out and acting in the surrounding might be restricted. 

When there are no accidents we might think that there are no 

safety problems. There is a possibility to measure this feeling 

of unsafety through measuring behaviour. This can be done for 

instance so that we measure those activities people have to do 

because of great risk. They have to see their children off 

to school or they have to watch them in the yard and parks/1/. 

Findings 

In the positive safetywork we try to find out measures without 
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accident-statistics. Effective measures should be ap~lied as 

quickly as possible but they should be economical and those 

using them should also know the degree of effectiveness. 

When we are working with measures that are mainly carried out 

because of safety, short-term evaluations are pracLical. Often 

there is a situation where entirely new approaches are applied 

and no historical data is available. 

Even though short-term evaluations have very many good sides 

there are also limitations. Testing and measurements must 

have exact hypothesis which are based on reliable relations 

to safety. It is also sometimes difficult to achieve measurable 

variables even though we have microprocessors. When measuring 

behaviour there are often very many control factors which 

need to be registered. In many cases even when dealing with 

about the same questions the arrangements have to be changed 

because of testing places etc. This causes troubles in trans

ferability and ~ison of results. Changing conditions might 

cause the same problems as we have with accidents - ~nsuffi

cient data. 

Behaviour of the traffic is changing with time. Results based 

merely on behaviour might loose there usefulness in the 

course of time. Short-term evaluations should be dated as 

other studies. Then there is the question of money. For instance 

conflict sudies are often expensive because the data is compli

cated to analyze and many measurements are needed. 

With short-term evaluations we have to plan the collection of 

data and the relevant variables very carefully. There has to 

be right hypothesis of the relations, better understanding 

of the traffic and the process. 

APPLICATIONS 

In the following there are presented some results of short

term evaluation. The first part consists of three behaviour 
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oriented cases and the second of two typical conflict studies. 

These cases are dealt briefly and the practical value of the 

results is discussed. 

Short-term evaluation - behaviour 

Road Administration needed information about flashing beacons 

and pedestrian safety in school zones. A deCision should be 

made whether to use this measure or not, there was no informa

tion of the effects on safety. Because this was a new measure 

there were many things to find out. There were 9 studies in 

this project /3/: 

- effects of the flasher on spot roads 

- effects on changes in cars-speed and lateral displacement 

- effects of the location of the flasher 

- i~ediate responses of drivers 

- effects on steering and breaking responses 

- slowing down and giving way 

- timing of flashing periods 

- long-term effects, local and other drivers 

- correct understanding 

The results were that the new flasher reduces speeds, but the 

effect changes after some time so that the flasher mainly 

increases drivers attention. Anyway the flasher has no effect 

on slowing down and giving way on pedestrian crossings. With 

a warning sign the effects are better. The study showed that 

flashers could be used to enhance safety in cases where children 

are going to and from school along the road. Installation of 

it with a warning sign should be useful. 

In this study controls are made very carefully. The main effec

ting variables are studied. The only argument against it is that 

the measurements of which the result are based are made in the sane 

region. There might be some differences between regions with 

different conditions. Because of this some further experiments 

are made but the lllain questions have got answers. 
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Figure 1. The change of speed~ of the vehicles in autumn 

in one of the places 

Recently there has been much discussion of the rumble stripes. 

Road Administration made an experiment with the rumble stripes 

in junctions on the country side. Mai~ question was does this 

measur~ improve safety and is it eco~omical. In this study the 

speeds of the traffic were measured before and after installa

tion of stripes. After that there was an interview of road 

users, maintenance-study and a study of other effects especial

lyon noise-level /6/. 

Speeds went down after installation of the stripes. The 

effect lasted and did not vanish in time. Drivers apprecia

ted this solution but it increased noise-level in the surroun

ding. There was also a tendency that accidents decreased even 

though the data was restricted. Especially single-accidents 

seemed to decrease. Most of the important variables were 

controlled. This measure seems to be useful in the country

side and especially when the road with high speed-limit 

ends in aT-junction. 

The third study /4/ cons1sted of studying behaviour of 

pedestrians and drivers on the pedestrian crossings. This 

study was based on observations of the road users. Observa

tion method was tested and it was reliable and valid. From 

, ... , 
lOO 

"1 60 

I 
40 

20 

0 

'" 
--

40 

/' 

'" 

I 
I 

,. 
I 

I 
I 

I 
I , , , 

I 
I 

I 

00 

.-
I' 

I 

10 00 90 .00 

__ (I.ton 88-18 

___ ... Ah., 7.-rl 

'10 Sp.,cI 
("Mill. 

7 

Figure 2. Distribution of the speeds in a testing place 

the reactions and the behaviour of the road users in diffe

rent places there was a possibility to study crossings of 

male and female persons, crossings of persons of different 

ages, crossing in different weather and lightness-conditions 

and the relation between the behaviour of car-drivers and 

pedestrians. The study pointed out that the speed limit should 

not be more than 60 km/h and that pedestrian crossings do 

not have a high stimulating effect on the behaviour of 

the drivers. 

This study gave some critic to the use of the pedestrian 

crossings. These results tell us also something about why 

there happen so many accidents in the pedestrian crossings. 

Short-term evaluation - conflicts 

Road Administration has i~ the end of the 1970-s studied the 

usefulness of conflict method /5 . In these studies conflict 
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method has been used in 50 junctions by observers. When 

comparing results with the accidents we could see that cun

flicts did not always give the same information of the safety 

as accidents. There were also many differences between junctions 

The better conditions in the junction were .the better was the 

correlation between accidents and conflicts. We could also 

see that in Junctions with quite low traffic volume we should 

observe conflicts quite a long time to get reliable results. 

This study concludes that conflict method gives information 

about the general safety of the junction but cannot give very 

reliable results of types of the accidents. 
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Road Administration decided in 1980 ts replace crawling l~nes 

(right hand lane for slow vehicles) by overtaking lanes and 

immediately study the effect of the change in safety with 

conflict method/l1;. Observat10ns were made in three locations 

with before - after-system using Video eqUipment. 

The study done by Technical Research Centre of Finland showed 

that under the new regulatiun where the left lane is over

taking and the right lane a driving lane, traffic runs smooth

ly and safely. There was some confusion in lane behaviour 

and right-of-way situations two weeks. after the change, but 

hardly any confusion three months after the change. The change 

did not seem to have any significant effect on the speed of 

the vehicles. 

After the study road authorities became sure that this change 

had not any bad effects on safety. When observing the traffic 

one could see that this mea~ure is a very good improvement 

and it obeys the right hand rule that we are used to. 

TOOLS IN EVALUATION 

Statistics in safetywork 

Safetywork nowadays is a great deal dependent on accident 

statistics even though we try to find other effective ways 

to evaluate the need of countermeasures. There are anyway 

many difficulties in using statistics especially in the 

practical phase when the places where measures are applied 

should be defined. Restricted resources and paradoxically 

the lack of accidents forces us to pay more attention on 

research and development work. 

In Finland there are accident statistics from three different 

sources: Central Statistical Office, Road Administration 

and the Finnish Motor Insurers-Bureau. Research projects 
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are carried out by which we try to find out what differences 

there are between these statistics, how many accidents there 

actually happen annually, why all the accidents don't come 

to the statistics and how the statistics should be improved 

so that they could better be used in safetywork. 

In practical safetywork when there is a need of countermeasure 

in a certain place only the statistics of Road Administration 

has direct contacts to other variables needed. Because of the 

fact that effective countermeasures also in Finland should be 

more and more concentrated to the built-up-areas we .. need also 

this kind of statistical register in towns. There is a project 

going on where this system is planned. 

Using damage-only accidents 

When thinking of the usefulness of using damage-only accidents 

we have to know how the general situation looks like. 

According to the new research reports /7,8,9,10/ accidents 

occur on an average to 3,5 % of the population in Finland 

annually. 

The police will be informed of about 30 % of all the accidents 

and insurance-organizations of about 70 %. Only about 25 % of 

the damage-only accidents will be informed to the police and 

the road authorities. The insurance companies will be informed 

in more than 70 % of the cases. 

Road authorities in Finland collect and localize annually also 

all the damage-only accidents that are informed· by the police. 

They are used mainly when trying to get a general view where 

the accidents happen and concentrate. 

It is not a new idea that one should try to use those statistics 

that have also a lot of damage-only accidents as statistics 

of insurance companies. In Finland the central difficulty i5 

that it is a hard task to try to localize accidents because 
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they are informed by the insurance taker with no exact control 

of the actual place. A recent study /9/ done by Road Administra

tion shows that different types of accidents are represented 

in different ways in statistics (table 1). 

Table 1. Correcting factors for types of accidents in one 

county when comparing the amount of accidents in the 

statistics of Road Administration (RA) and insurance 

companies (IC) 

Type of accident Correcting factor from RA 

statistics to IC 

Driving into rear 1.86 

Head-on accident 1. 45 

Crossing accident 1. 54 

Single accident 1. 10 

Pedestrian accident 1. 15 

Animal accident 1. 01 

Others 1. 66 
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ABSTRACT 

The research reported in this paper involved an evaluation of the potential 
for wide-spread application of low-cost accident counter-measures in reside
ntial areas where. typically, vehicular and pedestrian volumes are relatively 
low. It presents a summary of the procedure by which the counter-measures 
were evaluated against certain criteria and then compared one with another, 
in order that the most promising could be identified. 

Fifty three counter-measures were identified, within six strategies. Most 
have been applied in the UK, although not necessarily in residential areas 
or as a single measure. Evidence of the effectiveness of individual counter
measures is rare as most are commonly used as components of an overall traffic 
or environmental management scheme. Furthermore, despite the relatively 
widespread use of some of the devices, in general little examination of their 
effectiveness appears to have been undertaken. 

As a result this evaluation, in some respects, is subjective. The framework 
however, has been designed with this in mind and allows the adoption of 
alternative value-judgements and the consideration of their implications on 
the results of the evaluation. The results presented, where firm evidence does 
not exist are based on a range of plausible judgements and are relatively 
stable with respect to them. 

The research was carried out under contract to the Transport and Road Research 
Laboratory. 

1. INTRODUCTION 

Three-quarters of the national total of injury accidents on British roads 
occur in urban areas; of these, about one-third takes place in residential 
areas where traffic flows are relatively low. Although the number of accidents 
is large in total, they are diffusely scattered, rarely occurring in suffici
ent numbers at anyone location to be amenable to site-specific treatment. 
Previous research (see, for example, Da1by, 1979 and Da1by and Ward, 1981) 
has shown that inexpensive environmental improvement schemes, aimed at reducing 
traffic volumes and/or speeds, often have resulted in a reduction in accidents. 
This suggests that an area-wide approach to safety in residential areas, 
using low-cost measures as components of a comprehensive management stragegy, 
could be fruitful. The Transport and Road Research Laboratory has argued 
the case for a comprehensive approach to road safety in urban areas (TRRL 
Leaflets LF656/1977 and LF772/1979). 

In order to explore the potential of such an approach, research is being 
undertaken to establish the extent to which low-cost measures, applied on 
an area-wide basis, can contribute to accident-reduction in those parts of 
an urban area where site-specific measures alone are unlikely to make any 
appreciable impact on the overall accident toll. As part of this research, 
The Transport Operations Research Group of the University of Newcastle upon 
Tyne was commissioned to evaluate the potential effects of the widespread 
use of accident counter-measures in residential areas. One of the objectives 
was to identify those counter-measures that seem to be most generally 
applicable to the area-wide safety approach, using criteria that take account 
of different aspects of social and engineering practicability and cost
effectiveness. Th"s report describes the method used in this part of the study. 

As the investigation was concerned only with the use of counter-measures in 
residential areiJS, no conSideration was given to any possible use on rural 
roads, major inter-urban routes, urban arterial routes or roads in central 
areas, and the results given shou"ld not be taken as relevant to these. As used 
here, a residential area should be taken to mean an area in which the primary 
and predominant lill1d"'use is housing, although some commercial and industrial 
1 and -use may also be found. It shou1 d be bounded by, rather than contain, 
sections of the arterial (primary or district distributor) road network; 
internal circulation should be by local distributor and residential access 
roads. Access roads should have the single traffic function of providing 
vehicular access to fronting properties. whilst the principal traffic use of 
local distributor roads should be to connect the access roads to the arterial 
road network. In recently-developed areas these two functions are kept 
separate, but in the older areas the distinctions are blurred; local dis
tri~utors may also have to serve access functions for fronting housing, 
whilst through-traffic may make convenient use of residential access roads, 
so that it is not always a straightforward task to label a particular 
road within an area as "local distributor" or "residential access". Especially 
difficult in this respect are the "spine roads", of intermediate function, 
that connect a group of access roads to a local distributor, and wholly 
combine the functions of both. However, in view of other objectives in the 
study the distinction between "access" and "local distributor" has been 
maintained throughout. 

2. CLASSIFICATION OF COUNTER-MEASURES 

Six broad strategies have been adopted to embrace the range of possible 
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approaches to road safety when treated at an area-wide scale; these reflect 
the common objectives of traffic management, and thus provide the basis 
of a classification system for the counter-measures used to implement them. 
The strategies are: 

(1) Control of vehicle routes and volumes 
(2) Control of vehicle speeds 
(3) Modification of road user behaviour 
(4) Restrictions on stationary vehicles 
(5) Segregation of pedestrians and vehicles 
(6) Warning devices 

The counter-measures have been classified according to what is considered 
to be their main function, although in many cases they can be seen to contri
bute to more than one strategy. MOreover some sub-division of the strategies 
seemed appropriate. Table 1 shows the counter-measures that were identified, 
classified by strategy and, where appropriate, by subdivisions of this. 

The list of 53 techniques and devices was identified from the literature and 
from essential discussions with British local authorities. Essential to their 
choice was that they should be low in cost, and be capable of use within the 
existing boundaries of public rights-of-way. They were to be free-standing 
and not involve ofi1y minor modification to other counter-measures. Although 
the information was gathered from the literature of several countries, there 
has been, necessarily, la bias towards British sources, given the greater 
access to information collected in, and relating to this country. 

3. FRAMEWORK FOR THE EVALUATION 

3.1 The construction of the evaluation framework 

Although the terms of reference for the research required that appraisals 
be made of the effectiveness of each counter-measure, as a consequence of 
which some form of comparative evaluation should be conducted, it was clear 
that neither the evaluation nor the appraisal could be wholly objective. 
Even if comprehensive and compatible data for each counter-measure had been 
available, and this was far from the case, the process would require the 
comparison of different aspects and consequences of the various techniques 
and devices, and thus be akin to comparing apples and pears. Having accepted 
the need for subjective value-judgements, the first important aim was to 
devise a basis whereby they could be made in the most consistent possible 
manner. In recognition of this an evaluation framework was designed to fulfill 
two requirements: 

(1) to present information about each counter-measure as clearly and 
consistently as possible; and 

(2) to establish and explore the implications of different subjective 
value judgements, with a view to discovering the degree of sensitivi
ty associated with them. 

Providing a base to the framework were the seven criteria used to judge the 
effect of applying each counter-measure; they are described in Section 3.2 
following. The results from these judgements were entered on the Basic 
Evaluation Matrices, shown in Tables 2-7, where the rows describe each counter
measure and the columns relate to the criteria used. Thus an entry in a cell 
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represents an aspect of an individual counter-measure's performance; where 
there are two such entries in a cell, the first concerns its performance 
when applied on a residential access road, and the second when it is used 
on a local distributor road. Single entries always imply that there is no 
discernable difference in effect between the two uses. 

For the first six criteria, A-F, the evaluation of performance used a five
point scale, with the symbols ++, +, 0, -, --. The double-positive (++) 
implies a strongly beneficial effect, whilst the double-negative (--) 
implies the reverse. An entry of 0 indicates little or no apparent effect. 
In cases where the application of a counter-measure appeared to lead to both 
positive and negative effects with regard to a particular criterion the symbol 
+ is used. 

Criterion G, which relates to the expected reduction in accidents, uses a 
shorter range of value ratings. as it is clearly a fundamental requirement 
that any counter-measure included should be expected to enhance traffic 
safety. Although closer inspection showed that some accepted measures have 
had little real effect, only those that were thought likely to bring an in
crease in accidents were excluded from the evaluation. Thus there are the 
three value-ratings, ++, +, o. 

3.2 Criteria for the basic evaluation 

Seven criteria were used to represent different aspects of the practicability 
and cost-effectiveness of the counter-measures. 

A. Compatibility with other traffic and social objectives 

The assumed traffic and social objectives were defined at the outset. They 
were: 

(a) 

(b) 

for access roads - the broad social objectives are to create a street 
enVlronment where social and household activities are paramount, ease 
of movement for vehicles is ~condary and the only traffic functions of 
relevance are access to buildings and parking for those vehicles requir
ing such access. 

for local distributor roads - the traffic-distribution function is given 
a greater importance than the access function, but where the access 
requirement is significant ways have to be found to reduce conflicts 
between vehicles fulfilling different traffic functions, as well as those 
between pedestrians, vehicles and the environment. 

With these objectives assumed, 

(a) 

(b) 

for access roads counter-measures which reinforce the dominance of 
traffic and vehlcular movement (eg traffic signals) receive negative 
scores, whilst those that tend to enhance the ambience of the street 
as a place for people rather than traffic (eg road narrowing and speed 
control humps) earn positive scores. 

for local distributor roads the balance is weighted less toward people 
and their environment, but totally unrestricted traffic flow is still 
held to be less important than provision for pedestrian activity, 
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residents' amenity, parking and access for commercial vehicles and the 
loading and unloading of public service vehicles. 

B. Ease of implementation and maintenance 

This criterion is concerned with the physical problems of installing and 
operating the counter-measure. Some,eg road markings, present no design 
or implementation difficulties, and thus attract positive scores. Others 
involve the departments undertaking them in considerable effort and relatively 
difficult engineering problems, whilst people living in the area might be 
subject to a period of disruption, such as may occur where a subway is being 
constructed. 

Some more common factors that have to be taken into account are indicated in 
the columns of the matrix: 

(1) some form of authorization procedure is necessary before implementation 
can legally take p1ace,eg a Traffic Order must be required; 

(2) the counter-measure is not legally sanctioned for use on public roads 
in the United Kingdom; 

(3) the counter-measure is regulatory, infuat it has a statutory meaning, 
and penalties are prescribed for any failure by individuals to comply 
with it. This implies that some degree of enforcement will be required 
calling for additional effort by the enforcing agency. 

(4) to be effective the counter-measure has to be applied on an area-wide 
basis, rather than at a particular site. Thus "School Routes" would 
embrace the whole of a given school catchment area, rather than the 
use of a single length of road. 

D. Capital and maintenance costs 

Judgements as to what measures may be described as "low cost" should take into 
account the size of the area and the budget which may be available to im
prove it. For the purpose of this evaluation "high cost" has arbitrarily 
been assumed to apply to any measure costing more than £5000 (mid 1981 
prices). The value rating is, therefore, 

++ (very low cost) 
+ (low cost) 

up to say £500 
£500-£1000 

o (medium cost. 
- (medium cost, 

low end of range) £1000-£3000 
high end of 

range) £3000-£5000 
++ (high cost) more than, say £5000 

Some counter-measures, eg Pelican Crossing. can readily be defined in terms 
of a single installation to which a firm cost can be applied. OtiJers are 
less discrete entities; thus Speed Control humps are rarely installed 
singly, but comprise several Humps placed at intervals along a road. Most 
difficult of all to define are those measures, eg Pedestrian Guardrail, 
for which there ;s no standard unit of installation, but which can be used in 
a very wide range of quantities. 

The cost-ranges given in the matrix have assumed a typical installation, eg 
one Pelican Crossing, a set of eight Speed Control Humps, or an effective 

- 5-

use of Pedestrian Guardrail, with 20 m on each side of the road on the 
approach to a potential hazard. Counter-measures that can be applied effecti
vely to an area-wide scale eg a Safety Campaign, generally are shown as high 
cost. 

Maintenance costs are assumed to reflect capital costs except where evidence 
to the contrary is available. 

D. Effect on user behaviour and learning 

This criterion is concerned with the effectiveness of the counter-measure in 
performing the primary function implied by the strategy. Thus a speed-control 
device will attract positive marks inits effect on behaviour if experience 
shows that it controls (reduces) speed, zero if it is seen to have little or 
no effect, and negative if it appears to encourage drivers to go faster. 
The ~ indication is used where the effect is variable or contradictory, eg 
with some devices it has been found that vehicle speeds in the faster part of 
the range have decreased, whilst those int he slower part of the range have 
increased. 

The application of a particular counter-measure within an area is assumed 
to be (a) potentially widespread throughout the area, and (b) well within 
any budgetary constraint. Additionally, it is assumed to have been designed 
in a propel" manner (the "best design" assumption), with any supplementary 
work being carried out to a similar standard. One implication of this is 
that the effects experienced at single sites will be repeated where ever a 
device is used, ie there will be no loss of efficiency resulting from the 
over-exposure of road users to the device. It has also been generally 
assumed that the effects of a measure on local distributors and access 
roads will be similar, except for some of those ca1ssified under Segregation 
of Pedestrians and Vehicles, where the higher traffic flows on the local 
distributor routes may be expected to produce a significant difference in 
pedestrian behaviour. 

E. Secondary effects 

In most cases the application of a counter-measure will bring effects 
additional to those directly sought, often relating to other strategies. 
Under such circumstances the beneficial or detrimental effects may be expec
ted to result mainly from, respectively, a decrease or an increase in one or 
more of the following: traffic volumes, vehicle speeds, conflict between 
vehicles and pedestrians, and accessibility. Further detrimental effects 
include: 

(a) non-compliance with regulatory counter-measures, in places such 
as minor residential streets, where they are unlikely to be enforced, 
and 

(b) adverse effects on the residential environment,eg the possible 
visual intrusion of roadside warning posters. 

F. Level of support and political acceptance 

Entries in this column represent judgements of the extent to which each counter
measure would be supported by those likely to be concerned or affected by 
it, namely the public authorities, the affected population, conservationist 
lobbies, the emergency services, public transport operators and the police. 
Discounting the obvious tendency for any change always to be resented by a 
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few people, the general interpretation of the ratings used is as follows: 

++ unsolicited demand for installation of the counter-measure; 
+ acceptance when installation of the counter-measure is proposed; 
o the neutral position, ie tacit acceptance or no objection; 

rejection when installation of the counter-measure is proposed; 
strong and continued opposition even after installation; and 

~ a mixture of acceptance and rejection. 

G. Expected reduction in accidents 

As all listed counter-measures have valid claims to change accident patterns 
for the better, the meaning of the entries used is as follows: 

++ either statistically valid evidence of accident-reduction in practice 
exists, or the changes that the measure would bring are absolute (eg 
with pedestrianisation), so that opportunities for traffic conflicts 
are eliminated and accidents can no longer occur; 

+ there is little, or no statistical evidence regarding effects on accident 
patterns, but judgement suggests that ~ real potential for accident-saving 
exists; and 

o no evidence is available regarding effects on accident patterns, and 
littl~ other than neutral evidence exists regarding behavioural change. 
Judgement suggests that no worthwhile long-term benefits can be expected 
in the majority of situations. 

In only 9 of the 53 counter-measures listed was it possible to give a double 
positive rating. A wide variety of evidence had to be brought together 
in order to arrive at one of the other two decisions, the main external 
sources being: 

(a) 

(b) 

(c) 

recorded evidence concerning the use of the counter-measure in non
residential, or other parallel situations; 
evidence regarding improvements to road user behaviour where this was 
clearly related to accident occurrence; and 
the potential effectiveness of measures designed to deal particularly 
with known high-risk types of accident or casualty group (eg school 
children). 

To these had to be added the combined experience of all those who were involved 
in the study. 
The value ratings awarded relate only to accident decreases in the lengths of 
road or areas in which the counter-measures are expected to exercise a 
direct effect, and no account has been taken of any changes outside these. 
It was reasoned that any possibility of an increase in accidents resulting 
as a secondary effect could be discounted because of the good design assumption, 
as any such potential increase would have been predicted in advance, and 
measures taken to offset it. Indeed, the whole approach to the area-wide 
application of counter-measures stems from the philosophy of using an inter
acting assemblage that concentrates the residual potential conflict-situa-
tions at places where there are opportunities to use relatively cheap and well
tried engineering techniques to eradicate them. 

3.3 Evaluation procedure 

A lthough each counter-measure was eva 1 uated in accordance with the defi ned 
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criteri a, and in as consistent a manner as possible, the data available varied 
widely in nature and extent, so many of the decisions taken were qualitative 
rather than quantitative. The rest of the evaluation process was concerned 
with simplifying the large amount of information obtained, whilst limiting 
the effect of the qualitative decisions that had been taken. The end-point 
of this process was the reduction of the seven criteria assessment to two 
factors, namely "performance", which may be equated to an overall traffic 
engi neeri ng-socia l-economi c acceptabil ity, and "expected accident reducti on". 
The performance factor was obtained by operational evaluation, where the 
relative importances of the criteria A-F, and of the six strategies into 
which the counter-measures were classified, were examined by means of a weight
ing system. When this was set against the accident reduction factor it became 
possible to identify those measures that seemed to offer the best opportunity 
for application in the defined conditions. 

4. EVALUATING OVERALL EFFECTIVENESS 

4.1 The development of an evaluation index 

The starting point for the construction of the quantitative rating system 
for the data was the attachment of integer values to the five-point scale 
used in the Basic Evaluation Matrix. Separately, and in combination, weights 
could then be given to each of the various strategies, and to each criterion 
used. A simple computer program allowed the calculation of a total score
value for each counter-measure, for any given set of weights, separate totals 
being given for access roads and local distributor locations. 

There is, of course, no "correct" set of scores or weights, nO'" do any of the 
resulting total score-values have any absolute meaning in a cardinal sense. 
However, when these are ranked ordinally, it is possible to explore 
the relative importance of the different counter-measures in the light of any 
assumptions made concerning the strength of the criteria used to evaluate 
them, and of the strategies used to classify them. Furthermore, by varying all 
the numerical values involved, namely: 

(a) the integers attached to the scoring system; 
(b) the weightings given to the strategies; and 
(c) the weightings given to the criteria. 

it is possible to explore the robustness of the resulting ordinal rankings 
through a range of input values. Finally, in common with all such analyses 
of sensitivity, it enables the often complex effects of changes in policy to 
be followed through, since, for any alterations in this, an appropriate 
set of weightings can be applied and their effects revealed. 

Preliminary tests indicated that, whilst variations in the numerical values 
produced changes in the total score-values for any counter-measure, a signifi
cant number of them consistently gained relatively high or low scores. It 
was recognised that the consideration of small differences in totals would 
not be appropriate, because the judgements on which these were based were 
imprecise. To overcome this a coarser ranking system was developed, based 
on ranges of score-values defined by reference to two bench-marks. Again 
this was incorporated in the computer program. The resulting 'evaluation 
indices' are referred to as follows: 

et very good fl good y neutral 6 poor 
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At each use of the system, and in advance of the application of any form of 
weighting, the bench-marks used to define the evaluation indices were them
selves defined, by reference to the performance of two hypothetical counter
measures: 

- the first, regarded as neutral in its performance, had an assumed entry of 
"0" in each cell of the basic evaluation matrix. Performances better than 
this were regarded as "good"; those worse were regarded as "poor". The 
few counter-measures having overall neutral performances were placed in 
the "neutra 1 ''ca tegory. As the objecti ve was to gi ve scale to the good 
counter-measures, poor performance was not further subidivided. 

- the second, used to separate "very good" and "good" had an assumed score 
value of one-half of that of the highest-scoring counter-measure under the 
particular scoring system being used. 

4.2 Scoring system 

In the development of the scoring system used to give scale to the decision 
taken in the basic evaluation there were three problems to which attention 
had to be paid: 

(1 ) 

(2) 

(3) 

Should both positive and negative scores be used? There was a natural 
preference for this, as it reflected the double-sided scale used in the 
basic matrices. More important, however, the use of only positive 
scores could lead to anomalous results, as where counter-measures with 
negative entri es in some columns might receive high total score-values 
(rather than the intuitively correct lower scores) whenever the strategy 
within which they were classified was weighted. 
How should the '+' entry be dealt with? In view of the double-sided 
scoring system it was decided that the positive and negative effects 
could be regarded as cancelling each other out. Thus '+' was considered 
as being equivalent to '0'. -
Should the scale be one of equal, or unequal intervals? Recognising 
that the coarse nature of the five-point scale could not reflect small 
differences, and that different interpretations of the basic matrix 
were possible, this problem was resolved by examining the effects of 
using a range of scoring systems. In these the ratio of the interval 
between neutral (0) and a single. entry (+ or -) and between a single 
entry (+ or -) and the corresponding double entry (++ or --) ranged from 
3:1 to 1:3. The five systems were 

Scale mark (++) (+) (0) (-) (--) Ratio of intervals, 
(~) neutral-single and single 

-double entries 

Scoring systems 4 3 0 -3 -4 3: 1 
3 2 0 -2 -3 2: 1 
2 1 0 -1 -2 1 : 1 
3 1 0 -1 -3 1 :2 
4 1 0 -1 -4 1 :3 

For each scoring system the total score-value for each counter-measure was 
first calculated unweighted, ie assuming that each criterion and each strategy 
was equally important. Score values for the bench marks were then calculated 
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and the evaluation indices for the counter-measures were determined. Applica
tions to access roads and local distributor routes were considered separately. 

The results given in Table 8 show that in the majority of cases variations in 
the scoring system had little effect on the evaluation indices. This has 
been taken to imply a reasonable stability for the procedure used. More 
specific conclusions are: 

(a) the counter-measures evaluated are generally better suited to access 
roads (12 0 values) than to local distributor routes (27 0 values); 

(b) some counter-measures are equally applicable to access roads and local 
distributor routes; and 

(c) 'control of vehicle routes and volumes' and 'control of vehicle speeds' 
are strategies more suitable for use on access roads than local 
distributors whilst 'warning devices' involves a strategy giving similar 
results on both road types. 

4.3 Criteria weighting 

To investigate the sensitivity of the results to changes in the relative 
importance of the different evaluation criteria (defined in Section 3.2) each 
in turn was differentially weighted by factors of 2 and 3, all others remaining 
unweighted. This produced 12 different combinations of weight, to be compared 
with the basic ie unweighted, case for each road type and for each of the 
five scoring systems. Thus at this stage a total of 65 sets of evaluation 
indices were generated for both access roads and local distributor routes. 

The effect of weighting a particula; criterion, where a counter-measure has 
a positive entry, is to increase the total score value; where the entry is 
negative the total is decreased. In some cases there is a resulting change 
in the evaluation index, this change being more marked at the higher weight. 
Tables 9 and 10, show, for access roads and local distributor routes res
pectively, the ranges of evaluation indices produced by the five scoring 
systems and with different degrees of weighting. 

A detailed examindtion of the full results showed that criterion C - capital 
and maintenance costs - exercised the si.(ongest effect, by reducing the 
performance of several counter-measures entered as "high-cost" - in the 
basic matrix. In particular the following counter-measures, considered only 
to be capable of application on an area-wide basis, only showed a 0 evaluation 
index in some of the cases when this criterion was weighted. 

Advisory Route signing 
Cyc 1 e Routes 
Local Safety Campaign 

Area-wide Speed Limit 

4.4 Strategy weighting 

application on access roads and local 
distributor route~ 

application only on access roads 

The relative merits of the different strategies (defined in Section 2) were 
examined in a similar way to that used to test the sensitivity to criteria 
weighting, each strategy in turn being weighted by factors of 2 and 3 to 
give the same number of evaluation indices. The general effect of weighting 
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strategies is to increase positive, and to decrease negative total score
values, which produces a change in the evaluation index from B to a for any 
counter-measure where the value cl'osses the second bench-mark. Counter
measures with an index of a , y or 0 cannot show any change. 

The detailed results showed that the only strategy where counter-measures did 
not show variations in the evaluation indices was "Warning Devices"; for the 
other strategies, on access roads 11 counter-measures showed an improvement with 
a weighting of two, increasing to 17 when a weighting of three was introduced. 
The respective totals for local distributors were 11 and 12. 

4.5 Multiple weightings 

Although in the foregoing calculations weighting has been applied to a single 
criterion or strategy, in practice it is probable that any individual's subjec
tive judgement would have to be expressed as a mix of criteria and strategy 
weightings. Without attempting to define any "best" set of weightings, tests 
were made to explore the effects resulting from a variety of mixes, using an 
equal interval scale. Theweightings used were 

Test no. Criteria weighting Strategy weighting 
A B C D E F 

(a) 2 1 3 3 1 2 All equal to 1 
(b) 3 2 1 2 2 3 All equa 1 to 1 
(c) 1 1 2 2 1 1 'Route and Volume' and 

'Speed' . Others equa 1 to 
(d) 2 3 2 All equ a 1 to 1 
(c) 1 3 2 All eq ua 1 to 1 

A detailed comparison of the results from this test with those given in Tables 
9 and 10 showed that there was a close similarity. 

The results obtained here, taken together with those described previously, 
suggest that the scoring system is reasonably robust, and that it can be used 
to convert the assessments in the basic evaluation matrices into a means of 
comparing the relative performance of the counter-measures. The method adopted 
provides a framework into which alternative scoring systems and weightings for 
both strategies and criteria can be applied, so that any particular set of 
circumstances can be reflected. 

4.6 Overall performance rating 

Before these results can be set against the expected effectiveness in reducing 
traffic accidents it is desirable that they be drawn together into a single 
scale. This has been done in the overall performance rating, the four 
levels of whim express not just the relative performance rating per se, 
but also the extent to which to which the evaluation indices varrea-wTth 
separate or combined changes in the scoring systems, the criteria weightings 
and the strategy weightings. The four levels are 

Performance rating 

I (first rate) 

11 (second rate) 

I I I (th i rd ra te) 

IV (fourth rate) 
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Consistency 

stable 

variable 
stable 
variable 
variable 

stable 
variable 
variable 

variable 
stable 

Evaluation indices 

a 

B to a 
S 
y to " 
y to r' 

y 
o to a 
o to S 

o to y 
0 

A number of minor adjustments were made to the performance ratings of 
particular counter-measures, generally in cases where variations due to a 
single factor appeared to lead to an unreasonable representation of overall 
performance. 

5. RESULTS OF THE EVALUATION 

In the final stage of treprocess criterion G, the expected effectiveness 
in reducing accidents, was introduced into the assessment. In Tables 11 
and 12, for use on access roads and local distributor routes respectively, 
this criterion is related to the overall performance ratings. Counter
measures are listed in declining order of both characteristics, from the most 
desirable at the top left of each table to the least desirable at the bottom 
right. In Table 11 it can be seen that 23 of the 33 counter-measures consider
ed to be likely to achieve accident reductions when used on access roads 
also have a first or second rate performance rating. In Table 12 the 
situation is similar, except that those counter-measures considered likely 
to achieve accident reductions, but having third or fourth rate performances, 
are generally incompatible with the traffic function of local distributor 
routes. Thus, in general terms, there appears to be a strong relationship 
between a counter-measure's potential for accident-saving and its performance 
rating as established in this analysis. 

It may be concluded from this evaluation that, under current conditions of 
road user education and vehicle design, the most promising strategies 
for accident reduction away from town centres and main arterial routes are 
likely to lie in the area of conventional traffic management, ie the control 
of vehicle-routes and volumes on both access roads and local distributors. 
On access roads the control of vehicle speeds is clearly important; on 
the other hand no other obvious strategies apart from the segregation of 
pedestrians and vehicles, appear to ha~emerged for application on local 
distributor routes. 

In general the conclusions of this evaluation confirm the initial premise, 
that a combination of conventional low-cost traffic engineering techniques, 
applied on an area-wide basis, can offer improved road safety in residential 
areas. 
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NWI1I ru::iTIUCTION 

-{

PI:flIIlIlITI:Il'IVIt" 

~
Signs ~t\"\Il\'IORY ~O\nn:NT 

NO E~:'!{y 

Movement O~l:-I\'AY OPERATION 
control at [~rr:mA',\ THAl'FlC ISLAND 
junctions STAll DJ \'Elrn:l{ 

Islands - DL\m~\L 1il\1:R'!1:R 
, TI:JANClIl.\R III VElrmR 

C01>'TInL OF VEHICI.E SPEEDS 
Speed Limi ts - __ . 

[
AlU:,\-IVlIlE SI'EED LIMIT 

- l.(X:Al.lSl'Il SI'EElJ l.IMIT 
S'I \11' CONTROl. 

Control at Junctions GIVE "AY CO:.il1tOL 
ROU:o.:!l\IXlUl' CO:->TltOL 

[ 

IlOltl 2O:.iT,\1. CUItVAl'lJRE 
Horizontal Aligrurent Modification---- ROAD ,~'\~~tOWl~~ 

SIlAJU:ll ,hJl(h\U; 

Road Surface Modification HlJ~II;IJ: STRIPS -i
liA!( ~:\llhlN(~<; 

Jij)\Il\LE AW;A 

, J!C~:IJ; HAIlS 
51'1'1]) II~U'S 
SI'I'1:I) Co,'llltOL IttP.-1PS 

mDIFICATIO).l OF RQ.\J) USER BEHAVIOUR 
ROADS Inn POSTERS 
LOCAL SAFE1Y CAWAIGN 
HESIl1IXrIAL Aru:A I~ARNINC SlGl 
sa DOl. IUUll;!; 

RESTRICTIONS ON STATIONARY VEllICLES 
\~AITING lU~'iTIUCTl<»''S 
LOAllING lij;5TIUCnO~S 
CONTltOl.UiD I'AIU\lNG 

Stopping Restrictions ---------It ~W"l1\TOHY SCIIOOL lL'I'f'RANCI! ~WU<INGS 

SEGI1EG\TION 01' PEDESTRIANS A.'ID VEHICLES 

Restricting Traffic ~b"ement { P[JlESTRlANlSATlON 
PLAYSTI:I'ET 

• ZEIII~\ C!tOSS r Nl; 
I'E!.lC\'l CI(f)<;SlNG -i 
RXlTUlUL'eJ: OR SUlMAY 

Pedestri,m Crossing Fucilities r::IiESIRJ,\,,\ PI"\Sfi SIQW.S 
RI'!'UCE 

, IWE'I:1l \'W!ClJi CROSSING 
Restricting Pedestrian ~bvetnCnt -[ so ,XlI. CHOSSlNC PA11~L 

PEIlJ:STlUAN GU\IU)I~\ I L 

\\',\R;>lING DEVICES LOCAL FLOOIll.IH rI'! NG 
"mu ~l\Iu\l~GS 
SURFACE COLOllR a L\'lCE 
W!\lt'llNC S!(~,S 

Flashing Lights [l'i.'\SlIl,\C Llnn'S AT SCIIOOLS 
l'i.\;;IIING I.ltHrS AT Jlf:\CrrO).lS 



TABLE 2 BASIC EVALl!ATLON ~t\TRIlC : CO!Io,[!{OL OF Vl,fIICLF.-OOlJ1ES AND YOLlr-IES 
"',---- -- -- ------------, --p;:---, ---B--------T---- ---0-----1;--- --'---F----,--~---
~ C!{IIERIA ICompatibility Ease of ICaPital and Effect on users' Secondi.ry Level of Expected 

'--.... Iwith other I implE.'I1Icntat .on maintenance behaviour and effects support and reduction in 
~ IltrafflC social and main ten- cost learning political accidents 

_C~::~fi:ASl:' ~ objectives ance _____________ a~cePtance ________ _ 

MIV!SJRY RCUfE SIGNING (4) ++ + -- 0 0 ± 0 

CYCLE OOlfl'ES (4) ++ + -- + 0 + + 

ROAD CLOSIJRE (1) (3) ++ 
SI NeLF. LANI; CARlU AGf:l~AY + 
TRAFl'IC SIGNAL THH011LE (1) (3) -

ACCESS CWLY PROHlHITION (1) (3) ++ 
WI D1I1 RISIIUCTJON (1) (3) ++ 

PI«:'IIIBl1tD TIJR'l (I) (3) 
~lc\IIATORY elOVnU,NT (1) (3) 
~() fSll{Y (1) (3) 
01\7' I,AY OPERATION (1) (3) 

~O"\.'l TRAfFIC ISlAND (1) (3) 
%\H IJl\IRIl'H (1) (3) 
UIAW);'J. IJfVI.RTI-.R (l) (3) 
IHI,\.\CIlI.·\)( UIVl.RTr.R (1)(3) 

+ 
+ 
+ 
+ 

(--) 
( --) 
(--) 

(--) 
( --) 

(--) 
(--) 

(+) 
(--) 
(-- ) 
(-- ) 

+ 

o 

++ 
+ 

++ 
++ 
++ 
++ 

o 

o 

(--) 
o - (--) 

+ 
o 

++ 
++ 
++ 
+ 

o 

o 

++ 
+ 
+ 

+ 
++ 

+ 
+ 
++ 
++ 

++ 
++ 

++ 
++ 

± 
± 

± 
± 
± 
± 

(--) 
(--) 
( --) 

( -) 
(--) 

(--) 
(--) 

(-- ) 
(--) 
(--) 

++ 
± 
± 

+ 
++ 

+ 
+ 
+ 
+ 

± 
± 
± 
± 

( --) 
( --) 
(--) 

(--) 
( --) 

( --) 
( --) 

( +) 
(--) 
( --) 
(-- ) 

++ 
o 
+ 

+ 
o 

++ 
++ 
+ 
+ 

+ 
+ 
+ 
+ 

,I'Ul:;1' SG\ljFOR-~:;iTEHI-A --------+-------- ,------- --------- t-------,----- 3- POi-;'-r SCALE 

\ to F, - with valut:', ranging + Compatible + Ea,y + La.; Cost + Dcsir"h1e + Benericial 1+ Acceptable ++ Significant 
t'£"(,r:J :;trulgly positive (++) I 
:'kct-> thrrJugh neutral fo) to + Likely 

~rOf!gly_:~_;jt_iv~~--J_e_f __ t_c_,c __ t_S_l... __ I_OCO,"P:1tib~l_:_f~~'~~ __ ~~~~~_C::_t_ -_ th10e'i:~bIC ___ ~_~:~i~~::1_!-_u:~cep:~~~_~~~:likelY __ 

) - Entries in brackets contain the values for DIS1RIBlflUR Rl1\JlS "here these ,liff~r frolll ACCI;SS f{(lADS. 

I-I) - Som(' fonn of stCltutory proceoure is necess:,try for iIW;l1':mentation 
2) - :\ot sanet iOll"d for use in the UK at the present time 

(3) - A regulatory meaSure 
(-I) - Applicatioll a'-;lUlleo to he area-wide rather than site-,p~cific 

TAHLE 3 \'-/l.5\C E\ALlJATlO:-l ~wnux : m:;TPlll_ OF \1J1lCI.E-SPI:Er6 

Othen ... isc entries are 
corr.;on to both. 

'-~---;:~n~;~~ rDmpat~I~i1ity ~ase-~r--:~ajli~ai and~;f;(~~ (}~~S-c~~,T;:~!~d~'-:;-'-~:::l ~f---I EX~-'C-~-ed--
,j th other ill1plcnK'ntation .1Il1l i ntenancchellllvio<Jr and effects slIpport and ! reduction in 
traffic soc'ial and mainten- 'cost l"arning 1'01 itica:il ' accidents 

cou~n:W·n:ASUKES ~ lohjectives flflce . aleL'Ptance 
________________ . __ -___ ~~ ____________________ .__ __ ______ _____ __ L_____ _ ___ _ 
AHJ~AII'IDE SPl:E\l LIMn (1)(3)(4) ++ (±) + -- + ~ ++ (±) ++ 
J.(X:'\L.lSED SPl:ED LIM1T (Z) (3) ++ (+) ++ + ... - i... 0 

SIUP r:oNJ'ROL (1) (3) 

(;!YE WAY CONTROL (3) 

!<OIJ".Jll\BOlfl' CONI'OOL (3) 

- (--) + + + - (--) ± (--) 0 

(---) + + + - (--) ± (--) 

(±) 

o 

IIJR I ZO~rAL CURVAHIHE 

ROAD NARROII'ING 

SllARED SUKFACE 

PAR W\llKINGS (1) (3) 

Rtl·IBLE AREA 

rl.J:.!BLE STRlPS 

JIGGLE BARS 

SPEED Bll\U'S (2) 

SPEED CONfOOL HtNPS (1) 

5 POINT SC<\LE FOR CRITERIA 

++ 

+ 

++ 

+ 

+ 

+ 

± 

++ 

(+} 

(--) 

.( +) 

( --) 

(+) 

(++) 

(++) 

(--) 

(--) 

o 

+ 

o 

o 

+ 

o 

o (-) 

- (--) 

+ 

o 

++ 
+ 

+ 

± 

+ 

o 

++ 

++ 

± 

++ 

A to F, - with values ranging + Compatible + Easy + Low Cost + Desirable 
from strongly positive (++) 
effects through neutral (0) to 
strongly negative (--) effects - Incompatible - Difficult - High Cost - Undesirable 

± 

± 

± 

± 

± 

± 

± 

( --) 

(-) 

( --) 

+ 

± 

+ 

(--) 

(-) 

(--) 

(+) 

(--) 

( --) 

+ 

+ 

+ 

o 

o (+) 

+ 
++ 

++ 

o 
++ 

. I . 3 POINT SCALE 
+ Beneficial' + Acceptable 1++ Significant 

. I + Likely 
- DetTlmentall ~ Unacceptable

l 
0 th1likely 

( ) - Entries 1n brackets contain the values for DISTRlBlJ1'OR ROADS "here these differ from ACCF.SS ROADS. Ot.herwise cntTles are 
conmon to hoth. 

(1) - Some form of statutory procC'<illre is necf.'ssary for i.r.l;11 ementation 
(2) - Not sanctjoned for use in the UJ\ at the present time 
(3) - A regulatory measure 
(4) - Application ass1l!1led to be area-h'ide rather than site specific 
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TABLE 4 BASIC EVALUATI<l-l ~\\TRIX mDlFICATI<l-l OF RG\D-USER BEHAVlOOR 

~. 
A 

B ,I~ c 
11 t I Level ~f 

G 
Compatibili ty F~se of Capital and Effect on users' Secondary Expected 

, ; R-IEASURF..5 

lSIDE POSTERS" 

DeAL ~ FElY CAl-lPA I GN • 

RES 
S 

IDENTJ AL AREA II'M'lING 
I GN (2) (4) 

'OWL KltnES s (4) 

with other 
traffic social 
objectives 

+ 

(4) ++ 

++ (--) 

0 (H) 

implementation ,maintenance behaviour and effects 
and mainten- cost learning 
ance 

-------- -- -<--

++ ++ + -
+ -- + 0 

H -- 0 -
+ 0 + CH) 0 

--------------~ --_.- ,-- ,-------!------
5 
A 
f 
e 
s 

POINT SCALE RlR CRITERIA 
to F, - "ith values ranging 

rom strongly pos; tive (++) 
ffects through neutral (0) to 
trongly negative (--) effects 

------~.--~ -_._--._---

+ Canpatible + Easy + Low Cost + Desirable + Beneficial 

- Incompatible - Difficult - High Co!t - Undesirable - Detrimental 

----'---------'- ----
( ) Entries in brackets contain the values for D1STRIBtnDR ROADS "here these differ from ACCESS KlADS. 

(1) - Some fonn of statutory procedllre is necessary for im;O]611cntation 
(2) - I\ot sanctioned for use in the lJ]( at the present time 
(3) - A legulatory measure 
(4) - Appl ication assLUned to be area-wide rather than site specific 
(*) - These arc usually considered to be short term ,oeasures 

support and reduction in 
political accidents 
acceptance 

+ + 

++ + 

++ ~ 

++ + 

3 POINI' SCALE 
+ Acceptable + Significant 

- Unacceptab le + Likely 

o Unlikely 
-- ----

Otherwise entries are 
common to both. 

TABLE g BASIC l:;VALUATlON MATRIX RESTRH7fIONS ON STATlOXARY VF1HCLES 

~TERlA 
C(JJNrE""n~ASURES ~ 

WAITING RESTRlCTlONS (1) (3) 

LOADING RESTRICTIONS (1) (3) 

CONTROLLED PARKING (1)(3)(4) 

~~'I.\'DA TORY SOlOOL HARKINGS 
(1) (3) 

5 POlhol' SCALE RlR CRlTERlA 
A to F, - with values ranging 
from strongly positive (++) 
effects through neutral (0) to 
strongly negative (--) effects 

A B CID I 
Compatibil ity Ease of Capi tal and Effect on users', 
with other implCircntation maintenance behaviour and 
traffic social and maintcn- cost learning 
objectives ance 

o 

(+) 

(±) 

( +) 

+ Compatible 

- Incompatible 

++ 

++ 

o 

++ 

+ Easy 

- Difficult 

++ + 

++ o 

+ 

++ o 

+ Low Cost + Desirable 

- High Cost - Undesirable 

E 
Secondary 
effects 

± 

± 

o 

+ Beneficial 

- Detrimental 

F 
Level of 
support and 
political 
acceptance 

± 

++ 

(+) 

H 

I fxpcC~ed 
I reduction in 
j accidents 

+ 

o 

+ 

o 

3 POINT SCALE 
++ Significant 

+ Likely 

- Unlil<.ely 

+ Acceptable 1i 

- Unacceptabl 

--______ . __________________ ~ __________ ~L_ __________ ~ __________ ~I ____________ ~. _____________ L_ __________ -L ___________ _ 

( ) - Entries in brackets contain the values for DlSTRIBlTlUR ROADS ">here these differ from Aa:ESS KlADS. Otherwise entries are 
common to both. 

(1) - Some form of statutory procedure is necessary for inr>lementation 
(2) - Not sanctioned for use in the UK at the present time 
(3) - A regulatory measure 
(4) - Application assumed to be area-wide rather than site specific 
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TABLE 6 BASIC EVALUATION W\TRIX SEGREC,ATlON Or PEDESTRIANS AND VEHICLES 
~"----------------~I~--A'----'---~Bn---'---~Cr--r----rD'---'I--~E~-----'---r----~-'u~---

~
RITERlA Conpatibility Ease of Capital and Effect on users', Secondary Level of Expected 

with other implementatior maintenance behaviour and effects support and reduction n 
traffic socia and mainten- cost learning pali tical acciden' 
objectives anca acceptance 

COUNTE R>1EASURES 

PEDESTRIANISATION (1) (3) 

PLAYSTREET (1) (3) 

FOOTBRIOG"E/SUBWAY 

ZEBrA CROSSING (1) (3) 

PELlCA.N CroSSI~G Cl) (3) 

PEDESTRIAN-PHASE SIGNALS (1) 

REFUGE 
R,\NPED VEHICLE CROSSING 

samt. CROSSING PATroL 

PEIJISTIUAN GUARDRAIL 

(3) 

H 

++ 

± 

+ 

++ 

++ 

± 

(--) 

(--) 

(+) 

(H) 

(+) 

C+) 

(++) 

(--) 

++ 

+ 

+ 

o 

+ 

+ 

+ 

+ 

++ 

o 

o 

o 

o 

o 

++ 

± 

o (+) 

o 

o 

+ 

++ 

+ 

(+ ) 

( +) 

( +) 

U) 

± (--) 

- (--) 

-- ( .. ) 

± 

± ( --) 

+ 

± 

+ 

++ 

+ 

± 

+ 

+ 

++ 

+ 

( --) 

( --) 

C±) 

(++) 

( +) 

(--) 

++ 

+ 

o 

o 
o 

o 

o 
+ 

+ 

o 

(+) 

(++ J 
(+ ) 

(+) 

(+) 

(0) 

(+) 

---- ---- .---------.------ ---------l--------I-------------+-------1-------+-------
5 POINT SCAL~, H)H CI{J'!l:IUA 
A to F, - with value-; ranging 
flom ;itfongly pu-;itivc (+t) 
l'fkcts through nellt ra Itn) to 
itru"gly negutivc (---) effects 

+ Comp" t ib le + F.asy 

- Inconq"'tiblc - Difficult 

+ Low Cost + Des i rable 
3 PO [NT SCALE 

+ Bene ficial + Acceptable ++ Significant 

- High Costl-Undesirable - Detrimental -Unacceptabl1 + Likely 
I - lJnl ikel y 

________________ --l ____ -'--_______ -'--____ -'-____ --L ______ _ 

( ) - Entries in brackets cont:lin the values for DISTRIBUTOR ROADS where these differ from ACCESS ROADS. Othen<ise entries are 
cOlluron to both, 

(I) - SOllle form of statutory procedure is necessary, for inr>lementation 
(2) - Not sa"ctionc,l for use in the UK at the present time 
0) - A regulatory measure 
(4) - "pp\ ication aS~lJm'''\ to he area-wiJc rather than site specific 

LOCAL l'l.OODI. HHflNG ± + 0 

roAD H-\HKINGS (3) + (H) ++ ++ 

SURFACE COLOUR QlJ\NGE + - --
\V\RNING SIGNS ,- (H) ++ ++ 

HASHING LlQ1TS AT SCIKXlLS ++ ++ ++ 

FLASHING L1C1ffS AT .nJNCTIONS - (+) 0 0 

(2) 

5 POINT SCALE FOR CRITERIA 
A to F. - "i th va lues ranging + Compatible + Easy + Low Cost 
from strongly positive (++) 
effects through neutral (0) to 
strongly negative (--) ef fucts - Incompatible - Difficult - High Cost 

0 - ± 0 ( +) 

++ 0 ++ + 

a e - 0 

++ 0 + + 

+ 0 ++ 0 

+ - (--) - (±) 0 (+) 

+ Desirable r;)JNT SCALE 
+ Beneficial + Acceptable ++ Significant 

+ Likely 
- Undesirable - Detrimental - Unacceptable 

I I -Unl ikely 

( ) - Entries in brackets contain the values for DlSTRIBlJIDR RO\DS where these differ from ACCESS ROADS. Otherwise entries are 
comnon to both. 

(1) - Some fonn of statutory r>rocedure is necessary. for implementation 
(2) - Not sanctioned for use in the Uk at the present time 
(3) - A regulatory measure 
(4) - Application assumed to be area-wid~ rather than site specific 
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TABLE 8 EVALUATION INDICES UNDER SCORING SYSTEMS 1 TO 5 
aUTERIA A'ID STRATEGIES lP.\WEIGITED 

STRATEGY 1 COUNTER-MEASURE 'ACCESS ROADS LOCAL DISTRIBlITORS 

CONTROL 
.OF 

VEHICLE
ROUTES 

A'ID 
VOLll'P.S 

CONTROL 
OF 

VEHICLE
SPEE:lS 

ADVISORY ROUTE SIGNING 
CYCLE ROUTE 
ROA:J CLOSURE 
SI~GLE J..A.\'E CARRIAGEWAY 
TRAFFIC SIG.'W. THROTTLE 
,\CCESS O1,LY PROHlBITlO~ 
IvlD'l1! RESTRICTIO~, 
PRCl'IBITED mm, 

I ~\;DATORY MOVE-lE";T 
~O E\TRY 

, O~'E-hAY OPERATION 
I MEDIA\; TRAI'l'IC ISLAND 
I STA!\ DIVIRTER 
I DIAw~\L DIVERTER 

TRIA'\G'JL.\R DlVERTER 

a 
y 
6 
a 
a 
a 
a 
a 
a 

I s 
'variable 
i B 
fvariable 
, 

AREAWT DE SPEED Ll~!IT 'variable 8 
LOCALISED SPEED Ll~IIT " 
STOP CO~m)L 
GI\'E \lAY CO:iTROL 
~fI\BOUr CO~'TROL 
HORIZO~TAL CU!lVATURE 
ROAD X-\R'<OI>I ~G 
Sll"RED SURFACE 
IlAR ~WlKJ~GS 
RL.'\u\LE !"lE!\ 
Rll'!IlLE STRIPS 
JIGGLE BARS 

Cl 

6 
a 
6 
8 
6 

to S 

to S 

to a 

SPEED f!L~U)S 

SPEED CO:-'THOL HLNPS 
y 

variable 8 to a 

~ODIFICATI(l>J1 ROADSIDE POSTERS 
OF I LOCAL SAFE1i' C,\.\IPAIGN 

ROAD-USER RESIDE~'TlAL ATU:,\ ll'AR'IING SIGN 
BEHAVIOUR SCIKXlL ROUTES 

RESTRICTION I'/AITING RESTRI er IONS 

I , a 
S 
B 

i variable a 

ON LOADI~G HESTRICTIIY.'IS I Y 
STATIONARY CO~1'ROLLED PAll.1GNG . 6 
VElECLES ~l"-\1.lATORY SCIKXlL E~'TRA.'1CE MARKINGS; a 

toa 

a 
Cl 

Y 
6 

,variable S 
: 6 
1 6 
I 5 
I 

i variable a 

6 
6 
S 
6 
6 
6 

variable 8 
6 
a 
a 
6 
6 

a 

a 

a 
a 
6 
Cl 

PEDESTRIA'I I SA Tl ON -I 
"PLAYSTREET a 6 

SE"REGATION RJOTBRIDGE AND SUBI'/AY 6 5 

PEDE~RIANS ZEllHA CROSSING B variable B 
PELIG\.'1 CROSSING <I B 

VEHI~ PEDESTRIA'J PI\>\.SE SIQ'IALS 6 variable <I 
REFUGE 8 variable s 
RA~1PEU VEIIICLE CROSSING variable 8 to Cl <I 
SCliooL CROSSI~G PATHOL a " 
I'EDESTRIA'i GUARDRAIL 

---I 
LOCAL FLooDLl QITI~G . 
ROAD ~L\RKI~GS 

y 

a 
6 

Cl 

WARNING 
DEVICES 

SURFACE COLOUR OlANGE 
Mll"iI~G SIGNS a a 

a ,a 

to a 

to 6 

to a 

to a 

to B 
to" 

Fl.ASIII~'G LIQfrS AT SCIDOLS 
FLASllr~G LlQffS AT JUNcrIONS 5 variable 6 to a 

KEY Cl very good a good y neutral 6 poor 

STRATEGY 

OO:-'TROL 
OF 

VEHICLE
ROUTES 

A\'D 
VOLlJMES 

CONTROL 
OF 

VEHICLE
SPEEDS 

21 

TABLE 9 EVALUATION INDICES RJR ACCESS ROADS WITH 
EADI CRITERION II'HGITED IN TURN 

r---~ 

COli'ITER-/>EASURE 

ADv1S0RY ROUTE SIOONG S :f 6 to B '1 6 to Cl 

CYCLE ROUTE B i' 11 to " 6 to a 
RQAD CLOSURE " ': Cl a 
S I~GLE LA.\'E CARRIAG:::WAY . Y 1'1 6 to S 6 to a 
TRAFFIC SIGNAL THR01TLE I 6 6 6 
ACCESS ONLY PROHIBITION a 11'1 a 6 to " 
Imm1 RESllUCTION a I a a 
PROflIBITED TURN Cl I a " 

'I MA'1l1\1DRY ~I::lVE'!ENT Cl h a a 
1\0 E~'TRY a 'I a a 
O:-.Jl;-\(AY OPERATION Cl I a a 
~rr:DIA'l TRAFFIC ISlA'ID e 11 6 a to Cl 
STAR nI VE1\11:R to 6 6 to a <I to a 
DrAGO,"\L DlVERTER 8 6 a to Cl 

TRIANGUl.\R DlVERTER to 8!i 6 to 6 6 to " 

Al'<Fj\\l'! DE SPEEll LIMIT 6 to a 
LOC\LISED SPEED LI~(IT B to a 
STOP CO:o.'TROL y to B 6 to a 
GIVE I~AY COI\'TROL y to a <I to B 
RO~'DAOOUT l'Q1\'TROL a" 
HOR! ZONTAL CURVATURE 6 to y 6 to a 
RO . .\D ~,\RROWI~G a 6 to' Cl 

SI L\RED SURFACE 6 to 6 6 to B 
BAR ~~\RK!NGS y to B 11 to 8 
HLI~mLE AREA 6 to B 6 to jl 

RU~U!U' STRIPS B 6 to a 
JIGGl.E MRS 6 to 6 tua 

Hll'U'S 6 to 6 to 6 
CO\TROL I ILNPS to a to " 

a a to a 
to a 6 to a 

~ODIFICATION ROADSIllE POSTERS I a 
OF LOCAL SAFE1i' C,'I.'IPA!GN : 8 

ROAD-USER RESIDE!'ITIAL AREA WAR,\ING SIGN I e 
BEHWIOUR SO 100L ROUTES I B to a 

I 

to CL 

to " 
6 to a 
6 to a 

RESTRICTION WAITING HESTRIcrIONS toa to " 
ON LOADI~G RESTRICTIONS Y to a to 6 

STATIONARY CO~'THOLLED PARKI~G 6 
VEHICLES ~~\''lDATORY SDIJOL E\'TRA.'lCE MARKINGS a a I a 

SEGREGATION 
OF 

PEDESTRIANS 
A\'D 

VEHICLES 

WAR'IING 
DEVICES 

PEDESTRIA.'HSATION 6 to a <I to a 
PLAYSTHEET " B to " S to a 
FOOTBRlDG::: AND SUB1I'A Y 6 <I <I 
ZEBHA CROSSING a B <I to a 
PLLlG\." CROSSING <I 6 <I to y 

PEllESTRIA." PHASE SIGNALS <I <I <I 
REFUGE B a to a B to Cl 

IV\\IPED VEil! CLE CROSSING to Cl S to " B to a 
SCllooL CROSSING PAmOL Cl a a 
PElJESTHli\.'\ GlJARDRUL y to " 

LOCAL FLCODLlGlrrING to 8 to B 
"llAD ~L\RKI~GS a (l 

SL~(rACE COLOUR CHA'la; 6 6 
lVAR'lING SIG:l:S "" 
HA91I~G LlGlO'S AT SCHOOLS " a 

FLASllI~G <I to y 

KEY a very good B good y neutral <I poor 
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TABLE 10 EVALUi\TION INDICES IUR LOCAL DISTRIBlITORS 
mm EAQI CRITERION WEHHTED I!'I TIlR'l 

STRATEGY 

CXll'l!'OOL 
OF 

VEHICLE
ROUTES 

A\'O 
IDLLMES 

CDl'ITRDL 
OF 

VEHICLE
SPEEDS 

COON'IER-IoEASURE 

ADVISORY ROOfE SIGNING 
CYCLE ROOm 
roAD CLOSURE 
SINGLE LM'E CARRIAGEWAY 
TRAFFIC SIGNAL mROTTLE 
ACCESS ONLY PROHIBITION 
WIIl1H RESTRIcTION 
PROHIBITED 11lRN 
MI\.."IDATORY MJVE\1ENT 
!'IO E.lfI'RY 
QI'IE-WAY OPERATION 
MEDIAN TRAFFI C ISL4.ND 
STAR IJIVElm,R 
DIAGONAL DIVERTER 
TRIA'IGULAR DIVERTER 

AREANI DE SPEED LI~!IT 
LOCALISED SPEED LIMIT 
STOP CU'lTROL 
GIVE I~j\y CONTROL 
ROlJl'\lY\IlOL'T CO'ITROL 
IIORIZO:-'TAL CURVATIlRE 
IUW NARROll'I!'IG 
SllAllED SURfACE 
BAR MARKI~GS 
fllJ!\fiILE AllEA 
RlNBLE STIUPS 
JIGGLE BARS 
SPEED 11U>.U'S 
SPEED CO:-'TROL HlMPS 

I-ODIFICATIONI ROAllSIDE PasTERS 
OF I LOCAL SAr-ETY CA\PAIGN 

ROAD-USER RESIllEl'-'TlAl. :\.'<£,\ \\'.,\R'IING SIGN 
BEHA\10UR ,se 100L ROUfES 

I 'I CRI11,RIA II'EIQ ITING 
INane ,:""2:1 in tum' 3:1 iiltUnl-

a toa toa 
B to a to a 
<I to 

to 8 to 
to 

a a a 
CL CL a 
Y 'I' <I to a cS to B 
<I ~, <I to a <I to B 

a to CL 11 a to CL a to CL 

<I Ii <I <I 
<I <I <I to Y 
<I <I cS 

<I to B <I 
CL S 

<I 
<I 

B a 
<I <I 
<I 11 
<I cS 

to B 
to a 
to y 
to Y 

a to CL B to CL 

o <I to a 
B B to a 
B <I to a 
<I <I 
<I 6 

Q 

Cl 

a 
B 

" 6 
11 Cl 
:' 

to a 
to (l 

to B 

6 to B 
B to a 
5 to B 
<I to e 
6 to a 

<I 
B to (l 

<I to a 
6 te Cl 

6 to a 
<I 
.5 to S 

a 

to a 
to Q 

to 

RESTIUCTICl>lSI NAI'l'l'lG m,STRICTIO!'lS (l 

ON U1\1l1NG IU:STRICTIONS 
CL 

B to a 
<I to 8 

a 
y to a 
6 to B 
Cl 

STATIONARY I CO;.."rHOLl.El1 PARKlr\G 
vEHICLES ~t\N[WIDRY SClooL E'ITAA.'lCE MARKINGS a CL 

I 
PEDESTRIANISATION 
PLWSTW'ET 

SEGREGATION RJO'mRIDGE A'ID SUB\\AY 
OF I ZEllM CllOSSDIG 

PEDESTRIA."IS PELICA'l CROSSING 
A'ID I PEDESTRIN, Pli-\sE SIGNALS 

VEHICLES IlEFVQ, 

I M.~n'ED VEHICLE CROSSING 

WAR 'lING 
DEVICES 

I 
SCIIOOL CHOSSI!'IG PATROL 
PEDEST!UA'I Gl1\RDRAIL 

LOCAL FLCODLI QITING 
ROAD ~"'RKI!'IGS 
SURFACE COLOUR OiANGE 
\l'AR'lING SIGNS 
FLASIIING LIQITS AT SQlOOLS 

______ -''--'FL.:::,,\SWNG LIQITS AT J1J:-.'CTIONS 

KEY a very good B good y neutral 

,8 toa 

<5 

<I to Y 
5 
8 to a 

: a 6 to a 
,y to B y to 
I a to Cl li a to Cl 

6 11 6 

1 
j it 
1 y ! 

L 

<I to 8 
a 
<I I 

a ' 

" i Cl :\ Cl 

l Cl 1; Cl 

~': Sto 
o poor 

I 

5 
5 to 8 
6 to a 
s to a 
;l to a 
y to a 
8 to a 
6 to y 
a 
y to a 

to 8 
CL 

6 
a 
CL 

6 to a 

Expecte:i 
Reduction 

in 
~.:c:id£nts 

1 

SignificanJ 
1 

Likely 

_.' 

TABLE 11 OVER:..:!,;' EFFECTI\'El'.'ESS : ACCESS ROADS 

I (First Rate) !I (Second Rate) III (Third Rate) , IV (Fourth Rate) 

Road Closure 
Prohibited Turn 
Mandatory 

Movement 

i 

Speed ~"\ntrol 
lIumps 

Arco-\\ide S"eed 
Lieut 

Rumble Strips 

lio Entry i 
Jne Way Operation i 
Roundabout Contro~ 
Road Markings 
Warning Signs 
WidtJl Restriction: CYcle Routes 
School Entrance Access Only 

Marks Prohi~"\i tion 
School Crossing Di a ,:0110 ; [1l\'crter 

Patrol RO,losidc Posters 
Flashing Lights School ;,outes 

at Schools Local Safety 
Cam;lai 91 

Playstrect 
R..'1ntPcd Vehicle 

Crossing 

Jiggle Bars 
Pedestrian

isation 

Star Diverter 
Triangular 

Diverte-r 
Horizontal 

Curva~ure 
Road :-<a rrowing 
Runhle Area 
Waiting 

Restrictions 

Traffic Signal 
7.'1rottle 

Controlled ______ +-________________ +-______ , ________ +-__________________ ~parkin:~g ______ _ 

Unlikely 

1 Advisory Route 
Signing 

Local Part-Time 
SpceJ !...imit 

Residential Area, 
','amin; Sign i 

:cbra Crossing 
P.efuge 
P['\.lc5trian 

Guardrail 

Single Lane 
Carriage"'aY 

Stop Control 
Give Way Control 
Shared Surface 
Rar ~klrKings 
Speed Bumps 
Loading 

Restrictions 

Footbridge/Subway 
Pclic~~ Crossing 

, Pedestrian Phase 
Signals 

Local Flood
lighting 

Surface Colour 
Change 

Flashing Lights 
at Junctions 
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TABLE 12 OVERALL EFFECTIVENESS : LOCAL DISTRIBUTORS 

__ pect'.ld PERFORWlNCE RATING 
Re<l1;1ction I I (FiTst Rate) 

in I 
II (Second Rate) i III (Third Rate) i IV (Fourth Rate) 

e.ccide!lts I 
I 

Prohibi ted Turn 

I Mandatory 
MovelOOnt 

Significant Zebra Crossing I 
Area-Wide Speed 

Limit 
bble Strips Jiggle Bars Road Closure 

PedestTianisation 

':;cr:ool !'!:lutes 
Waiting 

Restrictions 
Road Markings Median Traffic 
Warning Signs Island 
School Crossing Roadside -Posters 

Patrol Pelican Crossing 

~ 

Refuge Access Only Pedestrian 
Likely Guardrail Prohibition 

No Entry I Cycle Routes 
On&:ay t - Speed Control Humps Roundabout Control 

Local Safety ra ion _ bble Area 
Campaign Contro~led Parking Playstreet 

Footbrl~ge/Subway Traffic Signal 
Ped7stnan Phase Throttle 

Signals Star Di vcrter 
Loc?l ~ood- Diagonal Diverter 

l1ghting Triangular Di verter 
llorizont:al Curvature 
Road Narrowing , 

School Entrance Advisory Route 
Markings Signing 

Local Part-Time 
Speed Limit 

Bar Markings Stop Control 
Unlikely Loading Give Way Control Residential Area Res trictions Flashing Lights Warning Sign at Junctions Width Restriction 

Single Lane 
Carriageway 

Shared Surface 
Speed Bumps 

I Ramped Vehicle 
Crossing 

I I Surface Colour 

i I 
I Change 
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THE "REGRESSION-TO-i.:EAN" EFFECT 

Some empirical examples concerning accidents at road junctions 

by Ulf BrUde and Jorgen Larsson 

ABSTRACT 

A randomly large number of accidents during a "before-period" is normal

ly followed by a reduced number of accidents during a corresponding 

"after-period" even if no countermeasures have been implemented. This 

statistical phenomenon is termed the "regression-to-mean" effect (or 

shorter the regression effect). 

Road jum;:tions constitute points in the road network with particularly 

high accident rates although the average number of accidents per junction 

is low. The latter means that the regression effect can be expected to 

appear even in very modest accident numbers. 

The examples described in this report are based on accidents at unaltered 

rural junctions in the national major road network. The years 1972-1975 

have been regarded as the before-period and 1976-1978 as the after

period. 

The examples show that the regression effect (accident reduction) in 

accidents reported to the police often can be about 30-40 96. For 

accidents involving personal-injury the regression effect is often about 

50-60 96. In the case of junctions with a significantly large number of 

accidents (in relation to the amount of traffic) during the before-period 

the regression effect is usually even greater. 

I. INTRO[)UCTION 

A randomly large number of accidents during a before-period is normally 

followed by a reduced number of accidents during a corresponding after

period even if no countermeasures have been implemented (and a 

randomly small number of accidents is normally followed by an increased 

number of accidentst This statistical phenomenon is termed the "regres

sion-to-mean effect* (or shorter the regression effect). 

An earlier article (1) describes examples which show that: 

• the regression effect can be very large 

• the regression effect can have an entirely decisive influence on the 

results of before-and-after studies. 

The objective of this report is to describe snme examples of the 

regression effect in more detail. 

The project was financed by the National Road Administration. 

* The phenomenon is also called "bias-by-selection". 
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SOME EXAMPLES OF "REGRCSSION-TO-ivIEAN" EFFECT OF 

ACCIDENTS AT UNALTERED ROAD JUNCTIONS 

Comments relating to Tables 1-5: 

• The tables are based on 2637 rural road junctions* in the national 

major road network which were unaltered from 1972 to 1978 * *. 

• The 4-year period 1972-1975 has been regarded as the before-period 

and the 3-year period 1976-1978 as the after-period. 

• Tables I, 2 and 5 relate to police-reported accidents including both 

personal-injury and property-damage accidents. 

• Tables 3 and 4 relate only to personal-injury accidents. 

• The annual amount of traffic was on average 13.6 % greater during 

1976-1978 than during 1972-1975. However, the annual number of 

police-reported accidents was on average about 15.596 greater during 

1976-1978 than during 1972-1975 (Table I ***). The annual number of 

personal-injury accidents was on average about 1696 greater during 

1976-1978 than during 1972-1975 (Table 3'***). 

In these calculations the number of accidents for 1972-1975 has been 

multiplied by ~ • 1.136 in order to obtain a comparison between the 

number of accidents for 1972-1975 and 1976-1978. 

* A speed limit of ~ 70 km/h in force on every national connecting 
road. Straight primary road, stop sign. No pedestrian or cycle path 
and no traffic signals. 

* * According to information from the 1977-1978 inventory of junc
tions, updated to 31 st of December 1978. 

*** 1896/ 2189·3 = 1.155 
4 

****704/ 809
4
' 3 = 1.160 

• 

• 

• 

• 

• 

.. 

** 

3 

The average number of police-reported accidents per junction and 

year for 1972-1975 was 0.21 {Table I *). This means that junctions 

with I police-reported accident during this 4-year period had a 

greater accident number than average. 

The average number of personal-injury accidents per junction and 

year during 1972-1975 was O.OS (Table 3**). This means that 

junctions with I personal-injury accident during this 4-year period 

had an accident number about 3 times greater than average. 

According to Table I there were, for example, 4 police-reported 

accidents per junction at 53 junctions (a total of 212 accidents) 

during 1972-1975. 1\ total of 103 police-reported accidents occured 

at the same junctions during 1976-1978. The accident reduction 

between the before-period and after-period (the estimated regres

sion effect) was therefore 

(J - 103/212 ' 3' 1.136).10096 = 4396 
4 

For police-reported accidents {Table J) the estimated regression 

effect is on average just over 35 % provided that at least 2 

accidents occurred during the before-period. Where there occurred 

1 police-reported accident during 1972-1975 the estimated regres

sion effect is on average about 10 % (Table I). 

For personal-injury accidents (Table 3) the estimated regression 

effect is on average just over 55 % provided that there occurred at 

least 2 personal-injury accidents during the before-period. It is 

notable that the estimated regression effect is on average about 

50 % even in the case where there occurred only 1 personal-injury 

accident during 1972-1975 (Table 3). 

2189 
2637·4 

809 
2637·4 

= 0.21 

= 0.08 
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The fact that the regression effect becomes greater for personal

injury accidents than for all police-reported accidents is theoreti

cally to be expected, since the personal-injury accidents are on a 

lower numeric level and thus have a relatively greater standard 

deviation in relation to the mean (assuming that the accidents 

follow the Poisson distribution). 

• In Tables I and 3 it should also be noted that the junctions with 0 

accidents during the before-period account for a very large propor

tion (about one third and one half respectively) of the total number 

of accidents during the after-period. In this case there is a 

regression effect from the opposite direction, i.e. an accident 

increase. 

• If a study is made of only those junctions which, according to the 

Institute'S models*"(2), had a significantly higher number of police

reported accidents than expected (level of significance 2.5 %) during 

the before-period the estimated regression effect increases to an 

average of about 65 % (Table 5). For personal-injury accidents the 

estimated regression effect in corresponding cases can be seen to 

increase to an average of about 75 %. 

• It must be remembered that the examples mentioned here apply to 

the case where the before-period covers 4 years. If a shorter 

before-period had been chosen, the estimated regression effects 

would have been even greater. 

• For junctions with Significantly more police-reported accidents than 

expected during 1972-1975 Table 5 allows a comparison to be made 

between the number of accidents actually reported to the police for 

1972-1975 and for 1976-1978 respectively, with the predicted (ex

pected) number of accidents according to the Institute's models. 

*" 

It can be seen that even during the after-period (i.e. after the 

number of accidents has regressed towards its true means) the 

The models relate to type (3- or 4-way junction),number of entering 
vehicles (pair of axles) from primary and secondary roads and 
proportion of secondary road traffic. 

• 

5 

recorded number of accidents is on average considerably larger than 

predicted. It would therefore not have been an incorrect decision, 

seen as an average, to attempt to modify these junctions on the 

basis of the significantly high accident numbers recorded during 

1972-1975. In this case, however, it would have been impossible to 

estimate correctly the possible accident reduction effects of 

indiviC:ual countermeasures. 

If those junctions in a specific road network having ;... k accidents 

during a before-period are selected, it may be expected, assuming 

that no countermeasures are taken, that during a corresponding 

after-period the number of accidents at these junctions will equal 

the total number of accidents at those junctions which had;... (k+l) 

accidents during the before-period. This ingenious yet simple 

method has been introduced by Hauer (3,4). 

It can be seen that the recorded number of accidents for 1976-1978 

agrees very well with the number which may be expected according 

to Hauer's method* (Tables 2 and 4). 

-*-~\\ hen calculating the expected number of accidents according to 
Hauer's method correction has been made by multiplying with the 

factor 1 . 1.136. 
4 



Table l. Police-reported accidents. Rural junctions in the major road network which were unaltered during 1972-1978. 

a b c d e g h 
Junctions Pred. no. of Recorded no. Recorded no. of accidents Predicted no. of Recorded no. e Estimate of the e 

which, during accidents of accidents 1972-1975 adjusted l to be accidents 1976- of accidents c regression d 
1972-1975, 1972-1975 1972-1975 comparable against the recor- 1978 according 1976-1978 effect 

had: according to ded no. of accidents 1976-1978 to model2) 
model 

?- 7 accidents 76.1 232 197.7 64.8 142 0.72 2896 2.19 
(26 junctions) 

6 accidents 44.8 102 86.9 38.2 52 0.60 4096 1.36 
(J 7 junctions) 

5 accidents 93.4 195 166.1 79.6 105 0.63 3796 1. 32 
(39 junctions) 

4 accidents 97.5 212 180.6 83.1 103 0.57 4396 !. 24 
r~ (53 junctions) 

3 accidents 159.1 303 258.2 135.6 181 0.70 3096 1.33 
(J 0 I junctions) 

2 accidents 301.0 488 415.8 256.5 253 0.61 3996 0.99 
(244 junctions) 

I accident 567.4 657 559.8 483.4 509 0.91 996 1.05 
(657 junctions) 

o accidents 761.2 0 0 648.5 551 0.85 
(1500 junctions) 

Total 2100.5 2189 1865.1 1789.6 1896 1.02 
(2637 junctions) 

1) Multiplied by l· 1.136 (an average of 13.696 more traffic per year during 1976-1978 than during 1972-1975) 

2) Predicted number of accidents during 1972-1975 according to the model multiplied by l· 1.136 

Table 2. Police-reported accidents. Rural junctions in the major road network which w.ere unaltered during 1972-1978. 

a b c d e 
Junctions which, during Recorded no. Recorded no. of acciden ts Recorded no. c Estimate of No. of accidents 

1972-1975, had: of accidents 1972-1975 adjusted 1) to be of accidents b the regression 1976-1978 predicted 
1972-1975 comparable against the recor- 1976-1978 effect by "Hauer's method" 

ded no. of accidents 1976-1978 

;. 7 arcidents (26 junctions) 232 197.7 142 0.72 28% 108.2 

;. 6 accidents (lf3 Junctiofls) 334 234.6 1911 0.68 32l,\:' 197.7 

~ 5 accidents (82 junctions) ';29 450.7 299 0.66 311% 284.6 

::- If accidents (135 junctions) 7lfl 631. 3 4Q2 0.64 36% 450.7 

::- 3 accidents (236 junctions) 1044 889.5 583 0.66 34% 63!. 3 

;. 2 accidents (480 junctions) 1532 1305.3 836 0.64 36% 889.5 

> I accident (1137 junctions) 2189 1865.0 1345 0.72 28% 1305.3 

> o accidents (2637 junctions) 21S9 1865.0 1896 1865.0 

3 1) Muliplied by 4 . 1.136 (an average of 13.696 more traffic per year during 1976-1978 than during 1972-1975) 

so 



Table 3. Personal-injury accidents. Rural junctions in the major road network which were unaltered during 1972-1978. 

Junctions which, during 
1972-1975,had: 

~ 4 accidents (! 4 junctions) 

3 accidents (24 junctions) 

2 accidents (! 19 junctions) 

I accident (441 junctions) 

o accidents (2039 junctions) 

Total (2637 junctions) 

a 
Recorded no. 
of accidents 

1972-1975 

58 

72 

238 

441 

0 

809 

b 
Recorded no. of accidents 
1972-1975 adjusted il to be 

comparable against the recor
ded no. of accidents 1976-1978 

49.4 

6\.3 

202.8 

375.7 

0 

689.3 

c 
Recorded no. 
of accidents 

1976-1978 

21 

32 

84 

184 

383 

704 

d 
c 
jj 

e 
Estimate of 

the regression 
effect 

0.43 57% 

0.52 48% 

0.41 59% 

0.49 51 % 

1.02 

il Multiplied by ~ . 1.136 (an average of 13.6% more traffic per year during 1976-1978 than during 1972-1975) 

Table '4. Personal-injury accidents. Rural junctions in the major road network which were unaltered during 1972-1978. 

a b c d e f 
Junctions which, during Recorded no. Recorded no. of accjdents Recorded no. c Estimate of No. of accidents 

1972-1975, had: of accidents 1972-1975 adjusted I Lu be of accidents jj the regression 1976-1978 pre-
1972-1975 comparable against the recor- 1976-1978 effect dicted by 

ded no. of accidents 1976-1978 "Hauer's method" 

>- 4 accidents (! 4 junctions) 58 49.4 21 0.43 57% 

::. 3 accidents (38 junctions) 130 110.8 53 0.48 52% 49.4 

::. 2 accidents <t 57 junctions) 368 313.5 137 0.44 56% 110.8 

::. I accident (598 junctions) 809 689.3 321 0.47 53% 313.5 

::. 0 accidents (2637 junctions) 809 689.3 704 689.3 

il Multiplied by ~. L136 (an average. of 13.6% more traffic per year during 1976-1978 than during 1972-1975) 



10 11 

~ ::; Ss c ':&;' N C\,IoJ N..,. 00 a-
~ \v 

I! - v- N'" 
- C1I 0 III \"n Pl Q\. Cl 'J III -. III - tll lE 

"0 s: 00 ~ _. n -. n -. n -. n n C n -. n ... -. - CnCnCoCoCn:lnCn -:Tu 3. HOW CAN THE "REGRESSION-TO-MEAN" EFFECT BE ADJUSTED IN 
<1> §. c: :l _. :l _ :l _. :l _. ~ _. n _. :l _. ::r~~§ a. " n ~ n ~ n ~ n ~ n ~ ~ ~ n ~ 
~. .g: U :!.~ =.~ =.~ ::!.~ ::!.g cj"~ z.g Pl I" n NON-EXPERIMENT AL BEFORE-AND-AFTER STUDIES? ,r o " 0 .... 0 " 0 " 0 " :l " 0 _ g.~ ~g. <1> it· ~ ~fI1~"'~fn~(.1(1\fn~(1I -"0 a. " ", ... " a. ~ 

\"n -'VI ~~ " eT . " c: '< 
00 g' ? 3 On the basis of the results described in Chapter 2 information is obtained 

CT 4:-I\,IoJ 

~ 
ro ... 

~ 0 "0 - ro 
~"O on the average magnitude of the regression effect at road junctions in the a R~;~ 3 ~ 

~ "" 3 ~ ...... n-' o ~ Swedish major road network for different accident numbers during a a- a; 0.<1> n &.&.~C.~1ll <1> a. n N N N '" 
Cl: OJ 

..,. ..,. 
"" 00 '" "" N !!.~ ::0 g.2.. F~ 

ro " :.. '" :... :0 :... '" ~ N 
.... ~~:J ::rn before-period covering 4 years. Hauer's method provides in more general 

~ ~ '" -. 
'" < o VI ~ 0.0. terms a possibility for estimating the average regression effect for groups 

~ 
ro 

a. '" " E; '" 0;0 ~.~ of selected objects. 00 :i' ro --<1> 
00 a "'",n " a- ;; ;; ;;0 

"'nO ;:;';;;0 
N n '" _·c 

::0 
..,. 

"" 00 00 ..,. I _.0. CT n ... 

"" N - 0 v- ..,. v- 00 '" - 0.<1> '" ~ '" er. "'<1>0. ~- From the practical aspect it is especially desirable to be able to estimate N "''''' , 
eR \"n r;;-? -<c· 

'" 3 ::r" the regression effect for investigated objects (e.g. junctions) either 
'" g.n 

_.n 
v- 0 ~g. 

'" iil o.~:;;;o indi vidually or in small groups. n ro " n ~ :J"'O ...... rD ... '" 
~ 

... ? e: ~g " _. 
!: c" a. a~~~ 3~ 

5' ri' eT ::r For the 2637 unaltered junctions already studied subsequent processing 00 
"0 

g,Jt'D\"na. ro ro 
S '" a; gQJp.I:J ~ 3 ~ ..,. N '" 00 00 '" 

..,. a:cre.e-:? n 
g. '< '" a- 00 '" 00 N 0 -'" has shown that 

'" ~ N \.. '" ~ :0 '" 
(D _·c 0 "'00' Cl> ~~~; Cl> 

~ 
g. ... 

3 a. ~ a. n 0'0 
0 -::r -n 

<1> '" a. E; "'t1I -_. .!, a. it may be appropriate to have the before-period to cover 5 years 
(It !!. '" ... a. • 5' cr~og .g~ N 3 00 -ncr ... 0 ... 

§- ::0 
\DO(DUl ~IE ........ 

'" 
00' <1> 0 

'[ f 
a. ... • it may also be appropriate to omit a certain number of the worst 

_","0 ~" it· 
'" f"t..og@ g lE accident years (the year/years with the greatest number of acci-a. 
'" o~a:&. 

_.::r 
eT 00 

a. _. 

'< ~ 3DJn~ <1> n ,,::r dents) and instead to allocate these years the average number of ..,.1"" ::r 
"" N N N ..,. oga~a. :;tIE DJ 

" '" "" "" 0 ;> - ..,. 
0. 0 '" ... ro 

:- a. 00 '" 
..,. ..,. 00 ..,. '" !!.d.::os ::r'" accidents per year for the other years. 

c: ~-........ '" <1> 
'" 

... " a- 0 " c: a- :i' 00,- <1> " 00 >< DJ 

::0 o ;0 
,,-

I I --ro ~ ~ With this procedure it should be possible to make a rough but individual 
'" "'",n "'<1> N , N ;; ~8.a.(O ~o. correction for the regression effect. 
'" "" N N N v.> 0.0. N v- "" v- v- - '" 

..,. - a. <1> 
'" "'",a. E; 5. 
~ ~~? , _." 

~oo 
0 ~ 0 0 0 0 0 0 ~::o 

The following table shows that, for junctions which had significantly more 
..,. 

::0 '" N N ..,. ..,. a- nltb - ",,,, 
police-reported accidents in 1972-1976 than expected (level of signifi-N ..,. 00 .. "" a- v- NN 

I I 

::0::0 cance 2.5 %) according to the Institute's models and at the same time at ",,,, 
",00 ... . ~ ::rrn least 5 police-reported accidents during this period, it would be necessary '" ~ " !!. m:!"' a. 

v- 00 a- '" '" v- v- "" ;-~ ~(7Q l: on average to omit the 2 worst years during the before-period in order to 00 a- N N '" 
..,. v- ::r 

If{ '" eR if- ?!< If{ d< '" n<1>" n 
... "'''' obtain approximately the same number of accidents per junctions and year ~·o ?' 

0_ 
:::J DJ as for the after-period 1977-1978*. n n 

~ a. 
N 

'" N :... N 0 ~ '" 
a.1(l) :7 s· 

'" DO 
a- 00 N "" N N '" 

..,. 
S * Attention has been paid to the fact that the average annual amount 
" ::r of traffic was about 12.6 % greater during 1977-1978 than during 
'" 1972-1976. 



-en w 

12 

For those junctions which, according to the Institute's models, had 

significantly more police-reported accidents during 1972-1976 than ex

pected but fewer than 5 police-reported accidents it would seem more 

appropriate to omit only the worst accident year. 

Junctions (unaltered during 1972-1978) with significantly more police-reported acci
dents than expected for 1972-1976: 

Junctions 
which, during 

1972-1976, 
had 

~ 10 accidents 
(12 junctions) 

9 accidents 
(5 junctions) 

8 accidents 
(8 junctions) 

7 accidents 
(7 junctions) 

6 accidents 
(11 junctions) 

5 accidents 
(19 junctions) 

4 accidents 
(26 junctions) 

3 accidents 
(29 junctions) 

2 accidents 
(37 junctions) 

1 accident 
(18 junctions) 

a 
1972-1976, 

no. of 
accidents per 

junction 
and year* 

3.15 

2.03 

1.80 

1.58 

1.35 

1.13 

0.90 

0.68 

0.45 

0.23 

b 
1972-1976 
excl. the 

worst acci
dent year, 

no. of 
accidents 

per junction 
and year* 

2.51 

1.58 

1.44 

1.09 

0.92 

0.74 

0.50 

0.35 

0.23 

0.00 

c 
1972-1976 
excl. the 
2 worst 

accident 
years, no. of 

accidents 
per junction 
and year* 

1. 94 

1.35 

1.08 

0.70 

0.68 

0.57 

0.27 

0.13 

0.00 

0.00 

d 
1977-1978, 

no. of 
accidents 

per junction 
and year 

1.88 

1.10 

1.00 

1.07 

0.64 

0.39 

0.56 

0.26 

0.19 

0.03 

* Multiplied by 1.126 since the average annual amount of traffic was 12.6 % greater 
during 1977-1978 than during 1972-1976. 

13 

For those junctions which, according to the Institute's models, had more, 

but not significantly more, police-reported accidents than expected it 

would be too drastic to omit the worst accident year. Instead, it would be 

better to take the "mean" of not omitting any accident year and omitting 

the worst accident year. 

Junctions (unaltered during 1972-1978) with more, but not significantly more, police
reported accidents than expected for 1972-1976: 

Junctions 
which, during 

1972-1976, 
had 

17 accidents 
(1 junction) 

8 accidents 
(4 junctions) 

7 accidents 
(11 junctions) 

6 accidents 
(12 junctions) 

5 accidents 
(24 junctions) 

4 accidents 
(42 junctions) 

3 accidents 
(81 junctions) 

2 accidents 
(205 junctions) 

1 accident 
(391 junctions) 

a 
1972-1976, 

no. of 
accidents per 

junction 
and year* 

3.82 

1.80 

1.58 

1.35 

1.13 

0.90 

0.68 

0.45 

0.23 

b 
1972-1976 
excl. the 

worst acci
dent year, 

no. of 
accidents 

per junction 
and year* 

3.10 

1.48 

1.00 

0.89 

0.73 

0.52 

0.36 

0.21 

0.00 

c 
a+b 
-2-

3.46 

l.:.2!t 

1.29 

1.12 

0.93 

0.71 

0.52 

0.33 

0.12 

d 
1977-1978, 

no. of 
accidents 

per junction 
and year 

5.50 

1.50 

1.23 

1.13 

0.75 

0.71 

0.41 

0.28 

0.12 

* MultIplTed oY-l.126 since the average annual amount of traffic was 12.6 % greater 
during 1977-1978 than during 1972-1976. 
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For junctions with more (not necessarily significantly more) personal

injury accidents than expected* it would seem appropriate to take the 

"mean" of omitting the worst accident year and omitting the two worst 

accident years. For personal-injury accidents the pattern in a procedure 

of this nature will however not be as clear as that described for police

reported accidents on pages 12 and 13. 

A procedure following that described above is conceivable at least for 

road junctions in the Swedish major road network. The advantages of this 

method are that it is both very simple and that the regression effect is 

treated individually for each junction. The disadvantage is that the 

method is rough and especially that it is not in any way supported by 

theory. 

.~. 

* Cil.fCuli'ltecfwith a standard method using the Institute's models 

4. 
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ANALYSIS 

By 
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Prof. Dr.techn. S 0 Gunnarsson, Chalmers University of 
Technology, G6teborg 

Dr.techn. S Lillienberg, Nordisk Planeringskonsult AB, 
G6teborg 

Introduction 

Traffic accidents are a serious consequence of the road 
traffic system and should be carefully monitored. This 
creates a need for a computer system which provides 
continuing information on traffic accidents within a 
particular area (e.g. a county, a metropolitan area, 
a city or a town). 

This paper describes the design and the use of an 
interactive computer system for analysis of traffic 
accident data, called TRAFO, developed by Nordisk 
Planeringskonsult AB, G6teborg, Sweden, in cooperation 
with the SCAFT Traffic Safety Group at Chalmers 
University of Technology. 

Objectives 

A computer system should have the following objectives: 

study trends in accident statistics; 

analyze factors contributing to accidents, particularly 
the "traffic environment"; 

make priority lists for improvements; 

provide a base for the design of improvements; 

carry out follow-up studies. 

The system should be easy to handle and produce under
standable results in a flexible but reliable way. 

The solution will be an interactive system, using 
terminals and displays for a dialogue communication 
between the user and the computer. A set of programs 
will be necessary for input, control, data analysis 
and visual presentations. 

2 

Design of the TRAFO system 

The TRAFO system has been designed to qchieve: 

- Interactive input of accident reports and corresponding 
data; 

- Control of conSistency simultaneous with the input of 
data; 

- Automatic classification of types of accidents; 

- Display of results on tables and maps which can be 
easily read and understood; 

- Easy modification of the system in order to accomodate 
special studies; 

- Possibility to coordinate the computer system with 
other accident registers (e.g. from hospitals), as well 
as with other information (e.g. from traffic counts 
and prognoses); and 

- Reasonable processing costs. 

The TRAFO system consists of sub-programs for: 

(1) Input of accident reports; 

(2) Control and testing of accident data, as well as 
clear printout text; 

(3) Automatic classification of type of accident with 
storage on tape or discs; 

(4) Updating of accident reports and background data 
(i.e. traffic volumes, street characteristics); 

(5) Determination of simple distributions and relations 
(crosstabulation); 

(6) Analysis of trends, costs and black-spots for 
accidents; 

(7) Making of maps and diagrams of accidents with an 
automatic drawing machine, or presentation on a 
display; and 

(8) Models for accident prediction. 

Geographical presentation of accident spots 

A well-known problem in data processing of accidents is 
to set up a principle for the location of accidents. The 
following methods can be applied: 

- The address of the streets/places; 

- A code for the streets; 

- A code for the junctions; 

- Coordinates for the spots; 

The TRAFO system can allow all these types of location 
principles. However, it has been found practical to 
only locate in detail accidents which have occurred on 
the main network. This means that 80-90 percent of the 
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accidents directly can be placed on the network scheme. 
The other rest will be referred to small areas (districts) 
between the main streets. In some cases a code for 
junctions can be useful to describe accidents as about 
50 percent of the accidents is located to junctions. 
Accidents on street sections can be presented as a place 
between two junctions. 

Input 

Input consists of: 

Accident data, such as information on location, time, 
traffic elements involved, and special environmental 
factors. Data are collected from police reports or 
similar information. 

Network data, such as information on general 
characteristics of the traffic network (e.g. geometrical 
design, traffic regulation, traffic volume). Data are 
collected from maps, traffic counts, or through studies 
on location. 

Data in clear text, such as name of coded locations, 
accident types, and environment characteristics. Data 
are collected from street registers and code keys. 

output 

The results of the processing can be displayed as: 

Cross-tables, indicating relations between variables, 
e.g. most severe consequences and type of accident. 

Ranking lists, showing locations in order of total 
number of aCCidents, percentage accidents during 
darkness, accident quotient (black-spots), etc. 

Accident maps, showing geographical distribution of 
accidents. 

Collision diagrams, showing type of road user, type of 
conflict, type of injury etc. 

The tables are designed so they can easily be duplicated 
and published. The Figure 1 shows an example of a 
collision diagram, automatically produced on a graphic 
display. 

Applications and experiences 

The TRAFO system is used by Scandinavian cities and towns 
of different sizes in their continuous analysis of 
accidents. Gothenburg among others in Sweden and Oslo 
in Norway. 

The reason for chosing a computer system has been the 
difficulties in using accident pin maps and other manual 
made summaries to explain the aCCident sltuation. 

The main disadvantages with the manual methods are: 

Accident overview maps can only show the accident 
location and one or two additional variables for a 
fixed period. 
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Manual analysis are expensive and time consuming. 

Unplanned sWfu~aries cannot be done fast enough which 
means that current safety problems cannot be regarded. 

Manual methods therefore give poor information to the 
decision maker about the risk level and the explanation 
of an accident pattern. 

When questions could not be answered from the standard 
routines, it will be necessary to make a new complete 
investigation of the accident records, which can be 
very time consuming. 

A computerized system gives the user a possibility to 
make standard analysis as well as unplanned summaries 
when new questions arise. The decreasing cost for 
cumputer time and user-ackomodated dialogue routines 
make computers more and more attractive for traffic 
accident analysis. 

The advantages of computer based analysis which have 
been found by the TRAFO-users are as follow: 

Interactive input of accident data combined with 
coding support results in simple handling of data. 

Errors in input data can be corrected immediately. 

Automatic classification of the accident type 
eliminates classification errors which cannot easily 
be identified. 

Analysis can be made for any period and for any 
conditions, e.g. for trend analysis and black-spot 
analysis. 

Accident data can easily be related to background 
data, i.e. traffic volumes, demographic and 
environmental datas. 

An example of a ranking list is given in Fig. 1. 
Studies have also been made for special type of 
accidents, e.g. in darkness conditions, red light 
violence driving. 

A bank of knowledge and experie'nces is available, 
e.g. for before-after-studies. 

Hypothesis can be immediately tested by a man
computer dialogue. 

Automatic presentation of results in form of 
collision diagrams and overview maps can easily 
be done. 

A computer system is therefore a Gseful tool tor 
andlysls of short-term measures. 
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A LEARrHNG DISABILITY AND ITS CURE* 

Ezra Hauer, Department of Civil Engineering, University of Toronto 

ABSTRACT 

Se.IU.£ble. mana.ge.me.n:t 06 bz.a.6Mc. -baf,uy .£6 pJte.di.ca.:ted on hav.ing JtV1.-50nable 
e.xpe.c..:ta.tiOJ'L6 about the. en 6ect 06 VaPMUh .oa6uy pJtogJta.mmu and coun:teJtme.a..6Wi.U. 
Un60Jttuna.:te.ty, .in -bpUe. 06 de.ca.du 06 Jtue.a.Jtdt and expe.Jt.ie.nce, :the. -ba6e:ty 
e66ec:t 06 many coun:teJtme.a..6Wi.U .£6 .ta.Jtge.ty un/mown. Tlt.£6 -bOMy -b:ta.:te. 06 
a66a..Ut.6 .£6 ma..<.n.e.y due. :to :the. 6ac:t :tha.:t U .£6 di.66.icuU :to conduct conc.tUh.ive 
e.xpe.Jt.<.men.:t6 about :the e.66ect 06 Mocty coun:teJtme.a..6Wi.C6. 

RecognU.<.on 06 :thM objective. di.6Mcutty -bhoutd lead one :to quuUon :the 
Uhe.6utnu-b 06 c.taM.ica..e. -b:ta;t.£6tic.a1. :tu.:t6 or) -b.<.gn.<.Mcance. M a de.v.ice oo.'!. 
-buen:C.<.6.ic pJtogJtU-b .£n :t1t.£6 Me.td. The unquuUon.<.ng and a.££-pe-'!.Va.-b.£ve. Uhe. aS 
-b.<.gn.<.Mca.nce tuting .in eva..tua.Uve. Jtuea.Jtch on M6e:ty amount5 :to a -be.tS-
bt6Ucte.d te.a.Jtn.<.ng d.£6abil.Uy. The 6.u-...t.:t PM:t 06 :the. papeJt exp.ta..<.1U why. 

The. 6unda.me.ltta..t pJtOble.m 0 & eva..tua;t.<.ve. Jtu e.a.Jtch.£6 how :to build Imowtedg e. 
nJtom expe.Jt.<.me.n:ta..t Jtuu.t.:t6. Recogn.i:::1.ng:tha.:t.in bz.a.lUpOJtt -ba6e.:ty k.nowtedge ..L; 
gMdua..t.ty acc.umu.ta.:ted nJtom :the Jtuu.t.:t6 06 many -b:tudi.u, aUeJtna.Uve appJtoadtC5 
Me exptOJte.d. The appUcation 06 a Bayu.{.a.n appJtoach bt a -bpeutli.-c CMC .£.5 
due-Ube.d. 

1. Transport Safety Management 

The management of transport safety is a multifaceted and amorphous public 
activity. So many are the players in this game and so loosely coordinated ap
pear their game plans to be, that the common aspects of "transport safety de
liveroy" may escape recognition. Yet when one thinks of, say, the air traffic 
control system, the provision of school crossing guards, the licensing of drivers 
and highway geometry design as a few selected components of a transport safety 
management system, one comes to recognize how all-pervasive this public activity 
is and how large are the resources devoted to it. Legend has it that some 80', 
of the Transport Canada budget is linked to management of safety. It is there
fore both natural and necessary to be concerned about the effectiveness with 
which resources are allocated and spent in this domain of public expenditure. 

Resources are allocated to a variety of safety related tasks, programmes 
standards, etc. It is best to lump these under the term: countermeasures. 
One can accept without qualms the statement, that improved knowledge about the 
safety effect of countermeasures is likely to enhance the rationality of trans
port safety management. Conversely, no matter how well the outfit responsible 
for safety management is run and how sophisticated its officials are, if the 
safety effect of countermeasures is not known, one can not expect efficiency 
in resource allocation. These dicta are the motivation for engaging in re
search on the effect of countermeasures on transport safety. 

This trite introduction is needed to set the stage for the arguments tu 
come. It is best to state at the outset that evaluative research in transport 
safety is viewed here not as an element in the quest for the understanding of 

* The support of Transport Canada in the conduct of this inquil'y is gratefully 
acknowledged. 
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nature nor as an activity satisfying a primeval human thirst for knowledge. 
It is viewed within a utilitarian perspective as the kingpin of rational 
decision-making in the management of safety. 

2. A Learning Disability 

Progress in research on the effect of safety countermeasures has been un
even and in many cases, sluggish. It is hardly unfair to maintain that in 
spite of many decades of experience with many countermeasures (such as driver 
education, illumination, speed limit enforcement, traffic signals, vehicle 
inspection, demerit point systems, etc.) there is no concensus about their 
safety effect. This is an unusual and perplexing fact which should give pause 
for thought. There must be reasons which explain why after half a century a 
century of doing something as costly and unpopular as, e.g., enforcing speed 
limits, society has been unable to use such extensive experience in order to 
learn whether the enforcement activity has some effect on safety. 

Some of the formidable objective obstacles to progress in research on 
safety are well known. Foremost among those is the practical difficulty of 
conducting controlled experiments. Yet, there is a nagging doubt whether 
these objective difficulties are sufficient to explain the persistence of 
ignot'ance. After all, reality does offer opportunities for study. To study, 
e.g., the effect of speed enforcement, one can find speed limit enforcement 
programs introduced and abandoned, police strikes, differences in levels of 
enforcement, etc. Researchers are skillful to recognize many such opportunities. 
Thus, there exists a multitude of research studies, small or extensive, pro
perly conducted as well as deficient in design and execution. Yet, in spite of 
laborious and costly research efforts spanning several decades, concensus about 
the effect of many a countermeasure is slow to emerge. Is it not possible, 
therefore, that in addition to the objective difficulties, there is also some 
"leal'ning disability" at work? Is there not something in the manner in which 
we learn from experience and extract information from experimental evidence 
which acts as an obstacle to the emergence of knowledge about the effect of 
safety countermeasures? 

It seems prudent to admit the possibility that not all fault lies with an 
adverse "state of nature"; that other factors contribute to slow progress in 
evaluative research on safety; that some of the impediments to progress are 
self-infl icted. 

One of the important traits of observations on system safety is their 
random nature. This is why safety is explored using the theory of probability 
and the tools of statistics. The whipping-boy in this paper will be some 
methods of classical statistics. It will be argued in the sequel that the 
machinery of classical hypothesis testinq is largely irrelevant for the task 
at hand and is often the reason for conservatism and slow learnina. Alterna
tive methods for extracting information from data will be explore later. 

3. A Brief Critique of the Classical Testing of Hypotheses 

A typical study about the safety effect of some countermeasure begins by 
designing an experiment and proceeds by collecting the data leaDing to the 
analysis thereof. The punch line in most cases is the testing of statistical 
hypotheses about the safety effect of the countermeasure studied. The 
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conclusion therefore is usually a statement on whether a hypothesis can or can 
not be rejected at a chosen level of significance when confronted with some 
alternative hypotheses. 

There is considerable attraction in the apparent rigour of this process. 
It evokes the image of an ideal ized "scientific method" in which hypotheses are 
postulated and supported (or falsified) by experiments. This image of rigour 
seems to be particularly dear to disciplines not endowed by the facility for 
purposeful experimentation and deductive reasoning so characteristic of the 
natural sciences. 

Be it as it may, the discourse on the method of science is best left to 
its philosophers. Here we will merely try to substantiate the claim that the 
persistent practice of interpreting data through classical tests of hypotheses may 
exert a thwartin9 influence on pr09ress in resenrch about safety countermeasure 
effectiveness. This is so, because the "decision" to reject or not to reject 
a hypothesis is largely arbitrary and can not be interpreted in any meaningful 
manner. Moreover, the real life setting in which research on the effectiveness 
of safety countermeasures has to be conducted is characterized by relatively 
small samples and deals with countermeasures the effect of which is typically 
small. The conventional test of a hypothesis in these circumstances will 
usually return the answer: the hypothesis "no effect" can not be rejected. 
The net results of this built-in conservatism is that most real life counter
measures are branded as "not shown effective". This in turn leads to perpetua
tion of the status quo and to stagnation. Thus, it appears important to argue 
the case against the use of classical tests of hypotheses in research on the 
effect of safety countermeasures. 

The "knocking" of statistics is a popular pastime. It is usually done on 
the basis of some improper use of the statistical method. To any such charge, 
the statistician would respond by claiming that misuse is not the fault of the 
method but of those using it incorrectly. (Even the validity of this response 
can be questioned. It is not common to find statistical methods used properly. 
Nor is there a good prospect that this will change. Thus, if a method cannot 
be used properly be well meaning mortals, it may not be fit for general human 
consumption.) However, this critique is aimed at the case when the classical 
method is applied as intended - without flaw. I will claim, that in the con
text of research on countermeasure effecti veness in transport safety, methods 
of classical hypothesis testing are largely irrelevant and often harmful. 
This claim will rest on two groups of arguments. 

a) The outcome of a classical test of hypothesis is arbitrary. Whether a 
hypothesis is "rejected" or "not rejected" depends on considerations that 
cannot be related in any meaningful fashion to the real circumstances of 
the issue under scruti ny. Thus, one can "deci de" either to reject or to 
accept any of the hypotheses under consideration. 

b) The "decision" (to reject or not) which is the result of the "test" is 
difficult to interpret in some straightforward manner. Yet, the obscure 
concept of "decision" is the fulcrum on which eve~thing hinges. Moreover, 
the criteria used to make this "decision" can not be used to weigh the 
importance of the consequences in a real decision-making context. 

These two groups of arguments are explored in some detail below. 
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The first group of arguments leads !o the conclusion that the result of 
a test of hypothesis is arbitra~. The arbitrariness of the procedure stems 
fro~ three major difficulties. 

Firstly, whether the null hypothesis is rejected or not depends entirely 
on the chosen level of significance. Given the results of an experiment, for 
som~ levels of significance you reject the null hypothesis, for others you 
don't. If the results of a test depends so immediately on the chosen level 
of significance, one would like to be shown that the custom and convention in 
this matter have a rational justification. For, if such a basis can not be 
found, one is justified in thinking the test to be arbitrary. 

Both elementary and advanced texts on statistics either leave it to the 
discretion of the analyst to choose the appropriate "critical levels" (as if 
it was evident how to do so) or recommend to follow custom and use the 0.01 
or 0.05 levels of significance. But how is one to judge what is "appropriate"? 
Does adherence to custom IT,ake the outcome "arbitrary-by-custom"? 

A down-to-earth justification of the conventional critical levels is given 
by Bross (1971). His argument is rooted in the practice of biostatistics and 
consists of two elements. Firstly, progress would be irrDeded if too many 
erroneous claims (say, of drug effectiveness) were published. Thus, it is 
necessary to set some level of significance to keep "false positives" out of 
the pages of journals. Secondly, "the 5~; level ••• is a feasible level at 
which to do research work" - in biostatistics. 

In research on the effect of safety countermeasures, the 5~, level is 
rarely a feasible one. To illustrate, 8erg (1980) concludes that in order to 
exami ne the safety effect of an advance ~Iarni ng sign for ra i 1 road-hi ghway 
crossing at the 5~ level of significance, one would require 15000 "treatment" 
and 15000 "control" sites. This exceeds the total number of level crossings 
in the USA. Thus, if there is to be a conventional level of significance in 
safety research, it is not necessarily that which is sui:.able for biostatistics 
or agriculture. 

The damage done to sci ent i fi c progl'ess by the publ i cati on of an erroneous 
account of effectiveness must be weighed against the damage done by branding 
"not proven effective" many-a-promising countermeasure. Which is the more 
serious damage is surely a matter of opinion. Thus, even the level-headed 
argument by Bross leads back to the exercise of judgement. This judgement is 
far removed from the specific research question at hand or a set of experi
mental data to be interpreted. It is difficult to think of a test as not 
al'bitrary if its result depends on some metaphysical aspects of scientific 
J:'rogress. 

Seco~,dly, the answer returned by a statistical test of hypothesis depends 
crucially on yet another custom - the convention by which one selects the "null 
hypothesis". The outcome of the test is often determined by the decision which 
of the contending hypotheses to cast in the role of the "null hypothesis". 

[cns i der blo si mp 1 e hypotheses: 

- courtermeesure has no e~fe~t. 
- cauntermeasure is!O effe:tive. 
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Given is a small set of experimental results and an appropriate level of 
significance is agreed upon - somehow. When X is selected to serve as the 
null hypothesis, it can not be rejected. One concludes: 

(1) The hypothesis that the countermeasure has no effect can not be 
rejected. 

If Y were selected to serve as the null hypothesis it also can not be rejected 
(at the same level of significance and using the same experimental data). In 
this case one states: 

(2) The hypothesis that the countermeasure is 10~ effective can not be 
rejected. 

Ordinarily, statements (1) would be interpreted as being different in 
meaning from statement (2). If so, one obtains different answers from a test 
as a result of a choice about which of the contending hypotheses is to serve 
in the role of the "null hypothesis". This choice is dictated by arbitrary 
convention. 

One can maintain that statements (1) and (2) should not convey different 
impressions about the effectiveness of the countermeasure; that they are com
plementary and illumine the same facts from two slightly different angles. 
I n fact, that there is a vlho 1 e range of parameter values, hypotheses about 
which can not be rejected. This interpretation runs counter to the concept 
of a "test" which culminates in a "decision". It runs counter to the manner 
in \'/hich the machinery of hypothesis testing is used. Finally, even if one 
swallows convention in both cases and aqrees on a level of significance and null 
hypothesis, the outcome of the test remains arbitrary. For, no matter how 
small the difference between the "null" and the "alternative" hypotheses, the 
null hypothesis can be almost always rejected when the experiment is large 
enough. Thus, not only does the outcome of a "test" depend on two inexplicable 
conventions~ it also depends on the budget available for experimentation. It 
is difficult to see what meaning to assign to a "test" if its outcome is deter
mined by vague conventions and other extraneous influences. 

The second set of objections to the process of classical hypothesis testing 
centers on the lack of clarity as to what a "decision" is to mean. At the end 
of a test of a hypothesis, one has to "decide" whether "to reject" or "not to 
reject" the null hypothesis. What precisely are the consequences or guidance 
for subsequent action implied by such a decision? One interpretation of what 
"deciding" means may be, that until such time as the null hypothesis can be 
rejected, it remains the accepted doctrine. I do not know whether this is a 
workable scheme in the natural sciences. In safety, it is seldom easy to deter
mine what is meant by "accepted doctrine". In any case, this interpretation 
seems to run counter the convention of using "no effect" as the hypothesis we 
are trying to reject. It is difficult to believe that the aceFlted >doctrine 
about most countermeasures we test is, that they have no effect. The contrary 
may be closer to the truth. He test them because there is some ground to 
believe they might be effective. 

This leads to another possible interpretation of what "deciding" might 
mean. The null hypothesis we select (no effect) is really only a strawman; it 
is placed on the altar only to be destroyed by expel'imental evidence ("it is 

-6-

merely something set up like a coconut to stand until it is hit" Jeffreys, 
1961). When so rejecting the "no-effect" hypothesis we imply that the "yes
effect" hypothes is repl aces it. But if vie do not manage to unseat the no
effect"hypothesis (as happens with discouraging but persistent regularity) we 
are saddled with a reigning hypothesis which we did not believe in from the 
outset and which was selected, so to speak, out of spite. In this case the 
most that can be said is that while we do not necessarily believe in the "no 
effect" hypothesis, we have no sufficient proof to reject it. In, say, the 
biological sciences, it might be possible to buy more guinea pigs and experi
ment till the null hypothesis can be rejected. Such an option does not ordi
narily exist in research on safety. 

This same sentiment is expressed delightfully by Edwards (1972, PP. 179, 
180): "unfortunately any method which invites the contemplation of a 'null' 
hypothesis is open to grave misuse, or even abuse, and this seems particularly 
so in the social sciences, where high standards of objectivity are especially 
difficult to attain, and data often of dubious quality. The argument runs as 
follows: 'I am interested in the effect of A on B (for example, the influence 
of hereditary factors in the determination of human intelligence, or the effect 
of increased family allowances on population growth) and I propose to use 
approved statistical techniques so that no one can question my methodology. 
These require me to state a null hypothesis, namely, that A has no effect on B. 
I now test this null hypothesis against my data. Unfortunately my data are not 
very extensive, but I have done the Angler-Plumfather two-headed test and found 
O. 20 ~ P :5.. 0.10. I therefore accept the null hypothes is. ' Further sets of 
data - none of them very extensive - continue to 'miss the coconut', and after 
a ti me the null hypothes i s joi ns tha t corpus of hypotheses referred to as 'know
ledge', on no positive grounds whatever. 

The dangers are obvious. In the first place, the problem is usually one of 
estimation (to use the conventional word) rather than hypothesis-testing; in the 
second place, the chosen null hypothesis is often such that no rational man could 
seriously entertain it: who doubts that hereditary factors have some influence 
on human intelligence, or that increased family allowances have some influence 
on population growth? And in the third place. not only is each test itself 
devoid of justification, but sequential rather than concentrated assaults on 
the null hypothesis are practically pO\~erless in difficult cases: it is like 
trying to sink a battleship by firing lead shot at it for a long time. What 
used to be called judgement is now called prejudice, and what used to be called 
prejudice is now called a null hypothesis. In the social sciences, particularly, 
it is dangerous nonsense (dressed up as 'the scientific method'), and will cause 
much trouble before it is widely appreciated as such" 

Edwards' diagnosis is near prophetic in view of the following comment by 
Meehl (1978): 

"I bel ieve that the almost universal rel iance on merely refuting the null 
hypothesis as the standard method for corroborating substantive theories in the 
soft areas is a terrible mistake, is basically unsound, poor scientific strategy, 
and one of the \~orst things that ever happened in the history of psychology." 

The last escaoe from this morass I can think of is, that the consequences 
of deciding to reject or not to reject very from case to case and therefore 
pach situation requires separate analysis. This might be a sensible escape 
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route. Unfortunately it is blocked. To weigh the importance of "rejection" 
or "non-rejection" in a specific case, we need probabilities of erring. The 
classical test of a hypothesis does not yield estimates of the probability of 
making an error one way or another. -rt returns conditional probabilities. 
That is, the probability of erring if one (or the other) hypothesis is true. 
But, since it remains unknown whether one or the other hypothesis is true, WE 
ARE NOT IN A POSITION TO WEIGH THE IMPORTANCE OF DECIDING TO REJECT OR NOT TO 
REJECT • 

In summary, the classical test leads to a "decision" in some contorted 
sense of the word and uses for that purpose conditional probabilities which 
cannot be related to the importance of the consequences of error, the costs 
and benefits associated with any real decision-making. 

One cannot fault classical hypothesis testing for being entirely devoid 
of any consideration based on cost or benefits. The method has not been con
ceived to be used as a decision making tool. (Perhaps the terminology which 
uses the word "decision" in the context of testing hypotheses has been an un
fortunate choice.) It is possible that when experimentation is cheap<, the 
classical method is a good safeguard against unproven hypotheses and its con
sistent use promises to keep the body of knowledge unpolluted and the ship of 
progress on even keel. 

However, research on the effect of safety countermeasures is in support of 
deliberations about costs and benefits. It is therefore incongrous to think 
that "decisions" can be made without reference to resource implications. By 
this reason alone, classical hypothesis testing should be rejected as a legiti
mate tool for summarizing experimental results in research on safety counter
measure effectiveness. 

As used, classical hypothesis testing is a one shot affair. It is the 
punch line of a study. An experiment is conducted, outcomes are tabulated and 
then subjected to a test. When, as often happens, the null hypothesis is not 
rejected, the information contained in the outcome loses much of its value. 
It is not used in the next study of the same issue. This is possibly the most 
unfortunate feature of the classical significance testing - as used. We operate 
in an environment in which knowledge accumulates through many experiences. 
Failure to use all accumulated information in a purposeful learning process 
virtually assures stagnation. 

4. How to Learn From Data 

The central question before us is: "how to extract information from re
sults of experiments and how to learn from it". 

In discussing this question here, the primacy of two aspects of the pre
vailing situation haS to be recognized. Firstly, that the purpose of research 
on the effect of safety countermeasures is to facilitate sensible decisions 
about the allocation of resources in safety management. Secondly, that a single 
experiment by itself is likely to be too small and noisy to yield authoritative 
knowledge. Therefore, in most cases, one cannot settle a question once and for 
all. 

Thus, research on countermeasure effectiveness is a process. The need to 
engage in it arises when one suspects that the present state of knowledge on 
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some countermeasures is insufficient to make good decisions about its imple
mentation. That, in fact, if we knew more, we might make better use of re
sources. It follows, that the purpose of research is to improve, update and 
revise present knOl~ledge. This revised knowledge wi 11 serve for any decisions 
that need to be made here and now. But if one still has ground to believe 
tha t better know1 edge mi ght save resources, there is room for more research 
and yet another revision of present knowledge, and so on ad infinitum. 

To elucidate the role played by research on the effect of safety counter
measures we start by describing a simple minded but general framework for 
making decision. This will be followed by an illustrative example. 

4.1 A Naive Frame\~Ol'k for Decision Analysis 

Implementation of a countermeasure is considered. Two of its attributes 
are of interest: the cost of the countermeasure and its ability to improve 
safety. Let then C denote the annual cost of the countermeasure and e be an 
index measuring the effectiveness of the device. When the device is imple
mented on a system on which the expected annual number of accidents is M, 
the expected annual accident after implementation*will be t~e. If 8=0, the 
device is totally effective. If 8=1, the countermeasure does not reduce ex
pected annual number of accidents. The magnitude of e is never known exactly. 
Informative statements about 8 must always be couched in terms of odds and 
probabilities. The aim of research on the effectiveness of safety counter
measures is to obtain a good estimate of 8. 

The decision to implement the countermeasure has positive and negative re
percussions. On the credit side of the ledger is the reduction in the expected 
annual number of accidents M(1-6). On the debit side is the expenditure of 
resources C. 

I>Jhether imp 1 ementat i on of the countel'measure is a worthwh il e i nves tment 
can be judged only if it is known whether the same resources can not result in 
a larger safety improvement if invested in a different countermeasure**. Let 
then A denote the reduction in the annual number of accidents obtainable by 
investing one unit of money per annum in the best alternative countermeasure. 
With this meagre notational arsenal, a sensible decision rule might be: 

Implement device if: 

~1 (l-e) > CA ••. 1 

* For sake of simplicity, it is assumed that the effect of the countermeasure 
is to change the expected number of accidents. Safety is not measured only 
in terms of quantity of accidents but also their severity. This simp1ica
tion has no effect on the essence of the argument to follow. 

** The problem of project divisibility is neglected here. It is assumed the 
investment in countermeasures is finely divisible. Nor do we propose to 
deal with uses of money in fields other than the management of transport 
safety. 
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The rule incorporated in the inequality urges one to implement the accident 
reducing device if (with equal expenditure of money) it is expected to save 
more accidents than the best alternative countermeasure*. 

Estimation of three out of the four variables in inequality 1 is rela
tively straightforward. It makes common sense that when considering the in
vestment of some money, one should know what the cost of the project (C) is, 
what the magnitude of the problem (M) is and what could be done with the money 
elsewhere (A). Normally, however, the index of countermeasure effectiveness 
(e) is known with little certainty and decisions must be made on the basis of 
the best available evidence. 

So far, e was assumed to have some unique value estimates of which are 
obtainable from experimental data. However, the same countermeasure when 
applied to different systems is likely to be different in effectiveness. Thus, 
it is legitimate to think of e as a random variable with a probability distri- . 
bution function and an expected value. It will be argued in the sequel that 
the decision-analytic framework is well served by a Bayesian approach to ex
tracting information from data.' This approach is based on a recurring revision 
of the probability distribution function of e. Thus, to keep all options open, 
we will replace e in inequality 1 by ne}. 

W-u'lUn tlw., 6r..a.mwoJt./z, the Jt.o.e.e 06 Jt.Ue.aJl.ch on the e66e.e-t 06 .oa.6e.ty coume.rc
me.a..6lLJt.U -u, to Jt.evL~e cU/Vten.t uUma..tu 06 E {e} on the bcu-u' 06 new empb.J..cai. 
ev.idence. The vai.ue 06 e.va1.ua.t.ive Jt.U e.aJl.ch .u, thelt me.a..6 Wtabie. nJt.om the. 
(expected) .iJtC.!t.e.a..6e .in the e.66ecti.veJtu.6 wUh wlUc.h JtUOlLJt.CM Me. a1£oc.ate.d. 

4.2 Illustrative Example 

The principal issues can be illustrated by a hypothetical numerical ex
ample. Wide implementation of a novel pedestrian crossing device (PCD) is 
contemplated. Naturally, little is known about its safety performance. In 
this state of ignorance, the decision makers might wish to ask for expert 
opinion. Of the 100 experts polled, three opinion groups can be identified: 

10 think the PCD will increase accidents by 10% (Group I) 
60 think it will have no effect (Group 11) and 
30 think it will bring about a 10% reduction in accidents (Group Ill). 

Installing the device at sites which have (jointly) some 100 fatal pedes
trian accidents per annum would cost $200,000 per annum. 

Depending on which group of experts is right, the following are the re
percussions of implementing the PCD. 

* This decision rule is unrealistically stringent. Even if the new device only 
exceeds the cost-effectiveness of the worst presently financed countermeasure 
it should be implemented, provided that resources can be diverted from one to 
the other. 
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TABLE 1. 

"- . 
Expected Savings (fat./year) Costs (S/year) 

Group I is right -10 200,000 
Group I I is right 0 200,000 
Group III is right 10 200,000 

If the decision makers value equally the opinion of every expert, and no 
other information about the effectiveness of the new PCD is available, the best 
presently available estimate of (l-E {e}) = 0.02 
[0.1 x (-0.10) + 0.6 x (0.00) + 0.3 x (0.10)= 0.02]. Accordingly, the best 
estimate of tH1-E{e}) is 100xO.02=2 fatalities/year. This is the estimate of 
the expected reduction in pedestrian fatalities obtained by the investment of 
$200,000 per year. 

Assuming that one could hire for the same amount of money some 10 crossing 
guards and expect to save thereby 3 fatalities per year, .it would be wise to 
decide against implementing the novel PCD. 

If, however, the experts in Group III happen to be right, an incorrect 
decision has been made (to save 3 lives instead of 10). It may therefore be 
worthwhile to do some research about the effectiveness of the PCD so as to im
prove our ability to make good decisions and thereby to enhance the efficiency 
with which money is used in safety management. Assume then that for research 
purposes the new PCD has been implemented at some representative sites. During 
the year prior to implementation these sites recorded 10 fatal pedestrian 
accidents. During the year following implementation, 5 fatalities occurred. 
Now the task is to make use of this new experimental evidence. 

Were one to subject this result to a classical test of hypothesis, the in
escapable conclusion is that the hypothesis "PCD is not effective" can not be 
rejected. What effect such a conclusion would (or should) have on the decision 
about the future of the PCD is unclear. Thus, having conducted a test of hypo
thesis, one is hardly further ahead. It appears to be a singularly unproductive 
way in which to learn from evidence. It is therefore important to try and sug
gest better ways for squeezing information out of data. Three important options 
present themselves: 

(1) Classical "point estimation". 

(2) The "Likelihood" method, and 

(3) "Bayesian" estimation. 

The three methods are intertwined. Thus, one of the more popular techniques 
for obtaining a point estimate is to search for the maximum of the likelihood 
function. Also, the likelihood function plays a central role in Bayesian 
estimation. 

All three options are viable devices for the accumu1ation of empirical 
pvidence, as will be shown below. 
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Were one to adopt classical "point estimation", the data indicates e = 5/10 = 0.50. Following Cox and Lewis (1966, pp. 223-225), the 95% con
fidence interval for e is 0.14-1.70. Should results of another study on the 
peD be, say, 4 accidents "without" and 3 accidents "with", it is easy to 
revise the earlier estimate. Now, e = (5+3)/(10+4) = 0.57 and the 95% con
fidence interval is 0.21 - 1.44. 

Thus, it is not only possible, but in some cases very simple, to ensure 
that the estimate of 6 is revised when new data becomes available; the current 
estimate is to reflect all evidence accumulated till then. 

As the body of experimental evidence grows, the confidence interval be
comes narrower. In this sense, the confidence interval is a useful index of 
the degree of uncertainty in e. A word of caution is in order. It is a common 
misconception to think that the true value 6 is contained with a probability of 
0.95 in the 95% confidence interval calculated from some data. This is non
sense. The value 6 either is or is not within a specified range and to speak of 
probability in this context has no meaning. However, this misconception seems 
to be much less damaging than the acceptance-rejection malaise. Therefore, no 
more will be said about it. 

The second of the aforementioned three options for extracting knowledge 
from data is to make use of the notion of "likelihood". If ~n experimental 
result has a greater probability of occurring if 61 is true than if 62 prevails, 
61 is said to be more "likely" than" 62 , Thus, likelihood measures the strength 
of support which data lend to alternative values of an unknown parameter. The 
concept has first been introduced by Fisher (1925); its logical foundations are 
explored by Hacking (1965) and one of its convincing proponents is Edwards (1972). 

In Figure 1, two likelihood functions are shown. The ordinate of the 
daShed curve is the likelihood of 6 when only information about lD "before" 
accidents and 5 "after" accidents is available. In this case, best supported 
(most likely) value of 6 is 0.5, in accord with common sense and the "point 
estimate" obtained earlier. When new evidence in the form of 4 accidents 
"without" and 3 accidents "with" becomes available, the dashed curve is modified 
and the solid likelihood function obtains. Now the best supported value of 
6 = 0.57. An increase in information will, in general, result in a narrower 
likelihood function. This merely indicates that some values of e become less 
supported by the data in comparison with the most likely value. 

There are many attractions to the likelihood method. It presents the em
pirical evidence in a manner which is closely tied to common sense and without 
the'obfuscation which goes with levels of significance. The method invites 
consecutive revisions as new ~ata is acquired. It extracts all relevant informa
tion from the data (i .e. is a "sufficient" statistic). 

Neither "point estimation" nor the "likelihood method" take cognizance of 
what knowledgeable people bel ieve the peD can do to enhance safety. It may be 
inappropriate to disregard their experience in reaching a decision - particularly 
in view of the paucity of data. Nor are any of the aforementioned methods 
capable of answel'ing questions such as: "what are the odds that the peD is 
harmful?/I In contrast, tne Bayesian approach is ideally suited for the task 
of making decisions. 
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Figure 1. 

Thus, relying on expert opinion only, the probability (as degree of belief) 
that the peD will increase accidents by lD~; (6=1.10) is 0.10 (column 3 in 
Table 2). When results of research show 10 accidents "before" and 5 accidents 
"after", this probabil ity is revised to 0.05 using the machinery of the Bayesian 
method. 

TABLE 2. 

2 3 4 

Revised probability estimate 
Index of Probability estimate based on expert opinion and 
Effectiveness based on expert opinion result of experiment* 

Group a P(6) Pta) 

LlD 0.10 0.05 
Il 1.00 0.60 0.53 

III 0.90 0.30 0.42 

The revised estimate of the Pie) in column 4 are consistent with what the experts 
knew about such and similar devices through their experience and with what has 
been learned from the limited research. 

* Assuming that pedestrian fatalities at the selected sites obey the Poisson 
probability law with a mean of 10 fatalities per year. 
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Using the new values of p(e), the current estimate of expected effective
ness (till}) is 0.963. Accordingly, the current estimate of the expected re
duction in pedestrian fatalities obtainable by implementing the PCD is 
100 x 0.037 = 3.7 fatalities per year, This appears now to be more attrac
tive than the hiring of crossing guards. In fact, by spending $200,00 per 
annum on crossing guards, we expected to save 3 fatalities; however, one needs 
to spend only $160,000 per annum on the PCD's to expect to save 3 fatalities. 
The expected cost reduction of $40,000 per annum is attributable to the in
formation obtained through research which led to a better decision, It is 
possible that more research on this countermeasure could be justified. Results 
of any such research would be used to revise estimates of Pta) in the right
most column of Table 2. 

No illustrative example can be convincing in all detail. Nevertheless, 
the overall impression is, I hope, of common sense and rationality. The 
meaning and context of decision making is clear and fits the task of managing 
safety; new information created by research contributes to better decisions by 
revising previously held views. There is no need for obscurantism about imagi
nary decisions, pseudo-scientific hypotheses, arbitrary levels of significance 
and convoluted definitions of "errors". 

The Bayesian frame of thought seems to solve several problems: even small 
experiments contribute to knowledge; the method ensures that results of all 
previous experiments influence present knowledge; the output is in a form which 
can be directly related to cost effectiveness exercises; it is possible to 
assess the importance of research beforehand and to identify research designs 
which will not yield information, 

4.3 Discussion 

Three options for learning from experimental evidence have been outlined. 
Each can be used to update and revise estimates of countermeasure effectiveness 
in an accumulative manner. Thus, each option is a promising cure to the learning 
disability brought about by the affliction of hypothesis testing. 

Our preference is for a combination of the likelihood and the Bayesian 
method. The 1 ikel ihood function is to retain and accumulate all "objective" 
evidence. Decisions are to be taken using probabilities provided by the 
Bayesian machine. 

The starting point of the Bayesian procedure in the illustrative example 
is subjective "expert" opinion. This fact is commonly viewed as a weakness 
which renders the method "unscientific". After all, arguments are convincing 
when based on facts, not opinion. Also, as is well known, people are poor 
assessors of probability and expertise is no insurance against bias. 

Proper exploration of this issue leads to the realm of the modern philo
sophy of probability which is beyond the scope of this paper and the competence 
of its author. However, for a realistic perspective and balanced view, few 
points deserve mention. For one, the role of expert opinion in the process of 
revising the estimates of Pta) is limited. It is only the first step, setting 
into motion a self-rectifying process which, in principle, goes on indefinitely. 
The set of probabilities which is based on expert opinion is, as it were, the 
initial guess in a convergent iterative solution algorithm" A poor initial 
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guess implies many iterations till a sufficiently accurate solution is obtained 
whereas a successful starting guess will converge in a few cycles. However, no
body will brand the result of an iterative solution as unscientific because it 
began fror" a subjecti ve guess. In the same manner, it is hardly just to s ti g
matize the Bayesian procedure because its starting point is expert opinion. 

For two, it has been argued earlier that the rigor of classical statis
tical methods begins only after some arbitrary specification of, say, the level 
of significance. This, in some sense, is worse than expert opinion since any 
honest attempt of such specification is unaided by intuition and does not 
derive from any human experience. Thus, one ordinarily resorts to the illusory 
comfort of convention. 

The "8ayesian Controversy" has raged for decades. Numerous books and arti
cles by eminent scholars have been devoted to this subject. It is not the aim 
of this paper to add new insights into the argument. Its purpose is to intro
duce the Bayesian controversy into the realm of evaluative research on trans
port safety. Since the proof of the pudding is in the eating, results of an 
application to a specific countermeasure are described in detail below. 
5. Application of the Bayesian Method to an Impaired Driver Rehabilitation 

Program 
Persons convicted of impaired driving are often ordered to attend a re

habilitation programme. The question is, to what extent participation in such 
a programme affects the driver's inclination to drive while impaired. Due to 
recent, large and carefully designed studies there appears to an emerging con
census about the classes of persons which can be affected by such programs and 
how large the effect might be (Nichols, 1980). Thus, it is not the purpose of 
this case study to bring about authoritative information on the effectiveness 
of such rehabilitation pr09rammes. Rather, the purpose is to explore the 
manner in which Bayesian techniques would CHUS! such authoritative consensus 
to emerge. In the application, the following setting is assumed: 

I l1;tlwciuc.tion on a r..e.ltab-LWa.tioYl p1!.ogJta.mme. nO!!. pVL601t6 COYlv.[c;te.d OO!!. 
.iuv.[ltg wfU1.e. wtdeA the. b'l6.tu.e.Ylce. 06 alcohol le.env.. to be. a pMn0.,.[ng 
COUl'lteNne.MWte. Accoltdbtgly, l e.veAa1.. luch p1!.ogJta.mmU Me. uta.bw he.d. 
The. e.:56e.ct 06 two p1!.ogJta.mmU -w luble.que.ntiy e.xa.mi.ne.d. Whe.n CUM.[cal 
me.thoM Me. appue.d to data. 6ltom both ltW:UU, the. hypothu-Ll tha:t "the. 
'te.ha.bUUa.tiolt p1!.ogJtamme. dou not a66e.c;t 1te.u.cUv-Llm" can /tOt be. Ite.-
.i e.c:te.d. Tltb., weak c1.cUm dou not advance. e.-i.theA knowle.dge. Olt COI1Ce.It6M. 
ThoM. who lWe.a.Jt by the. p1!.ogJtamme. cal1 jMUy a.:t:tJt.Lbute. th-W ItUuU to 
the. lmali Mmple. l.[Ze. .[11 both CMU and the. v-i.Jttua£. -i.mpoM.[b.tUty to 
de.te.ct lte.a.Ultic le.ve.R..l 06 pltOgJta.mme. e.n 0 e.ctive.nUl • ThM e. who do not 
be.Ue.ve. .in the. e.66e.ctive.nu,~ 06 the. p1!.oglta.mme. f..I.Li.il.. be. Ite.MlWte.d .in thU!t 
.6ce.puwm. 

To illlL.6tJtate. the. WO/tk.[l1gl and uu 06 the. Bayu.<.a.n method, ltuuU.6 06 the. 
.6a.me. ;two ltw:UU f..I.Li.il.. be. Me.d. Tt f..I.Li.il.. be. lhowl1 how .in.L.:U.ai op.in.<.OIt6 
about the. e.66e.ctiVe.I1Ul 06 luch pltogJtammu Me. molde.d a.nd mocU6.ie.d by 
modut e.xpeA-i.me.nta.l ltuuR..u and how the. pltoce.duJte. lUPPOItU the. bu.<.R..cUng 
o & a Jtat.<.onal COI1Ce.It6M. 

The application of the 8ayesian method within this setting entails two 
steps. In the first, the prevailing views about the effectiveness of an 
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Impaired Driver Rehabilitation Programme have to be converted into estimates 
of subjective probabilities. This is described in Section 5.1. In the second 
step, these subjective probabilities are successively revised on the basis 
of experimental evidence from two studies. This is the subject matter of 
Section 5.2. 

5.1 The Startinq Point 

To set the Bayesian machine in motion, one has to provide an initial 
guess about the probability of effectiveness for the countermeasure under 
investigation. 

In this study we have elected to do so by compiling the opinion of many 
individuals into a composite guess. 

The main vehicle of data collection was a letter mailed to some 500 
persons. The letter contained a one-~ge description of a typical rehabilita
tion programme consisting of four two-hour sessions and a question about the 
reconviction rate expected by the respondents. Detailed description is pro
vided elsewhere (Hauer [1981]). Some 200 usable answers were received. From 
these an empirical probability distribution function of e was constructed for 
each of five groups of professionals. Means and standard deviations are given 
in Table 3, 

TABLE 3 

Sample Sizes, Means and Standard Deviations 

Sample Sample Sample I 
Group Size (n) Mean (8) Standard Deviation (s) 

I. Transportation 
Engineers 69 0.75 0.22 

I I • DWI* Coordinators 19 0.59 0.25 

I II. 'Judges 55 0.70 0.27 

IV. Psychologists 7 0.93 0.13 

V. Sa fety Researchers 50 0.91 0.14 
--

* Driving Without Impairment programme in Saskatchewan. 

Two phenomena deserve mention. 

Firstly, one's occupation is, closely linked to one's op1n10n. It is 
apparent that DlH Coordinators and Judges 'believe the treatment to be much 
more effective (30-41% reduction in recidivism) than Psychologists and Re
searchers do (7-9% reduction). It is possible that this difference is due to 
the fact that groups 11 and III base their opinion on personal contact with 
drivers sent for treatment, whereas members of groups IV and V form their view 
on the basis of experimental findings published in the literature and a 
generalization of related, relevant facts. Alternatively, it is plausible to 
attribute the difference in opinion to the fact that for a person whose 
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professional life is tied to the administration of similar treatments, it 
would be difficult to live with and admit to scepticism about the merit of 
his work. In any case, it may be idle to aill! for sophistication in eliciting 
subjective opinions. The answer one gets depends very strongly on who has 
been asked. 

Secondly, there is a noticeable difference in the diversity of opinion 
within the groups. The optimists (OWl Coordinators and Judges) vary widely 
in the opinions they hold (s ~ 0.25). In contrast, the range of opinion with
in the sceptical groups (Psychologists and Safety Researchers) is much narrower 
(s ; 0,13). When members of a group are good probability assessors, their 
judgements will be close to each other and the standard deviation of the dis
tribution of their opinions small. Thus, a narrow distribution is a good 
omen. However, members of a group may be homogeneous in holding incorrect 
views. Accordingly, one can not make valid inferences about the quality of 
the empirical probability distribution function of a group of assessors on the 
basis of the standard deviation only. A Gamma distribution has been fitted to 
each of the five empirical probability distribution functions. The choice of 
this functional form is, of course, arbitrary. Its merits are that 6 is 
allowed to vary in its proper domain (O,~); it is parsimonious in parameters; 
and fits the data well. The distribution for the most optimistic and most 
pessimistic groups are shown in Figure 2. 

Having dwelt on the description of how subjective "expert" op1nlOn has 
been elicited, there is a danger that the reader may associate this approach 
with some variant of the Delphi technique. This is not a correct perception. 
We are attempting to devise a scheme by which objective evidence from experi
ments is systematically used to improve knowledge about the effect of safety 
countermeasures. Expert opinion serves as a sensible starting point. There
after, all successive revisions are the work of objective data. 

To adequately describe the product of the Bayesian machine, it may be 
best to imagine some anonymous decision maker who in the absence of useful ob
jective evidence forms an opinion about the effect of some countermeasure by 
asking for the informed opinion of experts. When empirical evidence becomes 
available, the decision maker must reconcile his views with the data. This is 
accomplished using the only coherent device - the Bayesian machine, The re
vised opinion is what a rational decision maker should adopt in view of his 
prior opinion and the available empirical evidence. Thus, the product is a re
vised probability distribution of countermeasure effectiveness. The probabi
lity is still a subjective one; it is akin to "odds" or "degree of belief". 
It is, however, a degree of belief entirely in tune with the available facts. 

5.2 The Bayesian Machine 

According to Bayes' theorem, 

! The probability that an unknown parameter has a specific value when 
! prior knowledqe as well as data from an experiment are both considered 

is proportional to 
r the probabil i ty of obtai ni ng the experimenta 1 resi:iTtWfi'el1ffie parameter 
: has this specific val ue 

------.---- mLJTfrpTled 5 -_. ,,----
~ the probabi 1 ity that The unknown paramelerna's'tne-specTfic vaTUeDaSeCl
Lon "prior.knowl~dge~' alclne. 
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This can be stated equivalently by 

;r(ej~,H) c:p (~Ie) ;r(ejH) 

TI denotes probability as "degree of belief", 
P denotes probabil ity in the "frequency" sense, 
e is the value of the unknown parameter, 
X the vector of data from the experiment, and 
H the state of knowledge about e prior to obtaining ~. 

The three terms in equation 2 have acquired standard names: 
Posterior Probability 0: Likelihood x Prior Probability. 

••• 2 

The coefficient of proportionality is determined so as to make the sum of 
the posterior probabilities for all possible values of the unknown parameter 
equal unity. 

At this point, the "prior probability" is the Gamma distribution fitted 
to the responses provided by one of the groups of professionals. The "likeli
hood" component of the product reflects the contribution of data from ex
periments. 

The first data to be used comes from the evaluation of the Alberta Im
paired Drivers' Programme (Zelhart, 1975). Some drivers convicted for driving 
while impaired were assigned to partake in the A.I.D.P. sessions, others were 
not. The assignment was approximately random. The subsequent reconviction 
record was noted and the results are summarized below. 

TABLE 4 

Summary of A.I.D.P. Data 

Total Number reconvicted 
withi n 3 years 

1. Drivers Not Treated 652 93 
2. Drivers Treated 611 79 

.. 

Thinking of the "number of reconvictions" as "failures" and the "total" 
as "number of experiments", the Bi nom; al probabi 1 ity 1 aw can be used to wri te 
the likelihood function. For the data in Table 4, the likelihood function is 
shown in Figure 2. 

Using the likelihood function alone, the best supported value of e is 
0.91 [=(79/611)/(93/652]. Also values of e outside the range (0.7, 1.2) are 
very unlikely. Thus, due to the structure of equation 2, bulk of the poste
rior PDF of e will also be in this range irrespective of the prior PDF of e. 
That this is the case is easy to see in Figure 3 which shows the posterior 
PDF of e which combines the likelihood function based on the A.I.D.P. data 
and the opinions of OWl Coordinators shown as the "prior" PDF. 
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Pos teri or PDF I S for e have been obtai ned for all fi ve groups of profes
sionals. Some summary statistics are given in Table 5 below. Comparison with 
the "prior" statistics in Table 3 is self-explanatory and ill uminating. 

TABLE 5 

Means and Standard Deviations of the Posterior PDF. 

Average Standard 

Group Effectiveness Deviation 
E{e} of e 

Engineers 0.B8 0.09 

OWl Coordinators 0.88 0.09 

Judges 0.89 o.Og 

Psychol ogi sts 0.91 0.08 

Safety Researchers 0.91 0.08 
'-

In the present case, the Bayesian reV1Slon process seems to have succeeded 
in accomplishing two missions. Firstly, efficient use has been made of modest 
data to describe the effectiveness of the A.I.D.P. and similar programs in 
reducing the rate of recidivism. The description is in a form directly usable 
for both qualitative and quantitative decision making. Secondly, the Bayesian 
revision process virtually eliminated differences of opinion which can legiti
mately be held in view of the experimental results. 

Dne can hardly fail to be impressed by the increase in "knowledge" from 
the diverse and diffuse views in Table 3 to the consistent and compact dis
tributions in Table 5. All this due to sensible use of the data in Table 4. 
To belabour a point made earlier, consider the contrasting statement made on 
the basis of the same data in an earlier study: " .•. While there were fewer 
recidivists among the Subjects attending A.I.D.P., the differences were not 
statistically reliable; x2 = 1.49, df = 2, 0.5 >p> 0.3." 

In spite of the diversity in "prior" oplnlOns, the five posterior distri
butions are all very similar to the likelihood function. It is natural there
fore to ask: why not use the likelihood function directly? Two important 
reasons should be considered. Firstly, it is the PoF of e which is needed for 
decision making. However, it is not legitimate to confer a probability inter
pretation upon the concept of "likelihood". Equation 2 is the only known 
device for obtaining a statement about probabilities from the likelihood func
tion. Secondly, when the experimental data is small, the likelihood function 
is "wide" and the effect of the prior distribution on the posterior will be 
considerable. The same will obtain if the prior distribution reflects marked 
unanimity. This is as should be when one thinks about the making of resource
allocation decisions. 

It is legitimate, however, to be concerned about the mixing of "opinions" 
with "objective" data. The decision maker may not wish to rely on opinions 
not applicable to his country or condition; the researcher may wish to keep 
objective fact and subjective opinion separate. This concern is easy to accom
modate. All that is needed is to keep the expre.ssions of likelihood and 
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initial prior probability separate. Thus, the issue is merely a matter of 
report \~riting style not of principle. 

We will carry the reV1Slon process one step fur:her. Vingilis et al 
(1931) reported the following results. 

TABLE 6 

Summary of Oshawa Data 

Total 

/

1. Dri vers Not Treated 58 
2. Dri vers Trea ted 62 

I 

Number Reconvicted 
with in 3;' years 

g 

12 

It should be noted that the Oshawa Impaired Drivers Programme differs 
from the Alberta Impaired Drivers Program in duration (nine instead of four 
sessions) type of subjects (second offenders after imprisonment rather than 
"persons convicted of impaired driving") and of course in all the intangible 
but real differences between East and West (Oshawa is in Ontario). 

The question whether data from Oshawa can be combined with data from 
Alberta is of central importance. It is one which transcends statistical 
reasoning. If one believes that by and large Ontarians respond to such treat
ment as Albertans do and that once subjected to a driver improvement course, 
it matters little whether it is four or eight sessions in duration, the two 
data sets should be combined and a common likelihood function written. 

Returning to the imagery in Section 5.1, consider a decision maker in 
Ontario contemplating an oshawa-type driver improvement programme. Before 
the institution of such a programme in Ontario and its evaluation, the "poste
rior " PDF in Figure 3 might be considered by the decision maker to be the best 
description of the effectiveness to expect. This is the basis on which to make 
decisions in spite of the aforementioned differences between the two Provinces. 
Once the Oshawa data is in, the PoF is revised again •. The "posterior" from 
Figure 3 becomes the "prior" in Figure 4. The solid curve in Figure 4 repre
sents best current knowledge based on data from Oshawa, Alberta and the ini
tial opinions of OWl Coordinators. The expected value of e is now 0.91 if one 
starts with the optimists (OWl Coordinators) and 0.93 starting from the 
opinions provided by what can now be called realists (researchers or psycholo
gists). 

6. Brief Summary 

A message which runs counter to much of present practice is bound to raise 
discussion. To keep discussion on the central issues, it may be useful to re
state the main points made. 

Experimental data about the effect of many safety countermeasures comes 
often in small doses. Accordingly, the process of learning about the safety 
effect of countermeasures must allow for gradual accumulation of evidence. The 
classical hypothesis testing frame of thought is ill-suited for this task, In 
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contrast, point estimation, the method of likelihood and the Bayesian probabi
lity revision machine are promising candidates. The decision making frame of 
reference is well served by the Bayesian machine. To keep data and opinion 
separate, it is useful to adhere to a reporting practice explicitly identifying 
the likelihood function and the original "prior". 

REFERENCES 

W.D. Berg, C. Fuchs and J. Coleman (1980), Evaluating the Safety Benefits of 
Railroad Advance-Warning Signs. Transportation Research Record 773, 
National Academy of Sciences, Washington, D.C. 

I.D.J. Bross (1971), Critical Levels, Statistical Language and Scientific 
Inference. In: Foundations of Statistical Inference, Godambe and Sprott 
(eds.) Holt, Rinehart and Winston of Canada. 

D.R. Cox and P.A.W. Lewis (1966), The Statistical Analysis of a Series of Events. 
London, Methuen & Company Limited. 

A.W.F. Edwards (1972). Likelihood. Cambridge University Press. 

R.A. Fisher (1925), Statistical Methods for Research Workers. Edinburgh: 
Oliver and Boyd. 

I. Hacking (1965). Logic of Statistical Inference, Cambridge University Press. 

-22-

E. Hauer (1981), An Application of the Bayesian Approach to the Estimation 
of Safety Countermeasure Effectiveness. Report for Transport Canada. 

H. Jeffreys (1961). Theory of Probability, 3rd ed. Oxford Clarendon Press 
(p. 377) • 

P.E. Meehl (1978). Theoretical Risks and Tabular Asterisks: Sir Karl, Sir 
Ronald and the Slow Progress of Soft Psychology. Journal of Consulting 
and Clinical Psychology, Vol. 46, No. 4, 806-834. 

J.L. Nichols, V.S. Ellingstad, D.L. Struckman-Johnson, R.E. Reis, Jr. (1980). 
"The Effectiveness of Education and Treatment Programs for Drinking 
Drivers: A Decade of Evaluation". 8th International Conference on 
Alcohol, Drugs and Traffic Safety, Stockholm. 

E. Vingilis, E., Adlaf and L. Chung (1981). "The Oshawa Impaired Driver's 
Programme: An Evaluation of a Rehabilitation Programme for Impaired 
Drivers, Canadian Journal of Criminology, January 1981. 

P.F. Zelhart, Jr. and B.C. Schurr (1975). 
Program: Final Report on Evaluation. 

"The Alberta Impaired Driver's 
Transport Canada, Road Safety. 



~ 

BAYESIAN METHODS APPLIED TO ROAD ACCIDENT 
BLACKSPOT STUDIES : SOME RECENT PROGRESS 

by D F Jarrett, C Abbess and C C Wright 
Middlesex Polytechnic, Queensway, 
Enfield, Middlesex. 

1. Introduction 

Statistical methods for evaluating the effectiveness of treatment applied 
to a group of road accident blackspots are important for two reasons. 
First, they enable the engineer to see how successful the treatment has 
been, and to guide him towards the most effective deployment of alterna
tive treatments at different types of site. Second, they enable the 
researcher to test and compare new forms of treatment objectively. How
ever, the statistical methods commonly used in this field are not very 
well suited to the job. Their output tends to be expressed in the form 

"the effect of this treatment is significant at the c(~,; level" 

In other words, the treatment has probably brought about a reduction in 
the frequency of accidents at the treated sites. Conventional tests do 
not say a great deal about how large the reduction might have been, and 
whether it might be worth risking capital by investing in a particular 
form of treatment applied on a wide scale. Decision-making in a situ
ation where the outcome is uncertain is a process which calls for a 
different type of analysis. (Hauer, 1981). Furthermore, because sites 
selected for treatment tend to be sites which have much higher observed 
accident rates than the main body of sites on the road net'l'Ork, there is 
a built-in bias or "regression-to-mean" effect which on average will 
result in a fall in accidents after treatment whether or not the treat
ment itself is successful (Gipps, 1980; Hauer 1980). Conventional 
methods of analysis do not take this into account. 

Bayesian methods appear to offer a very useful alternative. The (unknown) 
annual accident rate at a blackspot is regarded as the value of a random 
variable ha~~ng a probability distribution. Given the observed accident 
frequency over a recent period, Bayes' theorem is used to convert this 
'prior' distribution into a 'posterior' distribution. Gipps (1980) and 
Abbess, Jarrett and Wright (1981) have shown that if the prior distribu
tion is of gamma form, and if the number of accidents at the site has a 
Poisson distribution, then the posterior distribution is again a gamma 
distribution. The parameters of this posterior distribution can be 
derived very simply from the prior parameters and the observed data. 
Moreover, the mean of the posterior distribution is a prediction of the 
accident frequency in a future year, assuming that the true accident rate 
remains constant. (Note that this prediction takes account of the 
regression-to-mean effect.) This result provides a promising basis for 
a number of applications in accident analysis, assuming that the prior 
distribu:ion is in fact gamma, or approximately so. 

Abbess et al proposed that the observed distribution of accident rates 
at similar sites to the one under consideration would provide useful 
information on which to base the prior distribution, and some preliminary 
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tests "'i th data from a rural county (Hertfordshire) revealed that the 
gamma distribution provided a reasonable fit. (Note that if the true 
accident rates follow a gamma distribution, the observed frequencies, 
which individuallv follow Poisson distributions about the various true 
means, will colle~tively appeal' to follow a negative binomial distribu
tion. In actuality, it was a negative binomial distribution which was 
fitted to the observed frequencies, and the parameters of the gamma dis
tribution of true rates were deduced from it.) However, the data showed 
a higher proportion of sites with low accident frequencies than would 
have been expected, and the parameters fluctuated somewhat from year to 
year. 

In this papPl', the results of some further tests are given. The data 
relate to 'accident nodes' in the City of Westminster, London, w"hich are 
defined some"ltat arbitrarily as junctions with appreciable numbers of 
accidents. In addition, the regression-to-mean effect is re-examined 
and given n slightly different interpretation from those put forward 
_previously, and some developments aimed at constructing more realistic 
'models' of accident variation, which take into account fluctuations in 
overall accident rates from year to year, are outlined. 

Bayesian estimation of the regression effect 

We suppose that in a time period of given duration the number of accidents 
at a given site has a Poisson distribution with mean m, so that the pro
bability that x accidents will occur at this site in the ppriod is 

p (x\m) 
-m x 

e m 
-x-!- (x = 0, 1, 2, ••• ) .•... (1) 

In addition, we suppose that the value of the true accident rate m varies 
amongst the population of sites according to a gamma distribution with 
parameters c and k, 'vi th probability density function 

k k_l -cm 
c m e 

rw f (m) (m> 0) ..... (2) 

This distribution (1) has mean k/c and variance k/c
2

• The value of m at 
a particular site is regarded as being randomly selected from this dis
tribution; f(m) is the prior distribution of the true accident rate m. 

Now suppose that, at a particular site, x accidents occur in the period. 
It follows from Bayes' theorem (see the references given in Abbess et al.) 
that the posterior distribution of m, i.e. the probability distribution 
of m given that x accidents have occurred, is again a gamma distribution 
but with parameters 

c' c + 1 and 

Notation 
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c 

k' k + x 

Abbess et al 

So 

n o 

Gipps 

Cl 

lit> 



~ 

- 3 

Its probability density function is therefore 

f (mix) = 
(c + 1lk + x 

r (k + x) 
k + x - t -Cc + t)m 

m e (m"> 0) 

This posterior distribution reflects our uncertainty about the value of 
m after taking into account the fact that x accidents have occurred at 
the site. It can be regarded as describing the variation in m amongst 
those sites in the population at "hicl1 x accidents occurred. The con
version of the prior into the posterior distribution is illustrated in 
Fig. 1 of Abbess et al. 

The mean of this distribution is 

E (mix) ~ 
c t 
~ 
c + 1 

This is our estimate of the true accident rate m at a site at which x 
accidents occurred. Regarded as a function of x, E (mix) is the 
regression function: it is the optimal predictor (in the least-squares 
sense) of the number of accidents which will occur at the site in a 
future time period - assuming, of course, that the value of m remains 
unchanged. The magnitude of the regression effect is the difference 
between E(mlx) and x. Notice that E (mix) is a linear function 1)f x, 
with slope l/(c + 1). The parame~er c is necessarily positive, so this 
slope is always less than unity. The regression line intersects the q5° 
line where x = k/c (the mean of the prior distribution, i.e. the popula
tion mean of m). For values of x greater than k/c the regression effect 
is negative, indicating an expected reduction in the number of accidents. 
If x is less than k/c we expect an increase in the number of accidents. 
(See Fig. 1. ) 

The expected percentage change in the number of accidents is 

l' 
E (mix) 

k/ c t - - ., "-, ';;';' 
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/ 

/ 
negative 
regrpssion 
effpct ./ 
~ 

}'ig.1. 

~ 

number of accidents x 

- q -

r E(ml xl - x J x 100;(, 
R L x 

[~ .1 - 1] x lO~o 
c + 1 x 

The graph of R against x is a rectangular hyperbola and is illustrated 
in Fig. q of Abbess et al., which also shm,s the corresponding graphs 
where x is the average number of accidents over two and three time 
periods respf'cti vely. 

Actual calculation of the regression effect re'luires knowlf'dge of the 
values of c and k. As indicated in Abbess et aI, although it is 
possible to adopt a sub.jective Bayesian approach, regarding the prior 
distribution as representing the investigator's prior beliefs about the 
value of ru, and choosing the values of c and k so that f(m) accurately 
reflects these beliefs, it is more appropriate here to use an empirical 
Bayes method, and estimate the "alues of c and k from available accident 
data. Under the assumption that x has a Poisson distribution ,vi th mean 
m, while m itself has the prior gamma distribution f(m), the variability 
of x over all si 1;1'8 in the population is described by the probability 
distribution obtained by lintpgrating out' m: 

q(x) f p (Xl m) f (m) dm 
c 

Under the assump~ions made, it is easily shown that 

'l(x) r (k + x) ( 1 )X ( )k 
xl r (k) T"'"+"7 1 : c (x = 0, 1, 2, ••• ) ..... (3) 

a negative binomial distribution. (See Gipps, Abbess et aI.) c and k CiUl 

then be estimated by fitting this distribution to the observed accident 
distribution for a group of siies. If the numbers of accidents at 
different sites are independent random variables, and if the group of 
sites can be regarded as a random sample from the population of sites 
described by the prior distribution f(m), then the values of c and k can 
be estimated by the method of maximum likelihood. 

Results using accident data for the County of Hertfordshire were given 
in Abbess et aI, "here it was i0U11d that the negative binomial distribu
tion proYided a reasonable fit for each of the years 1975 to 1978 and a 
slightly worse fit for 1979; however, different values of the parameters 
were needed for each year, possibly indicating that the true accident 
rates were not constant in time. Table 1 of this paper shows the result 
of fitting -;:;-;;:egative binomial distribution to accident data for the City 
of\'estminster in 1976. As suggested by Abbess et aI, 11 truncated distri
lmtion has been fit tell: effectively, tht' zero class has been ignored, in 
order to overcome the problem of the large number of sites at whieh no 
acci.dents occurred. The fit of the truncated negative binomial distribu
(ion to the data is illustrated in Fig. 2. 
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Replacing c and k by their estimates gives the estimated regression 
function 

A 
m 

A 

~ 
~ + 1 

A 
k 

-.-- + 
c + 1 

_1_ x 
t + 1 

For the Westminster 'data this gives 

~ = 1.0696 + 0.7723 x 

This is plotted in Fig. 3. 

3. A predictive test of the model 

The regression function E (mix) gives the expected number of accidents 
at a site at which x accidents have occurred. If data for two time 
periods are available, \{e can test the predictive ability of our model 
by comparing E (mIx) ,rith the actual mean- number of accidents in the 
second period for those sites at which x accidents occurred in the first 
period. We have in fact done this using data for Westminstcr for the 
years 1976 and 1977. For instance, at the ~7 sites which had one 
accident each in I97u, there was a total of 102 accidents in tI)77, giving 
an average of 
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Table l. Fitting u truncated nl!ga ti VI' binomial distribution to Wes tminster 
accitil'nt data, 1976. 

Number of Number(o; Fitted 
accidents nodes 1 frequency(2) 

1 ~7 ~1Jo.t,,5 

2 35 1Jo0.91Jo 

3 IJol 35.66 

IJo 25 30.21 

5 26 25.12 

6 20 20.65 

7 20 16.80 

8 11 13.60 

9 13 10.96 

10 13 8.80 

11 9 7.03 

12 3 5.59 

13 IJo 1Jo.1Jo1Jo 

llJo 1 3.51Jo 

15 3 2.81 

16 2.22 

17 5 1.71Jo 

18 1.38 

19 0 1.10 

20 0 0.8~ 

21 0 0.67 

22 1 0.53 

23 0 0.~2 

2~ 0 O.~ 

25 0 0.25 

') 25 2(28,35) 0.90 

Total 281 280.99 

~: (1) There werc in addition 189 nodes at which no accidents 
()CCUITf'rl. 

(2) Fi tt,pd tl'lUlcated negative binomial distribution with 
pa nune tp rs A A 

c = 0.291Jo9, k = 1.38~9. 
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Table 2. Comparison of predicted and actual mean number of accidents, 
Westminster, 1977. 

1976 1977 

Number of Number Mean number of accidents Standard error 

accidents of sites Predicted(1) Actual(2) of mean(3) 

f 
1\ - SE(Yx) x m yx 

1 47 1.8li :2.17 0.26 

2 35 2.u1 2.60 0.36 

3 H 3.39 3.29 0.38 

4 25 4.16 4.12 0.54 

5 26 4.93 4.73 0.58 

6 20 5.70 5.00 0.71 

7 20 6.48 7.20 0.76 

8 11 7.25 4.45 1.08 

9 13 8.02 9.69 1.05 

10 13 8.79 9.92 1.09 

11 9 9.56 13.33 1.37 

12 3 10.34 11.00 2.47 

13 4 11.11 12.25 2.22 

14 1 11.88 11.00 4.59 

15 3 12.65 17.33 2.73 

16 1 13.43 17.00 4.88 

17 5 14.20 1b.00 2.24 

18 1 14.97 12.00 5.15 

22 1 18.06 41.00 5.66 

28 22.69 22.00 6.34 

35 28.10 27.00 7.06 

~: (1) 
A 

A k + x 1.0696 m r:;:! = + 0.7723 x 

(2) 
y = mean number of accidents 1977 nt nodes "i th 

x x accidents in 1976 

(3) SI':G) = J var ~YI x) ",here var (Ylx) = (~ + 2) (t: + x) 
A C) 

(c + It 

M~( ... ' 
" ........... 1;:.-.;£..- cl;" 
f3.<c~d,,'"\t~ 

",\" 

30 

).0 

'0 

o 
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41 

t 

Fig. 3. Regre}~si ~n function ('5 tirr,;i tcd 
from 1976 ~':est,"jn"ter data 
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450 line 
Actual mean number of 
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~ 

, , , 
, , 

1 

lo 

/ , 

M 

102/47 = 2.17 NUl""\t'oc.r c", .v"- ~r\ ... ,\ts 191-£, 

accidents per site. Similar calculations were made for sites with 2, 3, 
4, •••• accidents in 197u, giving the results shown in Table 2 and 
plotted in Fig. 3. (Note that those sites at which no accidents occurred 
in 197Q have again been excluded; however it is important to include in 
the average those sites at which no accidents occurred in 1977). It 
will be seen that the first few points are extremely close to the pre
dicted values, but that some of the points for larger values of x appear 
to be a long way off the predicted line. 

We must be careful in interpreting these results, however, for two 
reasons. Firstly, the averages are based on samples of widely differing 
sizes (e.g. the mean for sites with 1 accident in 1976 is based on 117 
observations, whereas the means for sites with 22, 28 and 35 aceidents 
are based on one observation each). Secondly, as we sho" below, the 
natural variability of the number of accidents about the predicted mean 
increases with x. We need to find the standard errors of the sample 
averages before evaluating our predictions. 

'rhese standard errors can be found as follo"s. The ui:;tribution of the 
number y of accidents in the second period, given that x accidents 
occurred at that site in the first period, is obtained by 'integrating 
uut' m as before - but no" using the posterior distribution of m. Thus 
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p (Ylx) IW 

p (Ylm) f (mix) dm 
o 

Assuming that :y has a Poisson distribution with mean m, and using the 
fact that f (ml x) is a grumna distribution with parameters e = c + 1 
and k' = k + x, we find that the predictive distribution p (Ylx) is the 
negative binomial distribution . 

p (Ylx) 
r (k' + y) 
y! r (k') ( 1 )Y ( ')k' - ..-.£..-.. (y 

1 + C' 1 + c' 

(C.f. Equation (~) of Abbess et a1.) This has mean 

E (Ylx) 
k' ~ E (m/x) = -, 
c c + 1 

and variance 

var (Ylx) 
k' (Cl + 1} (k + xl (c + 2) 

,0 (c + 1)2 c -

0,1,2, •• ) ••• (~) 

No" suppose that there are f sites at which x accidents occurred in 1976. 
Then ~e have f observations on Y in 1977, so the standard error of the 
mean Y is 

r~ar {YW 

This is calculated in column 5 of Table 2. 

Examination of the predicted and actual means shows that very few differ 
by more than would be expected on the basis of these standard errors. 
In fact, for only three values of x (8, 11 and 22) does the difference 
exceed two standard errors. Three out of a total of 21 values. is perhaps 
more than we would like, but the following points should be borne in mind 
before rejecting the model on whose basis the predictions were made: 

(1) The standard errors given here actually underestimate the 
true standard errors, since sampling error in the estimates 
of c and k has not been taken into account. 

(2) The distribution of the sample means y will not be exactly 
Gaussian (normal), especially for small sample sizes f. 

A more exact test of the adequacy of the predictions E (mix) could 
perhaps be made using the negative binomial form of the predictive dis
tributions. (See the remarks in section ~ of Abbess et al.) However, 
rather than considering this possibility here we will go on to consider 
the use of the bivarlam frequency distribution of x and Y as a means of 
testing the model. 

A bivariate regression model 

The term 'regression' is normally used in the context of a two-variable 
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model, and Lhe reader may be wondering ,,.hether our use of the term 
.'regression function' for E (mix) is justified. In fact we will see 
that E (mix) is the same as the regression function obtained from the 
bi variatt' probability distribution of x and y. 

To derive this distribution, suppose that the numbers of accidents x, Y 
in s'.tccessive time periods are independent Poisson variables with mean m. 
Then the joint probability distribution of x and Y is p (xlm) p (ytm), 
where p (Xl m) is given by Equation (1). To obtain the joint distnbution 
of x and Y over the whole popUlation of sites, m is integrated out 
according lo the prior f (m) to give 

p (x, y) r p (Xl m) p (YI m) f (m) dm • 
o 

When p has the assumed Poisson form, and f (m) is the gamma distribution 
(2), this can be shown to equal 

p (x, y) r (k + x + YJ 
x .! y ! r (k (2 ~ cr (2 ~ cr (2 : ct ••• (5) 

(x, Y = 0,l,2, ••• ), 

This is (a special case of) a bivariate ne ative binomial distribution 
(see Rogers (197~), Jolmson & Kotz 1969 • The marginal distributions 
of both x and Y are ordinary negative binomial distributions (given by 
(3», and the conditional distribution of Y given x is 

p (ylx) ~ 
(r(k + x + Y~ ( 1 )x ( 1 )Y ( c )kJ Lx ! Y ! r (k '2"+"7 \ '2"+"7 '2"+"7 

r dk + x 1 c 
[ I l )X { )kJ 

x! r Ck (1+'7 T+"C 

r (k + x + Y~ (_l_)Y (.!...:!::....£.)k + x 
Y .1 r (k + x 2 + c 2 + c 

Recalling that c' = c + 1, k' = k + x, this is seen to be etWal to the 
predictive distribution (~). (Indeed, it follows from Bayes t theorem 
that this re suI t holds whatever forms are assumed for the distributions 
P (xlm) and f Cm).) Conversely, if x has the negative binomial distri
bution (3) and if the conditional distl'1bution of y given x is given by 
(~), then the joint distribution of x and y is the bivariate negative 
binomial (5). 

The regression function of y on x is the conditional expectation E (Ylx) 
regarded as a function of x. But E (ylx) is the mean of the conditional 
(or predictive) distribution p (y/x) and we havl' already seen that this 
is equal to E (ml x). (l\gain this re suI t holds for ~ distributions -
p (xl m) and f (m).) Thus our t\V'o uses of lhp tel'Dl -'regression function' 
are equivalent. 

.. 
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The method we have used to estimate c and k provides an estimate of this 
regression function from ~period's data only. Substitution of the 
estimates in Equation (5) gives estimates of bivariate negative binomial 
probabilities, again on the basis of ~period's data. Comparison of 
this fitted bivariate distribution with actual frequencies would provide 
an overall test of the predictive ability of the model for a group of 
sites. 

Alternatively, if two periods' data are available, we could fit the dis
tribution using the bivariate frequency distribution. If the assumptions 
of the model are correct, this should give improved estimates of c and k 
and hence of the regression effect. It can be shown that the maximum 
likelihood estimates of c and k can be obtained from consideration of ~he 
distribution of the total number of accidents x + y at each site; this 
will again be a negative binomial distribution, with the parameter c 
replaced by c/2 (see Mari tz (19'iU». Preliminary results indicate that for the 
Westminster data the distribution of x + y may not be well-fitted by the 
negative binomial, so this simple model would appear to be inadequate. 
However, further work needs to be done before any definite conclusion 
can be reached. 

A more complex model would allow the true accident rates m to vary with 
time. The simplest assumption would be that the ratio of the accident 
rates in the second period to those in the first period was a constant b, 
the same for all sites. The distribution of x and y ",ill then be a more 
general bivariate negative binomial distribution. Two periods' data can 
be used to estimate the parameters of this distribution (which include b) 
and to test the hypothesis that b equals 1 (i.e. that the true accident 
rates are unchanged), or that b takes some other specified value; such 
a test would be particularly appropriate if applied to a group of treated 
sites, especially if a comparative group of control sites was available. 
However, it can be shown that such a test reduces to a standard test for 
the comparison of Poisson means (see Tanner (1958) or Cox and Lewis (1966) 
fO,r this test): the introduction of the prior f (m) makes no difference 
to the analysis. However, the model should provide additional insight, 
and we hope to ~ive more details of this model, and of its multival'iate 
generalisation tfor three or more time periods), at a later stage. 

Conclusions 

Four main conclusions can be drawn from this paper: 

(i) 

(H) 

Since our application of the Bayesian model generally to accident 
analysis depends for its simplicity on the assumption of a gamma 
prior, it is clearly important that the gamma prior should in 
faet be appropriate. Results obtained with the Westminster data 
confirm earlier results obtained with Hertfordshire data, insofar 
that the gamma distribution turns out to be a reasonable fit. 

The regression-to-mean effect with the Westminster data is smaller 
than the corresponding effect with the Hertfordshire data, al
though it is far from negligible. It seems possible that for 
dense urban areas where the variance of the accident rates from 
site to site tends to be smaller, the regression-to-mean effect 
will generally be less pronounced than it is for rural areas. 

- I:?-

(Hi) The ,Iregression-to-mean' effect can be interpreted as a result 
of trying to predict accident rates in a future year by fi ttiug. 
a lineal' regression line to data from the past year: the 'best' 
prediction does not in general lie on the 1j,5° line, ie., it is 
not usually equal to the observed value in the past, for any 
individual site. This effect arises from the variability in the 
data itself, and its existence can be demonstrated by plotting 
observed accident rates for two consecutive years for a sample 
of sites (Fig. 3). 

(iv) Although further tests still need to be carried out, in cases 
,~here it is desired to estimate the regression-to-mean effect 
for sites in any particular area, the formula given by Abbess, 
Jarrett and Wright (1981) will probably give a good enough 
estimate if the parameters c and k of the prior distribution 
are obtained by fitting a negative binomial distribution to the 
observed accident frequencies for comparable sites using the 
method of moments (see eq. 8, 10 and 11 in that paper). 
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I. Accident hlack-spot techniqu€'s 

Accident hlack spots l1re usual I y rl€'fined "5 rond locAtions '."ith 

(relatively) hi~h accid€'nt potentials. 

In ord€'r to detect such" hazardous location, '"e hnve to know th" 

probability of an accident for a traffic situation of some kind (e.p,. th" 

crossing of 11 pedestrinn or the encount~r hetwpen two cars', or thp me1n 

number of accidents for some unit of time. 

The comparison of the prohahility or the menn with some norm (ahsolute 

hlack spots) or with the probahility or mean of other locations (relntivp 

black spots) may result in the detection of a hlack spot. 

Th€'re are a lot of problems related to this definition. In order to 

d€'fine our sample space, we hav€' to know what is and what is not an 

accident. Furthermore there are weighting prohlems if one Is interest .. d 

in loss resulting from "ccidents instea l ! of accidents themselves (e.p,. 

weighting with respect to severity). Although these prohlems ore in 

general underestimated, we will not go into detail on this suhject ;1n,l 

concentrate on the general structure of hlack spot analysis. 

In almost all known procedures, road locations ar€' treatp" ;15 isolaterl 

spots. 

One tries to detect the hlack.spots by estim;1ting the expecte~ numher of 

future accidents at a specific location from the number of accidents that 

already have occurred at that location. For many locations, esppci;111y in 

built-up areas, the number of observed accidents is too small to I~ive :}n 

accurate estimation of th" accirlent potential. This le,wes us with a very 

inaccurate ordering of locations with regard to Rccident risk. We know 

that th€' hlack spots on the average are placerl higher on the list, but we 

cannot distinguish them suffiCiently from the grey, or even white spots. 

If one still uses this det€'ction method, then the next problem is to find 

the causes of the supposed danger. Little information is given in the 

2 

5,,",,11 aceident nU'11ht'rs and one is almost completelY dependent on an 

ad-hoc analvsls of the location, h~s€'C! on rath€'r general theories only. 

This approach, in which locations are investigated as isolated spots, 

does not seem promising to tlS, E'specially not if the accident numbers are 

5", .. 11. 

An alternative procE'rlure starts from the comparison between the road 

locations. The central question is: "what do Accident hlack spots have in 

common ;1nd in which respects do they differ fro'11 safe locations?" 

If wt' cannot relate accident figures to characteristics of the locations 

th~n treatment of black spots from general theories does not seem 

pOSSible at all. Therefore we think th~t the analysis of black spots 

should st~rt with the inv€'stigation of the relations between the 

characteristics of road locations and ~ccidents for a group of locations 

that can he compared with each other. 

~ultiple linear regression analysis and canonical correl;1tion analysis 

are often used to detect such relations. 

In this case, however, there are a numh€'r of problems to be solved before 

these techniques can he ;1pplied. Several characteristics (such as the 

kind of road surface etc.) do not seem metric and some of the metric 

characteristics do not need to h€' linearly r .. lated to the probahility 

an accident. It seems not unreasonable to expect e.~. a curvili""";,r 

relation hetween th€' prohahility of an ;1ccident and the width of a road. 

Furthermore, reflection on the combined effect of characteristics 

suggests to use multiplicative model", instead of models that are additive 

in the independent variables the prohahility of an accident at a 

location with characteristic A nnd H will he equal to the product of the 

probabilities for A and for B if both are independent. Experimental 

evidence supports these multlplicativ€' models (see: Rasch, 1973; Dppe, 

197'l ). 

However, new techniques are developed that account for all these 

problems. The solution of the problem is related to the canonical 

analysis of contingency tables approach as descrihed e.g. by Kendall F, 

Stuart, 1909 Vol IT, pp 5011 vv. 

Recentl y Goodman (I'lBI) compares this model with the log-linear models. 

The difference h€'tween both methods is that in the canonical analysis 

approach, one is interested in the scaling of variables in order to 

maximizE' the corrt'lation or dependency, where as in log-lineair analy",ls 
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one re scales the variables under the assumption of independency. Inter

action, or association as Goodman calls it, CAn be investiAted within the 

loglinear model if one adds further restrictions on the residuals with 

regard to the row and column oosirion of these residuAls. Under Rpecial 

restrictions of this kind, both models result in identicAl solutions. 

The fundamental idea behInd the canonical-analysis ApproAch is, that the 

computation of the correlation coiHficient between the "non-linear" row 

and column variable makes sense after the proper rescaling of these 

variables. The analysis results in thAt scaling of both variables that 

maximizes this correlation coefficient. 

If we generalize this procedure to multiway tahles, then we arrive At 

some kind of non-linear principal-component" analysis: variables are 

res ca led in such a way that they are as "homogeneous" as possible (which 

means that there mean intercorrelation is MaximAl). 

A second generalization is found if we add new rows from different row 

variables to the table and eventually new columns from other new column 

variables. We then have some kind of super canonical-analysis problem, 

that reduces, after rescaling, to multiple linear regression (if there is 

only one column variable) or to the classical canonical correlation 

analysis (if there are more than one column variahles). 

These analysis techniques and the related computer programmes (Homals for 

the generalized homogeneity analysis and Canals for the generalized 

Canonical analysis) are developed at the Department of Oata theory of the 

Leyden State University. A full description is given in Gifi (19Hj). 

We will describe how I~e used these techniques for the descri ption of the 

relations between accident figures and the characteristics of road 

locations. 

2. Blackspot data 

SWOV started an extensive research project in one of the Dutch 

provencies, called Noord-Brabant. This research was financed hv th" 

!'1inistry of Transport and the Noord-Rrabant Provincial Council. One of 

the investigations within the project was concerned with a description of 

the relations between many accident-, road- and traffic chnrncteristics 

of almost all public roads outside built-up areas in that province. Onta 

collection is done hy the Provincial Publ ic Works Department alld th., 
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regional department of "Rijkswaterstaat". The engineering office n.ll.v. 

took care of all data handling necessary before starting the analyses of 

this datn. 
The roads were classifier! in single-lane and dual-lane roads and each 

class consisted of three sub-categories. Each road was divided in parts 

of !Of) meters. Tntersections were deleted in the first analysis. New 

studies, concerning the intersections and larller units (routes) take 

place at the moment. A full report of this stur!y is found in SWOV (1981). 

\~e use only some of the resul ts, in order to r!emonstrate the usefulness 

of the relational techniques for black-spot analysis. 

In Table lone will find the marginals, with regard to the total number 

of in,iury accidents for each group of road locations. Black-spot 

detection and analysis based on the accident figures of these locations 

ns such do not seem practical at all. 

We see that motorways have on the average the lowest number of accidents. 

The highest mean number of accidents (M) is found with dual-lane roads 

closed for slow traffic. If we correct for traffic flow then the single

lane roads will most likely turn out to be more dangerous. 

As to the variance ~V) we see that this measure exceeds the mean, except 

for the dual-lane roads closed for slow traffic. The z-values, standard 

normal values derived from the Poisson index of disperSion which is 

defined as 

X2 
T 
~ (X~ - '1'2,'1) 

are Significant, except for the one road category mentioned. This 

suggests that all other sets of roads are heterogeneous and an 

investigation with regard to differences in accident potential does make 

sense. 

In a mixed PoisRon distribution, an estimate of the variance in Poisson 

parameters is given by the difference between the variance and the mean 

of X (see last col\~n in Table I). 

If we delete the locations without accidents and fit a truncated Poisson 

distribution to this data, then we find that not only the number of 

locations without accidents, but also the number of locations with I, 4 

and 5 accidents are system<lticly underestimated, while the numbers for 2 
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and 3 accidents are overestim~ten. Therefore it is the 

difference between locations with and without ~ccidents th~t ~ccounts for 

the variAnce in the Poisson parameters. ERtin~teR with corresponding 

?(2-values and df (ignoring the zero cl~ss) are given in T~ble 2. 

The estimates for the negative hlnomial riistrihutlon anr! the 

corresponding X 2-values Are Also given In Table 2. Here the zeroclass 

has been inclur!ed. These VA I ues show ,q reasonAble fi t. The 'X 2-value is 

significant only for the category of roads ~ith mixer! traffic. This 

suggests that the distribution of X is indeer! a mixed Poisson distri

bution of a type as found hy Greenwood F. Yule (1920). The distribution of 

Poisson parameters for the category of roads \~ith mixed traffic is 

perhaps more complicated then that of the other road types. 

3. Application of relational techniques for the analysis of roar! 

sections with mixed traffic 

The major aim of the Analyses thAt we hAve .lone first was to find 

relations between 26 rOAd and traffic characteristics of the )H13 single

lane rOAds with mixed traffic and their ohserver! number of ;;ccidE'nts • 

A list of these characteristics is foun.l in thE' legendA of Figure 2. As 

can be seen from table I, most of the locntions do not have injury 

Accidents within the 5-yenr period. We have accomplisher! a second 

analysis using only the nR5 accident locations. ~oth r.anals ;;nalyses are 

in fact "non-linear" multiple-regression analyses, because there was only 

one r!ependent variable: the total number of injury accidf'nts. Fro'l1 Figure 

I we can see that both in the first and In the second analysis the 

scaling of the dependent variable is logarithmic. This is in agreement 

with the assumption of a multiplicative (log-linear) model: the model is 

linear in the independent variahles with regArd to the log-value of the 

accident numbers. Also the conclusion, drawn from the fit of the 

truncated Poisson distribution, that the difference in Poisson pArameters 

is more complicated than between locations with and without accidents, ls 

confirmed with this scaling. If there had been a clear distinction, then 

we should have found a dichotomous scale. The scale found here suggests a 

more continuous distribution of accident probabilities. 

Here we will not discuss the solutions with respect to the indep(·nnent 

variables. The main difference in hoth solutions was due to tIll' influence 
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Fi.g 1. scale val"e vt,rsus nllmhpr of arcirlpnLs ( on a log-scale ) ~ 

for the total set of locations wi th lIIixpd traffic (1:G 1) ancl 

for the spt of accident locatioJlR wi th mixpo traffiC' (1:(; 1,\). 

of traffic volume on accident numbers. Traffic volume is an important 

variable in the analysis of all locations but not in the analysis of 

accident locations only. 

Succeeding analyses were concerned with more than one oependent variable. 

In these analyses various types of accidents were investigated to~ether 

with the total number of accidents. The total number of accioents was 

included in each analysis in order to find an explanation for the 

specific accident types in addition to the explanation of the total 

number of accidents. For these analyses we used only the 6HS locations 

with accidents. Some analyses had more than two dependent variahles. \~e 

will describe one of these non-linear canonical analyses here in order to 

explain the black spot method. We choose the analysis with the total 

number of accidents and the number of fatal accidents as dependent 

variables. This analysis has bepn done in order to investigate to what 

- R -

extend the explanation of the most severe accidents differs from that of 

less severe accidents • 

The first canonical axis corresponds almost completely to the total 

number of accidents. The canonical eorrelation after rescaling is 

rei = .41 • 

The second canonical axis corresponds primarily to the number of fatal 

accidents. The eanonical correlation for this axis is rc2 = .27. In order 

to visualize relations hetween variables, we may represent variables 

graphicly hy vectors in a space spanned by the locations (a space with 

bH, dimensions). The correlation between two variables is then rep

resented by the cosine of the anele between the correspondinR vectors. A 

correlation of means a cosine of 1 and ~n angle of 0 degrees. A 

correlation of 0 meanR an ~ngle of 90 degrees. 

In figure 2 the projection of the independent variables on the plane 

through the dependent vnriables (in the space spanned by the locations) 

is given for the s~aled variablps. 

Figure 1 ShOWR us the scnlin~ of the oependent vllriableg and the most 

important indepenoent variables for the explanation i.e. the variables 

with the larp,est projections. If we look ilt the canonical correlations, 

then at first glance these villues seem to be low. Especially for a 

situation where 20 indepenoent vari.;lbles nre used which are rescaled such 

that the canonical correlation is maximal. He did a bootstrap analysis to 

invest ig,1te the stability of the solution. This boots trap analysis was 

none by taking samples (with replacement) from the 685 locations. In 

orner to make comparisons with the original analysis, each sample existed 

ngain of 085 loclltions. \-Ie concluded that the results were more stable 

thlln expected. A plot of the ~ean hootstrap-analysis is given in figure 

4. rrom this boots trap study we estimated the canonic"l correlations for 

the population to he rcl = .35 ann rc2 = .20 for the first and second 

dimension. 

Reflection on these figures learned that the the correlations may be that 

low primarily due to the low accident figures for each location and not 

because of the non-existence of relations between the accident 

probabilities and the characteristics of the locations. We cannot predict 

such smllll accident figures for locations accurately even if we know the 

real accident probabilities. This was in fact our initial problem. In 
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order to investigate to what extend this effect mi),ht influence our 

results, we ~id a ~onte-Carlo study as follows. 

The canonical scores for the locations that resulted from the analysis 

may be regarded as proportional to the logarithm of the prohahility of nn 

accident at that location, hecause of the fact that the first canonical 

axis almost completely coincides with rescaled numher of accidents. 

Therefore we transforffie~ these values into real accident prohahilities 

for the 685 locations and regardeel these values as real population 

values. We then used these values as multinomial probahilities in "n 

experiment in which we elistributed 404 accidents over the 6~5 locations, 

according to the multinomial probahilities. We. have chosen this number of 

accidents, because there are ]089 - 681 = 404 accidents that are freely 

distributed over the total set of accident locations. 

Then we computed the correlation between the accident probahilities "nel 

the number of allocated accidents that resulted from the ffiultinominl 

experiment. The mean correlation for lOO of these Monte-Carlo runs "as r 

= .45. Using samples of 10 times as much accidents (4040 accidents), we 

found I' - .84, this to give an indication of the increase of I' with 

sample size. From the Monte-Carlo study we conclude that the maximum 

value to be expected for the canonical correlation of the first rlimension 

is .45. The estimated population-value of rcl = .15, resulting from the 

bootstrap study, seems rather high if we compare this value with the 

maximum of .45. 

Therefore our conclusion is that, hecause we used the information of ,,11 

locations together in our canonical analysis, we were able to predict the 

accident probability for each location " lot better from the rond and 

traffic characteristics of the locations than it should have heen 

possible using their inrlivi.~ual accident number only. 

Furthermore, this analysis gives us the relation between the danger and 

the road and traffic characteristics. This information can be used in 

order to take countermeasnres. 

4. Rlack-spot investigation based on non-metric canonical analysis 

In the previous paragraphs, we found that the accident probahilites of 

locations rliffer especially for roads with mixed traffic. Furthermore we 

found that relational techniques for categorical data seem to he useful 
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Figure 2 

techniques to prerlict i1ccirlent potentii11. \~e will give here a more 

explicite rlescription of how these techniques can he used for black spot 

analysis. 

In ord~r to accomplish i1n i1nalysis as descrihed, we have to collect the 

relevi1nt elata for the investigation. The ohject of investigation may be 
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an intersection, a road section of some specific length as we used in the 

example, a pedestrian crossing in a small residential area, although the 

detailed comparison of co~plete areas will hecome increasin~ly difficult. 

For each object we have to measure the criterion value(s), e.g. the total 

number of injury accidents, accidents at daytime and ni~httime, accidents 

with pedestrians involved etc. 

Furthermore we must select the relevant characteristics of the units with 

regard to the explanation of our criterion. For hlack spot analYSiS, this 

will be primarily variables that are related to road characteristics or 

road conditions and controlling variables such as traffic volume, 

percentage of freight vehicles etc. This results in a "data matrix" 

consisting of n rows, corresponding to the n ohjects and m columns 

corresponding to the m characteristics. After the r.anllls analysis we ~et 

a new data matrix of rescaled variables. This rescaling is part of the 

solution that describes the relation hetween the criterion And the road 

and traffic characteristics. In addition, the solution results in an 

ordering of the characteristics with regard to the contrihution of the 

independent variables to the explanation of safety. Finally we get an 

ordering of the locations with regArd to unsafetv. 

In the example that has been described, we find a rescaling for each 

characteristic, and an ordering of objects and variables for each 

dimension. Table 3 shows this ordering for the first dimension. Only the 

five most important explaining variables are represented for the 25 most 

dangerous and 2S least dangerous locations. Table 4 shows us the sa~e 

data for the second dimension. Fiqure 1 gave us the scaling of the five 

major independent variables for each dimension and the scaling of the 

dependent variables. 

If we look e.g. at location 1 Ilnd 4 of Tahle 3, we see that these are two 

adjacent locations that Ilre curved and have two Ilnd three minor crossings 

respectively. Furthermore the road is rather small at these points ( 6 

m) and has orientation lighting. One location has one accident, the other 

has three accidents, including one fatal accident. Figure 5 gives us an 

idea of these locations. 

A plot of the most dangerous locations on a mal' may sug~est structural 

countermeasures. An analysis of and comparison with the least dangetuu5 

spots may also suggest countermeasures. 

From Table 4 we see that if we want to concentrate on fatal accidents, 

countermeasures with regard to a high percentage of freight vehicles, 

, 
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18~1846g <·~Q1 6:AJ~ ~ 1 -q:~~~ 1: 8g~ -8:qgg '5:Hg JJeB 3. ,9 
10208437 3·052 -0.756 2 1 1.929 1.062 -0.806 0.517 3.486 
10208436 2.945 1.810 4 2 1.929 1.062 -0.806 0.517 4.203 
10205126 2.£59 0.920 3 2 1. 929 1. 062 0.146 -0.223 -0.280 
10205117 2.720 0.e45 3 1 1. 929 1. 062 -0.806 -0.223 -0.280 
10201623 2.590 -0.756 2 1 1.929 1.062 O. '46 5.336 3.486 
10208404 2.572 1.735 4 1 1.929 1. 062 -0.806 0.517 -0.280 
102 10418 2.493 1.81 C 5 2 1.929 1.062 -0.e06 0.517 -0.280 
10205672 2.420 0.845 3 1 1.929 1.062 -0.806 -0.223 -0.280 
10210851; 2.t14 1.735 4 1 1.929 1.062 1. 563 0.517 -0.280 
10200417 2.296 1. 735 4 1 -0.547 1.062 0.146 11. 180 -0.280 
10210415 2.250 0.845 3 1 1.929 1.062 -0.806 0.517 -0.280 
'0204427 2.236 0.845 3 1 1. 929 1.062 -0.806 -0.223 -0.280 
10205664 2. 188 -0.756 2 1 1.929 1.062 -0.806 -0.223 -0.280 
10204420 2.185 0.920 3 2 1.929 1.062 -0.806 -0.223 3.486 
10210403 2. -:81 O.e~5 3 1 1. 929 1.062 -0.806 0.517 -0.280 
1020186B 2.174 0.845 3 1 1.929 -0.942 0.146 -0.223 -0.280 
10202556 2.139 0.845 3 1 1.929 1.062 -0.806 0.517 -0.280 
'02010 1 9 2.090 0.920 3 2 -0.547 1.062 -0.806 5.336 -0.2eO 
10200~~9 2.0S7 0.845 3 1 '.929 1.062 1. 563 5.336 -0.280 
10206377 2.041 2.922 6 3 1.929 -0.942 1. 563 0.517 -0.280 
10210428 2.032 0.920 3 2 1.929 1.062 -0.806 0.517 -0.280 
10202010 2.011 -0.756 2 1 1. 929 1. 062 -0.806 -0.223 -0.280 
10211221 2.008 1.135 4 1 1.929 1.062 -0.806 0.511 -0.230 

25 locations with highest canonical scores on first dimension 

10202430 -1.689 -0.156 2 1 1.929 1.062 1. 563 -0.223 -0.280 
10202418 -1. 691 -0.156 2 1 -0.547 -0.942- 1. 563 -0.223 -0.280 
10206117 -1.710 -0.156 2 1 -0.5W{ -0.942 1. 563 -0.223 -0.280 
10202428 -1.791 -0.156 2 1 1.005 -0.942 1.563 -0.223 -0.280 
10210388 -1. 804 -0.156 2 1 -0.547 -0.942 1.563 -0.223 -0.280 
10210692 -1.316 -0.756 2 1 -0.547 -0.942 1.563 -0.223 -0. ?(l0 
10130352 -1. 827 -0.756 2 1 -0.547 -0.942 1. 563 -0.223 -0.280 
10210335 -1.858 -0.681 2 2 -0.547 1.062 1.563 0.511 -0.280 
10209612 -1. 876 -0.756 2 1 -0.547 1.062 1. 563 0.511 -0.280 
10208991 -1. 927 -0.156 2 1 -0.547 1.062 -0.806 -0.223 -0.280 
10209650 -1.955 0.845 3 1 -0.547 -0.942 0.146 -0.223 -0.280 
10204492 -1. 957 -0.756 2 1 -0.547 -0.942 -0.806 -0.223 -0.280 
10202411 -2.1 1 6 -0.156 2 1 -0.547 -0.942 1.563 -0.223 -0.280 
10202395 -2.124 -0.756 2 1 -0.547 -0.942 1. 563 -0.223 -0.280 
10211~78 -2.223 -0.756 2 1 -0.541 1.062 1. 563 0.511 -0.280 
10130319 -2.227 -0.156 2 1 -0.541 -0.942 1.563 -0.223 -0.280 
10208990 -2.230 -0.156 2 1 -0.547 1.062 -0.806 -0.223 -0.280 
10208963 -2.230 -0.156 2 1 -0.547 1.062 -0.806 -0.223 -0.280 
10208966 -2.230 -0.756 2 1 -0.547 1.062 -0.806 -0.223 -0.280 
10209610 -2.264 -0.156 2 1 -0.547 1.062 1.563 -0.223 -0.280 
10206253 -2.299 -0.756 2 1 -0.547 -0.942 1. 563 -0.223 -0.2FO 
10202406 -2.33 4 -0.756 2 1 -0.541 -0.942 1. 563 -0.223 -0.220 
10209641 -2.437 -0.756 2 1 -0.547 -0.942 0.146 0.517 -0.230 
10209645 -2.606 -0.156 2 1 -0.547 -0.942 0.146 -0.223 -0. Z2(1 

'0202126 -2.667 -0.756 2 1 -0.547 1.062 1. 563 -0.223 -0.2?,Q 

25 locations with lowest canonical scores on first dimension 

order of the locations with regard to the p .... (dicted accident potential 
(first canonical dimension) together with information about the most relevant chardctt'rtsri<:s 

-----_. .-
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10204992 
10204994 
10204987 
1020~985 
10204984 
10208951 
'0204792 
10201603 
1020478E 
10204790 
10206395 
10210925 
10210930 
10201606 
10210921 
10210920 
1021164, 
10206402 
10204942 
10206381 
10204934 
1020e004 
1020"492 
10206380 
10206385 

4.951 
11.951 
4.094 
4.063 
3.194 
~.48B 

~.32E 
3.286 
3.195 
3.128 
2.961 
2.911 
2.£44 
2.733 
2.534 
2.5:4 
2.441 
2.394 
2.332 
2.256 
2.245 
2.199 
2.196 
2. '57 
2.157 

-0.014 
-0.443 

9.066 
9·30~ 

-0.014 
-0.014 
-0.014 
0.861 
0.438 

-0.4 4 3 
-0.4W; 
-0.718 
-0.01L, 

9.304 
-0.014 
_0.0'4 
-0.443 
-0.0 1 4 

0.867 
-0.443 

0.861 
-0.014 
-0.01l; 
-0.014 
-0.014 

2 
3 
4 

2 
2 
2 
2 
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2 
2 

2 
2 
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2 
2 
2 
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2.693 
2."C< 
2.693 
2.693 
2.693 
2.693 
2.6S3 
C. 12f~ 
2.693 
2.693 
2.693 
2.693 
2.693 
0.128 
2.693 
2.693 
0.128 
2.693 
0.128 
0.128 
o. '28 
0.128 
0.128 
0.128 
C.128 

"" C 
(tI~ \11 

'0 U f'! 
" ~::I 
"'U~ ,) ...... 0 
G.c ~ 

0.816 
0.816 
0.816 
0.8'6 
0.816 
v. e 16 
0.816 
0.816 
0.816 
0.816 
0.816 

-1.134 
-1. '34 

0.816 
-1. 134 
-1.134 

1. 314 
0.816 
0.816 
0.816 
0.816 

-1.134 
-1.134 

0.816 
0.P16 

Tdble 4 
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-0.942 
-0.942 

1.062 
1.052 
1.062 
1.062 

-0.942 
-0.942 
-0.942 

1.062 
-0.942 
-0.942 
-0.942 
-0.942 
-0.942 
-0.942 

1.062 
1.062 

-0.942 
-0.942 
-0.942 
-0.942 
-0.942 
-0.942 
-0.942 

'0 
W 

oIl~ " .~ 
.~ .c 
-" .~ 

-" 
~ 0 
'" ~ 
"'''" 

2.699 
2.699 
2.699 
2.699 
2.699 

-0.346 
-0.346 
-0.346 
-0.346 
-0.346 
-0.346 

2.699 
2.690 

-0.<4G 
2.f99 
2.699 
2.699 

-0. ~Jj6 
2.699 

-0.3 4 6 
2.699 

':0.346 
-0.346 
-0.<46 
-0. 3~r., 

25 locations wi.th highest canonica:!. scores on second dimension 

10202091 
1020.2556 
10201651 
10208399 
10206174 
10200411 
10203438 
102024'6 
10202363 
10201626 
10206161 
10206112 
~02C2096 
10211055 
10206081 
~020'272 
1020;583 
102C2391 
10205111 
10202401 
10203441 
10206554 
10205106 
10201623 
102Q0221 

-1.6;:>3 
-1. 690 
-1. 691 
-1. 692 
-1.694 
-1.715 
-1.131 
-1.160 
-1.187 
-' . ?05 
-1. B06 
-1.806 
-1.913 
-1.843 
-1. 869 
-1.881 
-1.<)21 
-1.924 
-1.930 
-2.009 
-2.210 
-2.269 
-2.625 
_2.8!!f) 
-3.4~3 

-0.014 
-0.443 
-0.014 
-0.682 
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Figure 4 
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together with hi~h bicycle volumes seem to be urgent. The first five 

locations are almost adjacent. Two of the locations have two fatal 

accidents. Figure & gives us an idea of these locations. Structural 

measures instead of measures on the locations itself seem to be indicated 

here. 
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fig. 5. Hazardous location of first dimension 

This is just an example to show that this technique works and how it 

works. 

Finally we will mention the advantage of this procedure for the evaluation 

of safety measures. A general problem in the evaluation of safety 

measures is the effect of the "regression-to-the-mean". This effect is 

due to the fact that if we divide the locations into two groups, one with 

high numbers of accidents in the past and the other with low accident 

numbers, then there will be a tendency for the mean accident number of 

the first group to decrease in time anrl for the mean accident number of 

the second group to increase, even if we do not change any location. This 

results from the fact that several locations in the first group have high 

accident numbers and several locations in the second group low accident 

numbers by chance. These effects can be very substantial and suggest 

accirlent reductions that are far too optimistic. 

We may want to solve the problem by incorporating the accirlents of all 

locations (inclurling the locations that have not been treated) in the 

evaluation sturly or even estimate the regression-to-the-mean effect using 
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Fig. 6. Hazardous location of second dimension 

the non-treated locations only. Here we do not have to deal with this 

problem, because we can estimate the expected number of accidents for a 

given location if there will be no treatment. Furthermore we can compute 

the accident reduction as a result of the countermeasures that have been 

taken, without referring directly to the number of accidents that 

occurred in the past on that location. 
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ABSTRACT 

Accidents are caused by faulty decisions of traffic participants, often 

partially influenced by the traffic situation itself. There are specific 

situations in which numerous accidents occur; these accidents can be 

studied and the circumstances improved accordingly. However, the majority 

of accidents occur outside these so-called black spots. Other traffic 

situations are characterized by the fact that pratically no accidents occur 

2 

in a period of a year. Nevertheless, because there is a countless number of 

such situations, the total number of accidents is high. 

It is virtually impossible to make a study of accidents in such isolated 

situations. For example, the number of severe accidents on secondary and 

tertiary roads outside the built-up area is about 0.3 per km per year. 

To analyse the accidents occurring in such situations, data would have to 

be collected for a long period, say 30 years. Apart from other consider

ations, traffic and road characteristics would alter so greatly in this 

period of time that the analysis would be valueless. 

Regression model techniques do provide a feasible approach to this type of 

traffic situations. 

Such a model that describes the effects of the traffic and road character

istics can be used to dere~>mine the accident rate. Instead of waiting for 

until accidents occur which can then be analysed, a forecast is made of 

the accidents that can be anticipated. Systematic and area-wide reconstruc

tion regulations can then be enforced to reduce the probability of such 

accidents occurring. 

This contribution deals with a regression model technique that is suitable 

for use in such cases. This technique, which has been successfully applied 

in studies on interurban bicycle and car traffic, is based on the weighted 

multiproportional Poisson model. 

The relevant bicycle traffic study showed car volume, bicycle volume, 

bicycle lane width, median width and the presence of trees along the road 

to be of major importance; the relevant car traffic study showed car volume, 

shoulder width, type of obstacle, obstacle distance, sight distance and 

horizontal curvature to be of the major importance. 
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INTRODUCTION 

Traffic accidents are caused by faulty decisions of traffic 

participants or by defects in vehicles. The occurrence of accidents 

is related to the psychological characteristics of the traffic 

participants as well as to the physical characteristics under which 

they takp part in traffic. These physical characteristics are for 

instance the weather conditions (fog, slipperiness), the light or dark 

period of the day and the road characteristics. There are specific 

situations in which numerous accidents occur; these accidents can be 

studied and the circumstances improved accordingly. However, the 

majority of accidents Occur outside these so-called black spots. Other 

traffic situations are characterized by the fact that practically no 

accidents occur in a period of a year. Nevertheless, because there is 

a countless number of such situations, the total number of accidents 

is high. It is one of the tasks of the traffic-engineer to examine 

whether the accident rate can be lowered by improving the traffic 

situation. 

The occurrence of accidents can be analysed by means of mathematical 

models. Regression analysis is often used; sometimes analysis of 

variance and factor analysis are also used to ascertain the effect of 

road and traffic characteristics. E.g. (1), (~) and (~) used linear 

regression. Often a multiplicative model is made linear, see for 

instance (~), (~). 

In the use of multiple linear regression it is implicitly assumed that 

the observation results are normally distributed. This assumption is 

not very realistic since the analysis is specifically concerned with 

traffic situations in which few accidents occur. The probability that 
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the number of accidents would become negative is not negligible in 

that case. 

The drawback of an erroneous assumption with respect to the sampling 

distribution is even greater when using the multiplicative model 

linearized by a logarithmic transformation. The logarithm of zero is 

not defined and a zero observation can therefore not be included in 

the investigation. 

The zero observations are sometimes omitted from the analysis. This 

seems undesirable since traffic situations without accidents are of 

a very real importance. 

Other devices are sometimes uspd too; for instance, a small number 

(e.g. \) may be added to all observations, (~), (1) and (~). Such a 

pretreatment of observations can greatly affect the estimate and is 

therefore undesirable. 

For the method being proposed it is not required either. This contri

bution deals with the weighted multiproportional Poisson model and 

illustrates this method with some applications. The number of accidents 

is used as the dependent variable, whereas the accident rate is not; 

in fact, the rate depends on the dimensions used. The lengths of road 

segments where accidents have been observed lead to the introduction 

of weighted models. Accidents are related to road and traffic charac

teristics by means of a multiplicative or multiproportional model. 

The accidents are assumed to be Poisson distributed. 

Section 2 motivates and specifies the model used. The estimation of 

the coefficients is discussed in section 3, while section 4 deals with 

the statistical testing of the coefficients and with a strategy for 

the selection of important influencing factors from a large number of 
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possible factors. 

The advantages of using this model over simple cross-classifications 

of survey data are shown in section 5. Section 6 shows how the 

estimated model can be used in constructing a safety index; this is 

illustrated in one example . Results of two safety studiee are shown 

in section 7. 

THE WEIGHTED MULTIPROPORTIONAL POISSON MODEL 

The weighted multi proportional Poisson model is based upon two 

assumptions. First, it is assumed that accidents are Poisson 

distributed with some expected value. Subsequent accidents are not 

correlated and the time interval between two subsequent accidents has 

a negative-exponential distribution. Secondly, the expected number of 

accidents ~ is multiplicative, i.e. the product of the effects of 

independent variables. 

This model is based on the analysis of higher order cross-classifica

tions to test whether the factors (roadway and traffic characteristics) 

of influence are independent. In using the accident model it is impor

tant to include many roadway and traffic characteristics simultaneously 

in the analysis. The multiplicative model introduced here is a logical 

continuation of the analysis of cross-classifications containing one or 

two roadway features, thus allowing all detailed information available 

to be analysed. Oppe (2) gives some theoretical and experimental justi

fication for the use of a multiplicative model. 

In addition it should be taken into account that some road segments 

(with a certain combination of factors) may differ considerably in 

length (L) from other segments (with a different combination of 

factors). The experimental design is not balanced. As a consequence 
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of the governmental road design policy these are combinations of road 

and traffic characteristics which do not exist, e.g. roads with a 

small lane width but a high car volume. Moreover, observations from 

long road segments are more reliable than those from short segments. 

In the literature on this subject little attention is paid to the 

analysis of such weighted cross-classifications, e.g. (~), (10). A 

computer package like BHDP does not contain software for the analysis 

of weighted cross-classifications. 

The presence of weight factors is a vital difference between the 

method being proposed and the standard log-linear analysis of cross

classifications. Note that the ratio between the number of accidents 

and the weighting factor is not suitable for analysis since in that 

case the analysis will depend on the dimensions used, (!!). 

The form of the model is: 

~klmn = ak • bl 

In this formula: 

c m 
d

n 
............. Lklmn 

~klmn = the expected number of accidents in case the explanatory 

variables belong to the categories k, 1, m and n 

(2.1) 

Lklmn 
the length of the segment belonging to the categories k, 1, 

m and n (if necessary, weighted by period of observation) 

a
k

, b
l

, cm' d
n

, etc. are the coefficients (estimate is indicated by -) 

a, b, c, d are the factors (characteristics of the road and 

traffic situation) 

k, 1, m and n are the classes with k = 1, 2, 3, 4, 

1 = 1, 2, 3, 4, 

m 1, 2, 3, 4, 

n = 1, 2, 3, 4, 
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Interactions can also be taken into account. This means that the 

influence of several independent variables together differs from that 

of each separate independent variable. 

As it is possible to mUltiply the coefficients ak by 100 and to divide 

the b
l 

coefficients by 100 etc. without affecting the number of 

accidents, a normalization is used. So, the coefficients are not 

unique, but the ratios between the coefficients of any factor are 

unique. In performing the computations this complication is taken 

into account. 

The influence of the traffic volume can be estimated by means of 

one of the traffic coefficients. It is also possible to include the 

traffic volume directly as an independent explanatory variable, if 

so required. In the latter case Lklmn becomes equal to the product 

of volume, length and observation period. 

ESTIMATION EQUATIONS 

The coefficients in the accident model are estimated on the basis of 

the maximum likelihood method. Maximization of the likelihood gives 

the estimation equations. As indicated above, the nature of the 

occurrence of an accident is a Poisson process. Consequently, the 

probability of Yklmn accidents at an expected value ~klmn is given 

by the equation: 

Pr [Yklmn] = {exp (-~klmn) • ~klmnYklmn l/Yklmn 
(3.1) 

The numbers of accidents Yklmn are assumed to be independent for all 

combinations of k, 1, m, n, ....... As a result the value of the 
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log-likelihood function CA) becomes: 

A = L L L L In Pr [yk1mnl 
k 1 m n 

(3.2) 

In the formula 2.1 the coefficients should be chosen in such a way 

that the log-likelihood has a maximum value, i.e. that the predicted 

number of accidents is in optimum agreement with the observed number. 

Details of the further derivations are omitted here, see (12). 

A set of non-linear equations is developed, with which the coefficients 

are determined. 

ak = L L L 13
1 

1 m n 

Yk ..• 
c a m n ..... Lklmn 

Y.1. . 
131 ::: ~ L Lac a ..... L

k1mn L k m n 
k m n 

c 
m 

Y •• m• 
= L L LaB a ..... Lk1mn kIn kIn 

Y ... n 
a ::: <" <" LaB c . . ... L

klmn n LL k 1 m 
k 1 m 

In these formulas: 

- Y ; L L L Yklmn - k ... 
1 m n 

L L L Yklmn ::: Y.l .. ; 
k m n 
~ ~ ~ Y ::: Y ; 
L L L klmn .. m. 
kIn 

- Y ; L L L Yklmn - ... n 
k 1 m 

'Y k (3.3a) 

'Y 1 (3.3b) 

'Y m (3.3c) 

'Y n (3.3d) 

'Y k (3.4a) 

'Y 1 (3.4b) 

'Y m (3.4c) 

'Y n (3.4d) 

Yk ... ' Y. l .. ' Y .. m. and Y ... n are the observed marginal frequency 

distributions of accidents. 

The coefficients are determined by an iterative method in accordance 

with the Gauss-Seidel principle. 
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The method being proposed can be modified, if necessary; e.g., the 

Poisson distribution of the accidents could be replaced with some 

other distribution (gamma, Erlang) if the empirical data would 

indicate so. 

4. STATISTICAL TESTING AND SELECTION OF FACTORS 

The estimators of the coefficients are stochastic variables. Each of 

these stochastic variables has a probability distribution, a mean and 

a standard deviation. The smaller the standard deviation of the 

estimator is, the more reliable a coefficient is considered to be. 

It is examined by testing whether certain assumptions concerning the 

parameters of a distribution (comprised in the null hypothesis) can 

be rejected in favour of the alternative hypothesis. Since a multi-

proportional model is being used here, it should be examined whether 

the ratio between the coefficients of each set of classes per factor 

(ak/a
l

, cm/cl' dn/d l , etc.) differs significantly from one. The 

standard errors of the coefficients can be estimated, (12), (13). 
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features the likelihood-ratio test statistic (G2 ) is used, see for 

instance (~). 

def 
G2 2 [ )..* - MIl) 1 

with: 

Yklmn 
In --2 I y klmn Ilklmn 

(sum over all the 
observations) 

)..(11) is the value of the log-likelihood function with est~ted 

Figure 1 shows the effect of the average daily traffic volume and the coefficients (a, 5, c, a, etc.); 

estimated standard errors (shaded) for the data mentioned in table 7.2. 

The influenc:ftraffic volume is significant. 

In some studies we estimated the effects of a large number of roadway 

characteristics. The results of the simultaneous estimation can then 

be supported by some simple strategies. 

Depending on the problem'a distinction can be made between the various 

roadway characteristics. These have been selected on the basis of the 

hypotheses that are to be analysed. As a tool in selecting roadway 

)..* is the highest attainable value of the log-likelihood. This 

value of the log-likelihood function is attained if the 

model results become equal to the observation results; 

G2 is chi-square distributed if the number of observations is 

suffiCiently large (i.e. asymptotic). 

When the value of G2 is calculated for each separate roadway charac-

teristic priorities can be assigned to them according to their 

explanatory power (12). 
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Table 4.1 

Roadway characteristic G2 Degree of Significance 
freedom level 

average daily traffic volume 266.90 6 > .999 
points of conflict 94.32 3 > .999 
type of obstacle 102.00 6 > .999 
horizontal curve 63.81 2 > .999 
obstacle distance 75.33 4 > .999 
parallel facility 54.64 4 > .999 
environment features 40.41 3 > .999 
median width 49.33 4 > .999 
sight distance 49.30 5 > .999 
profile narrowings 9.93 1 .997 
truck percentage 12.74 3 .995 
shoulder width 15.96 5 .994 
pavement width 10.27 7 ~ .80 
pavement 18.50 7 .99 
lane width 10.13 6 .90 
permitted speed 0.67 1 ~ .60 
gradient 0.29 1 ~ .40 
discontinuities 0.26 2 ~ .20 

It would be incorrect to regard these (simple) analyses as definitive, 

~ since the effects of all other factors are ignored and the observations 

are classified solely on the basis of the one factor considered. 

Though these simple analyses do indicate the relative importance of 

the various factors, the weighted multiproportional Poisson model, 

which takes account of many factors simultaneously, must be considered 

decisive. 

5. COMPARISON OF OBSERVED AND ESTIMATED RESULTS 

The value of the application of the model is illustrated by comparing 

the observation results with the estimation results, for the bicycle 

traffic study (one-sided bicycle lanes). The estimation results have 

been taken from table 7.1. 

In practice two-dimensional tables are often used to search for 
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independent variables. In table 5.1 the relation between the accident 

rate per km per year and the volumes of car traffic and (motorized) 

bicycle-traffic is shown. To allow comparison with the model results 

all observation results were divided by the number of accidents in the 

upper left cell. 

Table 5.1 Observation results; normalized accident rate per km 
per year 

Volume Volume cars (or motor vehicles) 
(motorized) 

bicycles < 200.0 2000 - 4000 4000 - 6000 > 60.00 

< 250 1.00 0.91 0.77 0.94 
250 - 700 0.78 1.50 1.23 1.47 
700 - 1000 0.00 2.63 3.33 4.88 

> 1000 0.52 0.45 5.83 6.27 

The number of accidents is expected to increase with the increasing 

volumes of the motor vehicles and of cycles. In table 5.1 however, the 

first line and the first column might suggest that the .accident rate 

decreases with an increase of the traffic volume. 

The second column and last line also present a rather illogical picture. 

The reason is that other roadway characteristics also affect the occur-

rence of accidents. This effect cannot be demonstrated in a two-dimen-

sional table. 

In table 5.2 the model results are shown. The table is the result of 

multiplying the estimated coefficients for motor vehicle volume by 

those for (motorized) bicycle volume, see table 7.1. The effect of 

other roadway features was incorporated in the other estimated coef-

ficients, but is omitted from this table. The model results are well 

in line with the expectations. An increase in traffic volume results 

in more accidents. 
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Table 5.2 Model results; normalized accident rate per km per year 

Volume Volume cars (or motor vehicles) 
(motorized) 

bicycles < 2000 2000 - 4000 4000 - 6000 > 6000 

< 250 1.00 1.23 1.56 1. 74 
250 - 700 1.27 1.56 1.98 2.21 
700 - 1000 2.99 3.68 4.66 5.20 

> 1000 3.92 4.82 6.12 6.82 

In table 5.3 to illustrate the use of interaction coefficients another 

example is presented. In this table the width of the bicycle lane and 

the width of the median between bicycle lane and roadway are included: 

Table 5.3 Observation results 

median width 

< 2.3 m 
> 2.3 m 

bicycle lane width 

< 2.7 m 

1.00 
0.81 

> 2.7 m 

1.68 
0.73 

The wider a bicycle lane with a narrow width the more dangerous. 

This table has led to the hypothesis of interaction. Consequently, 

coefficients were estimated for each cell of the matrix. These were 

included in table 5.4. 

Table 5.4 Model results 

median width 

< 2.3 m 
> 2.3 m 

bicycle lane width 

< 2.7 m 

1.00 
0.65 

> 2.7 m 

0.85 
0.54 

If the cells outside the diagonal are multiplied, a value of 0.55 

results which differs little from the estimated value of 0.54. So the 

14 

G2 does not differ significadly. Consequently, the assumed interaction 

apparently does not exist. 

In the final estimation (presented in table 7.1 ), therefore, inter-

action is not present. 

The estimation results show that wide bicycle lanes are safer than 

narrow ones and that a wide median is safer than a narrow one, which 

is entirely in line with the expectations. The difference between model 

results and observation results must be attributed to the fact that 

apparently in table 5.3 other independent variables (e.g. volumes) 

come into play as well. 

6. SAFETY FORECASTING 

The estimated coefficients can be used in a number of applications. 

One possible application is discussed here. Two specific roads with 

a one-sided bicycle lane are compared with respect to their safety. 

The figures 2 and 3 show two roads with a one-sided bicycle lane; 

these roads differ with respect to four important roadway character-

istics, viz. access points, median width, width of bicycle lane and 

type of obstacles. Table 6.1 shows that the road shown in figure 2 is 

about 3.5 times less safe than the one shown in figure 3. 

bicycle lane; bicycle lane; safe si tl'at ; nn 

'--------------------------_._----_. ----_.-



~ 
N 

15 

Table 6.1 Calculation of road safety 

Coefficients* for the road shown in 
Roadway 
characteristics figure 2 figure 3 

access points 1.00 0.89 
median width 1.00 0.65 
width of bicycle lane 1.00 0.85 
obstacle 1.66 1.00 

safety index 1.66 0.49 

* from table 7.1. 

In this way systematic and area-wide (re)construction regulations can 

be suggested to reduce the probability of accidents. 

7. APPLICATION IN SPECIFIC SITUATIONS 

Introduction 

In the Netherlands the weighted multiproportional Poisson model was 

used: 

for polder roads (1974), (14) 

for interurban bicycle traffic (1978), (15) 

for interurban car traffic (1979), (16). 

Some results of the latter two studies are discussed in this section; 

for more details references is made to (12), (13). 

7.1. Interurban bicycle traffic 

The study was concerned with 1774 accidents to (motorized) cyclists 

resulting in severe injuries, which were or were not fatal. The 
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accidents have been taken from the national accidents survey with 

accidents per road segment. The roadway characteristics have been 

determined by a direct survey. The role of secondary and tertiary 

roads outside the built-up area (with a total length of 2439 km) in 

these accidents was studied. There are roads with bicycle lanes on 

both sides, roads with bicycle lanes on one side and roads without 

lanes (figures 2 and 3). 

The inventory unit used was a road segment. A segment is a part of the 

road between intersections and/or junctions with public roads, within 

which there are no changes in the most important characteristics of 

the road and which has a maximum length of 200 m. 

In this paper results are shown for the roads with a separate bicycle 

lane on one side (i.e. with a reservation between the car and bicycle 

lanes) . 

Some of the most important results (so far) are: 

The probability of accidents is greatly influenced by the motor 

vehicle volume. Average daily traffic volumes were used; the 

volume at the time of the accident could not be used, because 

data were lacking. The influence of the volume on accidents is 

considerably greater for roads without bicycle facilities, 

factor 1 in table 7.1. 

It can be concluded that an increase in the bicycle volume 

greatly increases the probability of accidents (table 7.1). 

An other conclusion for the construction of bicycle lanes is 

that the probability of accidents is greater on Lvads with a 

wide bicycle lane and a narrow median than on roads with a less 

wide bicycle lane and a wider median (see table 5.4). This is 
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particularly true for roads with a bicycle lane on one side. 

Roads with many access points generate significantly more 

accidents than roads with few or no access points (factor 3, 

table 7.1). 

The influence of parking bays, bus stops, etc. is not significant 

on roads with bicycle facilities on one side or on both sides 

as could be expect'ed because there are no conflicts. On roads 

without bicycle facilities the probability of accidents is in-

creased by more than 20%. 

No significant effect could be demonstrated for other influencing 

factors. 

7.2. Interurban car traffic 

~ The following data are cited from Jager and Gijsbers (16). The study 

was concerned with 1545 accidents causing severe injuries, which were 

or were not fatal on two-lane or equivalent roads maintained by the 

National or Provincial Governments (1300 km). To obtain a unit of 

analysis inventory, the road net was subdivided into lengths of 

approximately 100 m. The analysis was carried out on segments of roads, 

most of which were 200 m in length. The used road characteristics in 

a cross-section are given in figure 4. Table 7.2 presents the 

estimation results. 

The results of the analysis are as follows: 

As may be expected, the average daily traffic volume (factor 1 

in table 7.2) is by far the most important explanatory variable. 

The accident density is approximately a factor 3 higher on roads 

with an average daily traffic volume of more than 9,000 motor 

vehicles, than on roads with a volume lower than 3,000 motor 
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Table 7.1 Example of estimat~oo results. Roads 1M'ith a bicycle hne on one side 

,..-
t-value Factor Class L Y C between classes 

1 Motor vehicle volume 
1 < 2000 141 66 1.00 
2 2000 - 4000 ISO 98 1.23 
3 4000 - ~OOO 123 102 1.56 
4 > 6000 129 255 1.14 

-,--- -_. 
2 Biclcle volume 

1 < 250 230 105 1.00 
2 250 - 100 192 120 1.21 
3 100 - 1000 48 83 2.99 
4 > 1000 18 213 3.92 

3 ~ccess 2oiots biclcle 
lane side 

1 ~ 135 199 1.00 
2 ~ 225 .. 414 232 0.89 

4 Access 20ints otber side 
1 ( 225 • 130 211 1.00 
2 ~ 225 ID 419 310 0.91 

5 Median bi£Ic le lane 
1 < 2.3 .. 215 281 1.00 
2 ~ 2.3 m 334 240 0.65 

6 Width biclcle lane 
1 < 2.7 11 235 230 1.00 
2 ~ 2.1 m 314 291 0.85 

1 PaVeatent bi£Icle lane 
1 asphalt + concrete 318 301 1.00 
2 brick pav.eaent 231 214 1.21 

8 Sight distance 
1 lOot 338 308 1.00 
2 < lOO'/. 211 213 1.15 

9 Obstacle 
I no obstacle 411 290 1.00 
2 others 61 73 1.15 
3 trees (continuous) 55 120 1.51 
4 trees (discrete) + lights 22 38 1.66 

L :: total segment length in laD, weighted by the analysis period 
Y :. the nUllber of accident per class 
C = the coefficients estimated 

1 2 

2 1.29 
3 3.02 1.68 
4 3.02 2.31 

1 2 

2 1.83 
3 8.66 5.35 
4 9.69 9.35 

1 

2 0.64 

1 

2 0.11 

1 

2 3.13 

1 

2 0.96 

1 

2 2.03 

1 

J 
2 1.23 

1 2 

2 0.85 
3 3.84 1.81 
4 2.85 1.51 

(}) 
~.~ 

-=i'=~=:::::::p---"~~ 
i--":":~-+- dl$tanu to tht fkJ obJ/"" t 

Ik'l~ct to tilt ycond obJli!clt 

pi1ved JlJoIJidtr rf,dtli I two lene WIdth 
I"" f- p"ytment Width 

pi1ved ""ov/der width 

~ 
figure '4 Road characteristics of a cross se-ction 

3 

0.85 

3 

1.94 

3 

0.33 
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vehicles per 24 hours (provided all other roadway features are 

equal). The accident density hardly increases with an increase 

of the intensity over 10,000 motor vehicles per 24 hours. These 

analysis results scarcely differ from the conclusions that can 

be drawn from, in particular, West German and Danish studies, 

(~), (!1.), (18) en (19). 

If the regression coefficients are normalized by traffic 

performance (roughly speaking this means dividing by volume), it 

appears that in comparing roads, of which the other features are 

the same, a road with a high volume is safer than a road with a 

relatively low volume. 

The two-lane width does not significantly influence the accident 

density, whereas the pavement width and shoulder width do 

(factor 3), although the pavement width less than the shoulder 

':f width. The two-lane width therefore seems to influence the 

accident density much less than the paved shoulder width. The 

effects found for the shoulder width are significant in all 

cases. A paved shoulder width smaller than 0.85 m produces a 

greater probability of accidents than a wider paved shoulder. 

The accident density is not significantly changed by increasing 

the width of shoulders of 1.8 to 2.0 m wide. The accident density 

is as much for roads with a shoulder width of 1.8 to 2.0 m as for 

roads with considerably wider shoulders. Within the classes 

smaller than 0.9 m the widths of 0.4 to 0.5 m appear to be 

significantly safer than the slightly wider (0.6 to 0.8 m) or the 

slightly narrower (:;i 0.3 m) widths. The results found for the 

lane width are not in line with the conclusion drawn from other 

studies, i.e. that the traffic safety increases with an increase 

of the lane width. 
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Table 7.2 Example of estimation results. Lane width study 

Factor Class L y C 

1 Motor vehicle voll.Ulle 
I 1 <~---- 256 172 1.00 

2 3000 - 3999 177 156 1.23 2 1.83 
3 4000 - 5999 282 329 1.55 3 4.48 
4 6000 - 7999 238 329 2.07 4 7.59 
5 8000 - 9499 123 236 2.72 5 9.83 
6 ~ 9500 130 323 3.ll 6 11.57 

-
2 !suck percent~ 

I 1 <~ 1003 1253 1.00 
2 ~ 20'1. 204 292 1.14 2 1.89 

3 Paved shoulder width 
1 1 ~ 0.85 .. 131 136 1.00 

2 < 0.85 • 1077 1409 1.22 2 2.15 

4 Obstacle distance 
I 1 absent --- 39 37 1.00 

2 2.5 - 3.5 • 1012 1197 1.21 2 1.13 
3 < 2.5 .. 156 311 1.43 3 1.96 

5 Median width 
1 1 absent 653 703 1.00 

2 ~ 4.0 .. 412 612 1.15 2 2.29 
3 < 4.0 .. 143 230 0.98 3 0.25 

6 ~bstacle 1 1 absent 764 829 1.00 
2 other 312 453 1.03 2 0.44 
3 open row of tree8 87 145 1.26 3 2.41 
4 row of lighting colU8D8 47 H8 1.35 4 2.62 

7 Siabt-dist.ance 1 
1 ~ 900 .. (both directions) 263 258 1.00 
2 other 945 1287 1.14 2 1.91 

8 Pavement 1 
1 c;;ncrete 121 195 1.00 
2 asphalt 1086 1350 0.85 2 1.99 

9 Horizontal curvature 1 
1 ~ 1500 ID 982 1141 1.00 
2 750 - 1499 IB 128 198 1.25 2 2.29 
3 ~ 749 .. 96 206 1.64 3 6.29 

10 Points of conflict 1 
1 absent + croBsing8 1073 1261 1.00 
2 access points 111 206 1.32 2 3.45 
3 intersections 24 78 2.65 3 8.25 

11 Profile narrowiy. 1 
1 absent 1178 1487 1.00 
2 present 29 58 1.48 2 2.90 

Source: IIRijkswalerstaatll {Departaent of Public Worlts)/DHV Consultiog Enaineers 

L = total segment length in km, weighted by the analysis period 
y =- the number of accident per claas 
C .= the coefficients estiJaated 

t .. value 
between clasBea 

2 3 4 

2.37 
5.30 3.56 
7.56 6.32 3.18 
9.29 8.48 5.05 

2 

2.20 

2 

1.93 

2 3 

2.04 
2.41 0.52 

2 

2.70 

2 

5.15 

The various research workers, however, do not come to the same 

5 

0.52 

I 

I 

conclusion concerning the relation between lane width and accident 

density: (20) have found a linear relation; (l), (21), a parabolic 

relation, and (22) has concluded a hyperbolic relation. On the 



~ 

21 

whole the results for shoulder width and pavement width, however, 

are in keeping with the conclusions drawn from the study of 

literature (ll), (18), (20), (22). 

The type of obstacle (factor 6 in table 7.2) significantly 

influences the accident density. Open 'rows of trees and rows 

of lighting columns significantly increase the probability of 

accidents with 26%. With regard to the effects of the rows of

lighting columns a reservation should be made. In general, 

lighting is used along motorways only if the traffic volume in 

conjunction with the road situation calls for such a provision. 

The obstacle distance (factor 4) significantly influences the 

accident density. The distance from the inner side of the edge 

marking of the lane to the first obstacle in the shoulder is used 

as a measure for the obstacle distance. From the analysis it 

becomes obvious that the accident density decreases with an 

increase of the obstacle distance. The accident density for 

obstacle distances smaller than 2.5 m was found to differ 

significantly from that for obstacle distances greater than 2.5 m. 

'Significant differences in accident density could be found neither 

for obstacle distances between 0 and 2.5 m nor for those greater

than 2.5 m: 

The presence of most types of conflict pOints (factor 10) 

significantly increases the accident density. After traffic 

volume, this road feature influences the accident density most. 

A distinction was made between the following points of conflict: 

pedestrian crossings and bicycle crossings, both with or 

without traffic lights; crossings for mixed traffic; 

residential and agrarian access points and minor inter

sections; 
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type B intersections (intersections without road signs and 

without changes in their cross sections). 

Access points and B-type intersections significantly influence 

the accident density. The presence of type B intersections 

increases the accident density considerably more than that of 

access points. 

Horizontal curves (factor 9) with a radius greater than 1500 m 

do not affect the accident density. With a decrease in the 

horizontal radius the accident density significantly increases. 

The sight-distance (factor 7) significantly affects the accident 

density. A sight-distance greater than 900 m is significantly 

safer than a more restricted one. With a further decrease of 

sight-distances smaller than 900 m, the increase of the 

probability of accidents was found to be insignificant. From 

other studies (~) it appeared that sight-distances smaller than 

400 m result in a higher accident density than sight-distances 

greater than this. From the literature study it was found that 

sight-distances greater than 400 m hardly affect the accident 

density at all. 

Besides the roadway features mentioned, the median width 

(factor 5), the type of pavement (factor 8), the truck percentage 

(factor 2) and the profile narrowings also affect the probability 

of accidents, though to a less extent. 

For some features no relation to the probability of accidents can 

be demonstrated. This applies to the (legally permitted maximum) 

speed and the presence of grades. 
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EVALUATION 

Up to this moment the weighted multiproportional Poisson model 

presented here has yielded practical results when used in traffic 

situations with few accidents. 

Road and traffic characteristics affect the occurrence of accidents 

substantially. The estimated results enable the traffic engineer to 

design and evaluate safety measures. 

This has been shown by one example two 

specific roads have been compared on the basis of the safety index 

computed from the model coefficients. 

The results suggest construction and reconstruction 

regulations to be enforced. 

If the finances are limited it is possible to set up a list of 

priorities in order to minimize the number of accidents. 

It has been the usual practice to improve traffic situations after 

a lot of accidents have happened. The weighted multiproportional 

Poisson model forecasts accidents and enables us to improve dangerous 

situations before accidents happen. 

The use of this technique helps us to reduce the number of accidents. 

This technique is offered as an important tool in improving safety 

efficiently. 
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Short Term and Area-wide Evaluation of Srifcty Measures Tntple

mented in a Residential Area Named 0sterbro. 

The Statistical Tools. 

Lars Krogsgaard Thomsen, 

The Danish Council of Road Safety Research. 

ABSTRACT. 

With emphasis on a newly finished traffic restraint programme carri
ed out in 0sterbro, Copenhagen (cfr. Engels abstract) the mathemati
cal statistical tools for evaluation are exposed. 

The exposition will fall in two parts. The first will deal with the 
statistical procedures related to the actual accident analysis. The 
second will be the analysis of different behavioural studies of the 
street-users with emphasis on speed-measurements of motorized vehic
les. 

The statistical tools for the accident analysis have two main-pur
poses. The first is: "Has the accident rate actually changed?" 
while the second is "in case of a change, what size has this change 
and which are its limits?". 

The first question is ans-wered by means of statistical tests using 
multiple-dimensional log-linear-Poisson-models. A special case of 
control-area (Placebo)-philosophy is used here. The second question 
about the size of the effect is answered by more conventional sta
tistical theory but carried out as well with as without a control
area. 

Supporting the accident-analysis behavioural studies have been car
ried out. The speed-measurements are dealt with in mathematical 
statistical terms using analysis of variance, investigating the as
sumptions of these analysis and dealing with general behaviour of 
street-users in terms of log-linear Poisson-models. 

Finally some conflict-and accident-studies by Zimolong (1980) are 
reanalyzed by means of log-linear Poisson models. 

Conclusion. 

In order to make a satisfactory accident-frequency-study of the 
before/after-effect of a traffic-replanning-program two periods 
of three years and a densely populated area of half a square-km 
is needed. 

2 

Introduction. 

This paper is closely related to that by Engel as 

it reveals the statistical methods used in the 

traffic restraint program treated by Enael. 

2 Accide~t frequency related methods. 

In the before/after study extensive traffic cen

suses are collected. These have been used for the 

calculation of accident frequencies according to 

several categorizations. 

We thus have variables formally given by 

Aijk €. Poisson (T ijk A ijk) 

where A, 'k is the number of accidents for a given 
~J 

street, a given street-user-group and a given pe-

riod. T, 'k designates the number of kilometres 
~J 

travelled by the given group at the given location 

in the given period. T is deterministic. Finally 

A_ 'k is the accident frequency. 
~J 

Any comparison of accident (and casualty) frequen

cies is treated as a weighted cross-table using the 

theory of weighted log-linear Poisson models. 

The literature on this subject is very sparse. The 

original paper in this context is that of Andersen 

(1977). In the paper of ~ndersen only the two-di

mensional case is treated and it is expanded for 

any dimension in Thomsen and Thyregod (1981). 

The estimation and testing in these tables become 

laborious. De Lee~~ and Oppe (1976) describe a 

computer-program using minimum chi-square estima-

L __________________ ----.J 
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tion. The maximum likelihood-approach of Alvey 

(1977) is used in the project described here. 

Testirig in statistical terms only answers the in 

fact very academic question of "Has the accident 

frequencies changed?" Answering yes, one wants 

to know the actual size of the change and its con

fidence limits. In the more than one-dimensional 

case this becomes complicated, but is a very im

portant result. It is not treated in detail here, 

but will in Engel (1983), that is under preparation. 

3 Accident frequencies and the general accident 

trend. 

Looking at accidents and their multi-dimensional 

structure one r.ealizes that the patterns are very 

different according to geographical location. For 

this reason we have in the 0sterbro-project (cfr. 

the paper of Engel) rejected the idea of an exter

nal control-area. 

As described by Engel it has in the experimental 

area been possible to divide accidents into two 

groups, the experiment accidents and the control 

accidents. 

Analyzing the control accidents by the weighted 

log-linear Poisson model it is possoble to obtain 

an estimate of the general accident trend, i.e. 

~qen 
~ft"'r 
A 
!Jefore 

where gen designates the general accident trend 

\fter the accident frequency after the restraint-

4 

program and 'before the frequency before. 

This result enables us to estimate and divide a 

given accident number into three components, one 

from the general accident frequency trend, one 

from the amount of traffic and finally one compo

nent obtained from the traffic repldnning-program. 

These calculations become very technical and will 

be reported in Engel (1983). 

4 Behavioural Studies. 

Several behavioural studies have been carried out 

before and after the countermeasures have been in

troduced. 

Severdl different types of speed-measurements have 

been carried out. Very often the analysis of vari

ance turns out to be a very appropiate method. 

Its assumptions are 

1. normal distribution 
2. identical means 
3. identical variances and 
4. independence between observations. 

In these measurements non-normality is very often 

the case as the speed distribution is skewed to 

the right with with heavy tails. Transformations 

are used but rather often the assumptions are not 

satisfied anyway. 

It is not possible in the collection of behaviou

ral data to obtain groups that are balanced, i.e. 

the number observations differs from group to 

group. This medns that the analysis of variance 

has to ue performed unbalanced and makes the ana-
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lysis of the group-counts necessary and for this 

purpose the unweighted log-linear model is well 

suited. 

These studies are related to the normal behaviour 

of the street-users and are not conflict studies. 

Some critical remarks related to the conflict-tech

nique are launched in the following working paper. 
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A Reanalysis of Some Data from 

"Traffic Conflicts at Urban Junctions". 

Introduction. 

This working paper is a translated and slightly mo

dified version of a working paper in Danish. The 

idea is to present one of the few studies of the 

possible relation between accidents and conflicts. 

Coming across "Traffic Conflicts at Urban Junctions 

- Reliability and Validity Studies" by Bernhard Zi

molong (cfr. list of references). I found it inte

resting to reexamine these data using the theory of 

log-linear Poisson models. Some good books on this 

topic are Bishop (1975) and Haberman (1974). 

.., Data and Analysis. .. _._ .... _---

Data are from Zimolong (1980) , p. 19 and are shown 

in table 1. 

Junction Types of Right Angle Parallel Pedestrian Sum 

Accidents 20 0 0 20 
Conflicts 10 0 2 12 

2 6 0 0 (; 
] 0 0 3 

3 0 0 0 0 
2 0 0 2 

5 0 1 I> 
8 0 0 8 

5 6 0 0 I> 
8 0 5 13 

6 15 11 1 27 
8 8 3 19 

7 39 8 4 51 
35 5 11 51' 

8 19 16 0 35 
25 11 0 36 

9 31 9 0 40 
31 9 3 43 

10 24 16 0 40 
19 2 4 25 

Sum Accidents 165 60 6 231 
Conflicts 149 35 28 212 

Table 1. The analyzed accidents and conflicts (in-
cidents) grouped according to junction 
and type. (Zimolong, 1980, p. 19) • 
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The same table produced by the computer program 

BMDP3F, Dixon (1979), is shown in the appendix, 

table t.1. 

The corresponding accidents and conflicts are di

stributed according to 10 junctions and three traf

fic-types. It is seen that this three-dimensional 

structure consists of several zero counts. In the 

following it will be snown how one analyzes such 

"thin" structures. 

It is seen from table t.2 that the computer program 

reacts on the zeros. For the partial tests given 

at the bottom of the table, it is ssen that amongst 

the two-factor-interactions only TI (type*inci

dents) and TJ (type*junction) are significant on a 

5% level. This holds for the marginal tests as 

well. These facts are important to bear in mind 

when looking at table t.3, where 170f the 19 pos

sible models are shown. 

I~ is seen from table t.3 that several models have 

estimated (fitted) values, which are zero. The num

ber of degrees of freedom is thus calculated from 

the following formula 

fact f BMDP - (ffit - fo) { 1 } 

where fact is the actual degrees of freedom, f B1.1DP 
those given by the computer, ffit the number of 

fitted zero-values while fo is the number of margi

nal zeroes. The method given by {1} is described 

in detail by Fienberg (1980) and Bishop (1975). 

For the best fitting models the goodness-of-fit

probability is added by hand in table t.3. 

In the marginal total TJ is seen eight zeros, which 

::3 

mpans that for models including this interaction 

we have fO,TJ = 8. The marginal total IJ has one 

zero and gives fO,IJ = 1. For the most interesting 

models the actual number of degrees of freedom are 

added and the goodness-of-fit shown. 

As an example one can examine the model JT, Jr. It 

consists of two interactions with zero counts. u
sing {1) we obtain 

fact f BMDP - (ffit - fO,TJ - fO,IJ) 
20 - (17 - 8 - 1) 

12 

The correct number of degrees of freedom is thus 

12. 

Three models in table t.3 are of special interest. 

They are 1. TJ,I; 2. TJ,JI and 3. TI,TJ,IJ. 

The model TJ,I corresponds to that type depends on 

junction. If the model described data well this 

interaction would be the same for accidents and 

conflicts. This would mean that the number of 

conflicts was a good accident-indicator. 

The goodness-of-fit-level of 0.0007 using the like

lihood-ratio-test and 0.0066 using Pearson tell 

that the model TJ,I does not describe the data 

in a good way. 

A better fit can be obtained by using either TJ,TI 

or TI,TJ,IJ. Both models are above the D.DS-level 

and thus seem satisfactory. As the interaction IJ 

tested partially gives a very small test-statistic 

one must conclude that a good fit is obtained by 

TJ,TI. It must be concluded that there exists in

teraction between type and junction and interaction 
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between type and incident. 

One could interpret the model as for a given type 

there exists homogeneity between junction and in

cident. In ordinary terms this means that for a 

given type it might be possible to use conflicts 

as an indicator of accidents in different junc

tions. 

The interaction between type and incident does not 

seem surprising as the type category is very crude. 

The interaction makes the use of conflict data com

plicated. 

3 Summary and conclusion. 

A collection of German data from Zimolong (1980) is 

analyzed using the log-linear Poisson models. It 

can on the existing data be rejected, that there 

exists homogeneity between accidents and conflicts. 

This means that the conflicts in a poor manner de

scribes the number and the structure of the acci

dents. The structure is in this case made up of 

only two categories, junction and traffictype. 

Concluding on the data shown here one might say 

that with a modest categorization of accidents and 

conflicts, one gets a poor description of the acci

dents using conflicts as an indicator. 
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TH( R(!.ULfS Of FITllNG ALL «--FACtOR NARGJHAlS. 
THIS IS A SIMULTANEOUS lEST THAT ALL a •• AHO HI~HEA fACTOR IH1ERAC110h5 ARE ZERO 

a-FACTOR 
DCNEA..,) 
1 

2 

O.F. 
<>9 
47 

•••• N THE 
ae 

MODEL 

LA CHI50 
698.73 
129.70 

BELOW 17 
16.17 

PROB. 
0.0 
0.0000 

FITTED VALUES 
0.5807 

PEARSON CHI50 
7fJ6.75 
116.7. 

~Ae ZERO. THE O.F. 
".5.82 

ARE 

PAOB. 
0.0 
0.0000 
NOT COMPUTEO 
0.6053 

.T(RA110NS 

2 
CORRECTLY. SEE NOTE 

4 

A SIMULTANEOUS TEST THAT ALL .-FACTOR lNTEMACTIONS'AAE ZERO. 
THE ENTRIES ARE OIFFERENCES rN THE ABOVE TABLE. 

IC-FACTOR 
1 
2 

O.F. LR CHI SO PROB. PEARSON CHI sa PROBe 
'2 569.02 O~O 650.02 0.0 
29 113.5::'" 0.0000 100.92 0.0000 

•• 'HE REMAINING MODELS H£VE ZEROS AS F.fIEO VALUES. THEREFORE DIFFERENCES ARE NOT COMPutED. 

A TEST OF PARTIAL ASSOCIATION OF THE FACTO~S. A ~E5T OF MARG1HAL ASSOCIATION OF THE 
THE TABLE 15 SUNNED eVER THE UN5PECIFJ 
AND THEN THE EFFECT 15 JEstEO TO 8E Z£ 

IT IS CALCULATED AS THE DIFFERENCE eETwEEN THE fULL K-TH 
ORDER MODEL AND THAT WHICH EXCLUDES O~Y THE SPECIFtED 
EFFECT. K IS THE HUMBER OF FACTORS IN THE EFFECT. 

EFFECT D.F. LA CHtSQ PROBe 1'I£.AT10H5 LA CtU5Q PROBe ITERATIONS 
T 2 
I I 
J 9 

TI 2 
TJ 16 
IJ .. 
TIJ .8 

Table t.2. 

296.10 o.() 
1.00 0.3173 

27'.92 0.0 

20.15 0.0000 2 19.95 0.0000 
81.98 O .. OO(]O 2 81.7& 0.0000 
11.81 0.22.5 2 .11.61 0.236" 

16.17 0.5807 4 

Partial and marginal tests of association. It is 
seen that the only two-factor-effects are type*junc
tion and type*incident. There is homogeneity be
tween incident and junction. 
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ALL MODELS ARE REaUEsrEO--
~ODfL OF L1KEL1HOOo-

RATIO CH1SQ 

1 51 402.63 
I "8 697.73 
J 50 426.81 
1.1 5b 401.63 
l,J 40 130.70 
I. J 49 425.BI -
T. I. J 47 129.70 
Tt 54 381.68 

••• IN THE NODEL BELOw H. 
TJ 30 48.93 

•• ·IN THE t40DEL BELOw 3 
I J 40 "14.20 
TI.J 45 109.76 

PROS. 

0.0 
0.0 
0.0 
0.0 
0.0000 
0.0 
0.0000 
0.0 

FITlED -\fALIJES 
0.0160 

FITlED VALUES 
0.0 
0.0000 

PEAASON 
CHISO 

5Bfh36 
~63.02 
388.95 
eSS.85 
:1)7.53 
305.91 
116.74 
351.89 

ARE RERD. 
"1.30 

ARE ZERO. 
.62.51 

96.57 

PROBe 

0.0 
0 •• 
0 • .0 
0.0 
0.0000 
0.0 
0.0000 
0 •• 

THE O.F. .Rt NOT COMPUTED CORR£'CTLY. SEE 
0.0620 

THE O.F. ARE NOT COMPUTED CORRECTL.Y. SEE 
0.0 
a.OOOD 

••• IN TtiIi ,"",OOEL eELOw 16 FITlED ~ALUES-~RE RERO. THE O .. F. ARt NOT CC"PUTEO CORRECTL •• ..:;EE 
TJ.l 29 / ~ ~ 21 

••• IN THE MODEL 
JJ.T 38 

TI.TJ ••• 1 ~7 T~~ !?~EL 
••• IN THE 11400EL 

IT.IJ 36 

JT.JI ••• 1;0 /H~ :f~EL 
••• IN THE NODE\. 

T I • T J. I,J '0/.-10 

Table t. 3. 

47.92 0.0150/0.0007 4D.40 0.0777 /0.0"6 
BELOW 3 FITlED ",ALUES .RE ZERO. THE O.F. ARE NOT COMPUTED CORAECTLJr. 
liS. ID 0.0000 10) .11 0.000.0 
BELOw 16 FllTED ~ALUES ,.RE. ZERO. THE D.F. .. RE NOT COMPUTED CORRfCfL .... 

27.')16 0.4122/0.002 24.97 Q.5762 10.1615 
B..ELOw 3 FITlED NALUES ~RE ZERO. THE D.F. "RE NOT COICPUlED CORREC1fLY. 
98.15 0.0000 81.81 0.00011 

saow 17 fiTTED \lAU,JES ~RE ZERO. THE O.F. ~RE HOT CO_PUlED CORRECTLY. 
36.32 0.0141/0.0003 30.75 0.0586/ O. OOJ'l 

Baow 17 fllTED \lALUES ARE ZERO. THE O.F. ;ARE NOT COMPuTED CORAECTLY. 
J6.17 0~5.07/ L'. 09"9 1.5.62 0.605'/ o.lo~9 

17 of the possible 19 models. To the most interes
ting models the calculated number of degrees of 
freedom is addFJ. 
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'·.Vi\l.UNl'ION Of' AREA-WIDE SAFETY SCHEMES BY MONITORING TRAFFIC AND ACCIDENTS 

Heather Ward and Richard Allsop 

Transport Studies Group 
University College London 

Gower Street, London WCIE 6BT 

ABSTRACT 

Area-wide application of low-cost engineering measures for accident 
reduction aims to prevent many accidents which occur at diffusely scattered 
points in urban areas. It is designed to affect road user behaviour and 
the usage of roads of different types. Because the possible effects of 
intrgducing measures over whole areas may be widespread it is important 
to carry out efficient monitoring which can be used to evaluate a scheme 
both in terms of effectiveness in reducing accidents and in terms of ease 
of movement by car, bus, bicycle and walking. The resulting information 
is relevant not only to technical and economic assessment but also to 
any public debate which may arise. 

Efficient monitoring should provide both short-term and medium-term 
information. In the short-term it should give indication not only of 
success in reducing accidents but also of any undue inconvenience or 
additional accidents which might be occurring as a result of unforeseen 
features of the operation of any component of the scheme. In the medium-term 
effects can be estimated more precisely and trends in the pattern of 
traffic and accidents can be detected by continued monitoring. 

This paper describes various methods that have been developed for 
monitoring occurrence of accidents and distribution of traffic in 
residential areas and on main traffic routes outside town centres. The 
techniques described deal with analysis of accident frequencies and with 
measurement and sample sizes for traffic flows, turning movements, 
pedestrian crossing behaviour, journey times, journey lengths and speed 
of movement along main roads and through residential areas. 

"Crown Copyright 1982. The work described in this paper was carried out 
under contract to the Transport and Road Research Laboratory, but the 
views expressed are those of the authors and are not necessarily those 
uf the Transport and Road Research Laboratory, nor of any other part of 
the Department of the Environment or of the Department of Transport, or 
"r':I other Government Department." 

1. BACK(;tWUN! , 

Over tlw last decade the annual numbl'r of fatal and sprious injuries on 

the n1dds of GrQ,lt Britain has fallen by 1.1 per cent ann the injury accident 

rate per 100 million vehicle-kilomet.res by 30 per cent, but. the problem of road 

accidents remains large, with just over 1/4 million injury accidents occurring 

in 1980, of which nearly 72000 involved fatal or serious injury (Department of 

Transport, 1'181). Tlle problem is being tackled in terms of the road, the 

vehicle and the' rOdd user (Sabey, 1980), alle ""is paper relates to the first 

of tlies,·: it is concerned with important current developments in the application 

and assessment of certain kinds of safety measures in the field of highway and 

truffic engineering. 

Outside built-up areas, substantial reductions in accidents are being 

achieved by building new or greatly improved roads which are safer than the 

ones they replace (Department of Transport, 1980} , and by the identification 

and t reatmC'nt of hazardous road locations (OECD, 1976). l~hi 1st the former 

i nvo I vC's heavy invest.ment, the latter can achieve large reductions in accidents 

at luw cost (see, for example, Hertfordshire County Council, 1981). Both of 

these methods have a part to play also in built-up areas, where about three

quarters of injury accidents on British roads occur, but their role in built-up 

areas is limited. On the one hand, new road construction in towns is expensive 

and often causes disruption which is unpopular with the public, and,onthe 

other hand, a relatively small proportion of accidents in built-up areas occur 

at hazardous locations that can be identified by the repeated occurrence of 

accidents at a disproportionate rate. 

Systematic study of the occurrence of injury accidents in typical tree

standing towns in Britain (Faulkner, 1975; Chapman, 1978) has shown that up 

to one-third occur in town centres, and the remainder are roughly equally 

divided between residential areas and main traffic routes. The same research 

also shows that very few of the accidents in residential areas and at most 

about one-third of those on the main traffic routes occur at identifiable 

hazardous locations. The majority of accidents in built-up areas therefore 

occur at locations that are scattered diffusely through the road network, which 

means that they are not susceptible to reduction by engineering measures taken 

to remedy hazardous locations. This is one of two main reasons for adopting an 

area-wide approach to the application of highway and traffic engineering safety 

measures in towns (Dalby, 1979). The other maLn reason is the wide availability 

of alternative routes for traffic in urban road networks, which means that 

measures taken to reduce accidents in one part of the network may cause traffic 

to use other parts of the network with consequent increases in accidents there. 
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Many British town centres are the subject of comprehensive traffic management 

schemes with a range of objectives including safety, and in successful cases 

these have achieved sUbstantial reductions in accidents in the town centre 

without increasing accidents elsewhere in the town (see, for example, 

Nottinghamshire County Council, 1976). Town centres are therefore not considered 

further in this paper. 

In other parts of British towns it has for well over a decade been standard 

practice in new development and extensive redevelopment to provide a hierarchical 

road system with the minimum of frontage aCcess on main traffic routes and 

few if any through routes and crossroads in residential-areas {Ministry of 

Transport, 1966; Department of the Environment, 1977). Large parts of most towns 

are, however, of earlier layouts in which many main traffic routes are two-way 

single-carriageway roads with frontage access and frequent junctions, and 

residential areas contain crossroads and streets which provide attractive 

routes for through traffic. These parts of our towns are the main target for 

the area-wide application of low-cost highway and traffic engineering safety 

measures intended to 

(a) improve conditions on the main traffic routes both to make them safer and 
to make it practicable to discourage through traffic in residential areas, 
and 

(b) create conditions in which traffic requiring access to residential areas 
uses their roads and streets safely and can enter and leave the adjacent 
main traffic routes safely, 

thus strengthening the degree of hierarchy in the existing network without 

major reconstruction. Many relevant safety measures have been discussed in an 

earlier OECD report (1979). This paper is concerned with methods of monitoring 

the effects of such schemes, and is based on work carried out in the Transport 

Studies Group at university College London under contract to the Transport and 

Road Research Laboratory (TRRL) including the monitoring of a pilot study in 

the town of Swindon, in southern England (Dalby and Ward, 1981). 

2. EFFECTS OF AREA-WIDE SCHEMES AND SCOPE OF MONITORING 

Schemes of the kind being considered here, and having safety as the 

primary objective, can be expected to affect, in various degrees 

(a) the number of road accidents, 

(b) severity of accidents, 

(c) distribution of accidents over the road network, 

(d) distribution of accidents among groups of road users, 

(e) flows and travel-times of vehicles along the main roads, 
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(f) patterns of manoeuvres made at junctions and delays incurred there, 

(g) access times and distances to addresses in residential areas, 

(h) fuel-consumption of vehicles using roads in the area, 

(i) patterns of pedestrian movement, including crossing-points on main roads, 

(j) routes taken by drivers, riders and pedestrians, and 

(k) operation of buses along affected routes. 

In principle, such schemes could also affect the number of journeys made by 

affected people and their choice of means of transport, but it is assumed here 

that the measures taken are not radical enough to have appreciable effects of 

these kinds. There may well also be environmental effects: noise and pollution 

and their distribution over the road network may be changed; signs and markings 

may he visually intrusive but the narrowing or closure of streets may provide 

opportunities for attractive landscaping; scope for children to play in the 

street and eldf'rly people to stroll near their homes may be increased. These 

environmental effects are by no means discounted, and may be monitored if required, 

but this paper discusses the monitoring of the foregoing effects (a)-{k) only. 

It is recognised that routes taken by road-users can be fully monitored 

only by interview surveys or by following typical travellers, but these methods 

are rejected as being disproportionately costly and intrusive in relation to 

schemes of this kind. Simpler substitutes are recommended. 

Because of the likely effects of a scheme on routes taken by road-users, 

the affected area, that is the area over which the pattern of movement is 

appreciably affected, will usually extend beyond the roads where the engineering 

measures are sited, and the monitoring of effects (a)-{k) should cover the 

whole of the affected area. The design of a scheme with the objectives set out 

at the end of Section 1 necessarily involves conSideration of the existing 

and possible alternative patterns of movement, so little or no extra work 

should be involved in identifying the affected area for the purpose of monitoring. 

In the short-term, monitoring should give indication not only of success 

in reducing accidents, but also of any undue inconvenience or additional accidents 

which might be occurring as a result of unforeseen features of the operation 

of any component of the scheme. In the medium-term, effects can be estimated 

more precisely and trends in the pattern of traffic and accidents, including 

requirements for further safety measures, can be detected. 

1. MONITORING OF ACCIDENTS. 

The occurrence of accidpnts in the affected area will be influenced not 

nnly by the schc'me but .\lso by rutiondl developments such as safety legis]"tion 
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or changes in the price of fue~ and local factors such as the general prosperity 

of the area. To the extent that such 1nfluences have a similar effect on 

accidents throughout the town in which the. scheme lies, they can be controlled 

for in accident analysis by extending the monitoring of accidents to cover a 

control area elsewhere in the same town or, if nec€ssary but as a second-best, 

in a similar town nearby. The cont~ol area should be similar in urban form to 

the affected area, and just in case the affected area has been underestimated, 

the two areas should if possible be well-separated. For a mixture of statistical 

and practical reasons, the two areas should experience similar number of accidents 

per year. For at least one and if possible several years before the scheme and, 

as far as can be foreseen for a similar period afterwards, the control area 

should not be subject to changes influencing accident occurrence substantially 

di fferently t.han in the affected area. Such changes after the scheme is 

introduced can of course not be complletely ruled out,. and the method of 

monitoring describE'd here is vulne~able 'to them. An example would be a factory 

closure which caused substantially higher unemployment in the control area 

than in the affected area. 

If no suitable control area can be found, anaLyses of the type described 

here can still be made, but they are then unable to distinguish between effects 

of the scheme and any concurrent changes in national or local trends. 

For both the affected area and the control area it is necessary to have 

accident records on a comparable basis for at least one and if possible several 

years before the scheme is, introduced and then to maintain such records for 
\ ' 

as long as the monitoring is to continue. The r~quirement of comparabi.li ty of 

accident records means in practice in Britain that monitoring,must be based 

on police records of injury accidents. Records of damage-orily accidents reported 

to the police may provide supplel1lentary indicative information, but variability 

in reporting. makes it unwise to base firm conclusions on tpem. 

The injury accident records provide the basis for monitoring effects (a)-(d) 

in Section 2, by means of before-and-after comparison. Data for a short period 

around the introduction of the scheme, 'during which necessary roadworks take 

place and road-users accustom themselve~ ~o, the altered road system, should be 

analysed separately. With low-cost measures, careful planning of the roadworks, 

and full information to road-users (especially _residents who may be obliged to 

alter their routes) this period can probably be reduced to 1-2 months. Any 

identifiable change in accident occurrence ih this perJ:od should be inciuded 

in overall evaluation of the scheme but is dist,j,nct from it,s suL""'luent and 

lasting effects. 
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1.1 s 

BefeJr.!-3nd-,lftE'r comparison is a long-established technique, but its scope 

has heen considerably extended in recent years by developments in the theory 

of log-linear statistical models (see, for example, Fienberg, 1979) and computer 

programs such as GLIM (Baker and Nelder, 1978) for fitting them by maximum

likelihood methods. These models enable the statistical significance of the 

effects of different factors 'Jpon given accident frequencies to be assessed, 

and estimates of the sizes ef tile effects to be made, provided that suitable 

assumptions about tile variability of the accident frequencies are justified. 

In particular, ljnear anJ additive effects on the logarithm of the accident 

frequency can be assessed and estimated if the frequency can be regarded as a 

Poisson variate. Work by Hutchinson and Mayne (1977) suggests that this may 

well iX' a reasonai)]e assumption for small accident frequencies, but not for 

those exceeding dbout 100. It is therefore recomlllended that the numbers of injury 

accid,'nts in the aff,'ct.'d and control areas be divided into sufficiently short 

intervals in the- Dc'fore and aft"r periods to bring th" frequencies well below 100. 

The fitting of lin"ar models to th" logarithms of the resulting frequencies 

"nables the eff"ct of th" scheme to be estimated after allowing for trends OVer 

time and, when time-intervals of fractions of a year have been used, seasonal 

effects, each of which may differ between the affected and control areas. The 

procedure also yields thp standard error of estimate of the effect of the scheme, 

and hence a confidence interval. The model can easily be refitted as each new 

interval's data becomE'S available aftpr implementation of the scheme, thus 

providing a regularly updated estimate, and indicating when any given level of 

statistical significance has been reached. 

In the pilot study in Swindon, as a simple example, quarterly accident 

frequencies were used and these ranged from 6 to 18 over the 4 years before and 

2 years after the introduction of the scheme. One of the fitted models without 

use of control area and without interaction terms took the form 

where 

InCn
ijk

) a + bi + c
j 

+ d
k 

niJk number of accidents in quarter 

k 
,'efore the scheme was introduced 
"fter the scheme was introduced 

of year i , 

and a, b und thE' c
1 

und d
k 

are fitted parameters. The parameter-difference 

d;>-d) was estimdtpd to t"e -D.lO, with a standard error of 0.13, corresponding 

to an estimated accident reduction of 9.6 per 'cent with 95 per cent confidence 

interTdl ranging from a ]0 ppr cent reduction to a 17 per cent increase. 
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Nicholl has discussed (19BI) how to extend analysis of accident frequencies 

from a single scheme to a set of several schemes at different sites, or a scheme 

spread over several separate sites, where each site has its own control, but 

the effects may differ from site to site. 

3.2 severity of accidents 

In monitoring the severity of accidents, the numbers of accidents in the 

affected and control areas are unlikely to be large enough for the analysis of 

numbers of fatalities to be very meaningful. Under the categorisation of severity 

of injury in British accident records, therefore the best indicator of severity 

is probably the proportion of all casualties that are in the fatal and serious 

categories taken together. Linear models of the logarithms of numbers of 

caSUalties in the fatal and serious category and in the slight category can be 

used to estimate the effect of the scheme on this indicator of severity, with 

the slight reservation that numbers of casualties are somewhat more variable 

than corresponding Poisson frequencies. Subject to the same reservation, the 

overall effect of the scheme on the number of casualties can be estimated for 

comparison with the effect on the number of accidents. 

3.3 Distribution of accidents 

The distribution of accidents over the road network or among groups of 

road-user can be monitored by disaggregating the total accident frequencies in 

appropriate ways. In particular, it may well be of interest to monitor separately 

(a) accidents at sites where particular measures have been applied 
roads equipped with speed control humps, or at junctions where 
turns have been prohibited, 

(b) accidents on main roads and within residential areas, and 

e.g. 
opposed 

(c) accidents involving particular groups, such as pedestrians, cyclists, 
children or elderly people. 

on 

Such categories of accident may well be relevant to discussion of any public 

dissatisfaction which may arise from the scheme, because of the tendency of 

people to focus attention on particular features of the scht>me or particular 

types of accident. It may also be useful to distinguish within the affected area 

between roads and residential areas where safety measures have been intrOduced, 

and others which may have been affected by rerouteing of traffic but where no 

safety measures have been imph'mented. 

These disaggregate frequellcit>s can be analysed in the' same way as Lhe 

aggregate ones, except that ti'''''-intervals may well need to be combined in 

order to achieve meaningful fn'quellcics, so that less allowance for trends 

and seasonal variation is posc;U' h'. 
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4. MON ITPR 1Nl; OF TRAFFIC 

Monit()rJng of effects (e) - (k) in Sec-tion 2 is intended to provide estimates 

of gains and losses to traveilprs in terms of changed travel-times and vehicle 

operating costs resulting from the scheme, and also to identify any unforeseen 

operational difficulties which may give grounds for modifying particular 

components of the scheme. For these purposes it is necessary to make observations 

both before and after the introduction of the scheme. Those made before its 

introduction mAy well contribute usefully to its design. 

4. I F'lov:~~n~~~vel-times of vehicles along the main roads 

The overall level of traffic on main roads in the affected area can be 

moni tored ['y placing automatic traffic countf'rs on these roads. The number of 

counters rc'qllin'd will depend on local circumstances, but where the roads 

[orlll a rOllghly radial-and-orbital network, one counter on each radial and 

one on each orbital link between radials would usually be appropriate. In 

addition, two or three counters should be placed on main routes in the control 

area (or, if there is no control area, on typical main roads well away from 

but simi lar to tllos" in the affected area) to control for general changes in 

the level of traffic in the town. The automatic counters should be in place 

for one whole ypar before the introduction of the scheme, and remain there 

for at ledst a similar ppriod afterwards in order to detect any appreciable 

overall redistribution of traffic among alternative main routes. 

Whether or not such redistribution has taken place, travel-times along 

the main roads may well have been affected by the safety measures, especially 

by changes in layout and control at important junctions and in the type and 

numbpr of points of access from resid.,>ntial areas to the main roads. The 

travel-timp in .,>ach direction along each section of main road between important 

junctions can bp estimated by means of the moving observer technique (Wardrop 

and Charlesworth, 1954), and this needs to be done at similar times of the 

week dnd year bt>fore and after introduction of the scheme. Because peak-hour 

flows are often tidal and substantially higher than offpeak flows, it is 

necessary to mpasure travel-times in both of the peak periods and in the offpeak. 

'rh~ number of runs required to obtain a given level of accuracy in the 

estimatp of mean travcl time at a particular time of day increases with the 

vari.d,ll i ty of t rdvel-time, which in turn increases with the degree of 

conq,'stion. For "xample, on the main roads surveyed in Swindon, travel-times 

of [H~tw,'en 7 dnd 10 minutes were found to have standard deviations of b('tween 

20 <11,d' nn Sf'C< ",ds in offpceak perions and in the opposi te direct ion tu the peak 
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flow ill th,' l)('ak periocic;. For the corresponciing peak j~low directions in peak 

pf'r i od", trdVf'J t~ i mes ranged from 9 to 13 minutes wi th standard deviations of 

IJfJ b\ () millutt.~s. 

So that dependence on flow can be taken into account in before-and-after 

comparisons by means of analysis of covariance, flows need to be observed 

concurrently with travel-times as described by Wardrop and Charlesworth. The 

same moving observer surveys can be used to record travel-times through 

important junctions, as discussed in Section 4.2. 

Results of measurements of flows and travel-times on the main roads can 

be combined to provide estimates on an annual basis of changes in vehicle 

operating costs alld time spent by vehicle occupants on the main roads in the 

affected area. Measurements from the control area can be uS0d to adjust for 

change,s t ha t wou 1 d have been expected in the absence of the scheme. 

4.2 Manoeuvres made and delays incurred at junctions 

Schemes of the kind being considered are likely to include changes in 

layout and type of control at some junctions and the prohibition or physical 

prevention of some movements at other junctions. 

Manual counts of flows and turning movements at important junctions on 

the main roads, at points of access from residential areas to the main roads, 

and if necessary also at key junctions within residential areas, before and 

after the introduction of the scheme, can provide information of several kinds 

about movement of traffic in the affected area. They provide a basis for 

disaggregating by class of vehicle the main road flows recorded by automatic 

counters. The turning movements at important junctions can provide further 

information about changes of flows on the main roads. Turning movements at, 

all junctions can give indications of changes in the points at which drivers 

are choosing to enter and leave the residential areas. Lastly, at junctions 

where certain movements have been prohibited but are still physically possible, 

the counts of relevant movements before and after the introduction of the 

scheme provide a measure of the level of compliance with the prohibition. 

For all these purposes it is necessary that the counts made before and 

after the implementation of the scheme should be representative and comparable. 

Because the number of junctions may well be large, at least three times of day 

have to be covered, and manual counts are labour-intensive, it is also necessary 

to use economical methods. The fact that there are 5 working days can be used 

as the starting point for a Latin square design in which the junctions are 

divined into 5 roughly equal groups, and counts are undertaken during 5 weeKS 
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!-"q,!lt;"'ad over th,' :r before the introduction th<2 scheme and 5 corresponding 

weeks ill the' YPdr "fter its introduction. PeT10ds of cOllntin<) at different 

junctions at ,lny one time of day should b", ,hijusted so t:1,11 movements with low 

f lows an' COll'lt ed for long enough to avoid undue variabi li ty in grossed-up 

results. The l'fiort required to cover all turning movements at junctions between 

residential r,'dds and main roads can be reduced if readings from nearby automatic 

counters can be used instead of counting large straight-ahead movements. This 

leads to a p0ssible tradeoff between the number of automatic counters installed 

and the number of enumerators required for manual counts. 

MeaSllreml'nt of delays incurred at junct ions requires even more resources 

than manual counts of flows and turning movements, and comprehensive measurements 

covering all junctions on the main roads are unlikely to be justified. 

Fortunately, junctions which simply provide for relatively small flows of 

dCCl'SS tr~ffic c!ltoring and leaving residential areas are unlikely to be 

major sources of dE!lay dnd changes in delays incurred by turning traffic at 

such j"pctions are covered by the monitoring of access times to addresses in 

the residential areas, as described in Section 4.3. Junction delay to traffic 

on the mdin roads is covered by the moving observer surveys described in 

Section 4.1. Thjs leaves one other substantial cdtegory of junction delay to 

be monitored, ndmely delay to side-road traffic at important junctions on the 

main roads. It is important to monitor thlS delay because schemes of the kind 

being considered here are likely to concentrate turning traffic at these 

junctions and to include changes in their layout and control, and the effects 

on delay sho!Jld be monitored not only as part of the overall assessment of 

changes in travel-times and vehicle operating costs, but also to enable 

unforeseen congestion to be detected and any public complaints on this score 

to be handled in an informed manner. 

It is reco~nended that this side-road delay be monitored by including 

suitable loops in the routes taken during the moving observer surveys, so that 

the j'lnctions concerned are approached from the side-roads as well as along 

the main road. This decreases the length of main road that can be covered per 

survey car in a given period, but experience in the Swindon pilot study indicates 

t~hat the alterndtive of time-lapse filming or video-recording is too time

consuming in analysis and subject to too many difficulties in siting cameras 

to be practicablE! on the scale that would be required. 

Where adaptation of a junction includes the resiting of pedestrian crossing 

faciliti0s at or near the junctlon, it is important that delay at the 

pedestrian crossings be treated conSistently in the before-and-after comparisons. 

This Illeans Hut if the crossings are at the junction in either period and a 
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short distance away in the other, then delay at the crossings in the latter 

period shoula be treated as part of the junction delay when comparing with the 

former period. 

Delays at Junctions are even more strongly dependent upon flows than are 

travel-times along road links, so it is important for observations of junction 

delay to be collated with those of flows and turning movements at the junctions 

concerned for purposes of analysis. 

4.3 Access to addresses in residential areas 

Schemes of the kind being considered here are bound to affect the routes 

taken by those requiring vehicular access to addresses in the affected residential 

areas, including the residents themselves. To the extent that such traffic USes 

the shortest dvallable routes in the existing road system, distances travelled 

will tend to be increased when junctions or short stretches of road are wholly 

or partly closed, or manoeuvres prohibited. Whether total times for the 

journeys concerned are also increased depends on whether any extra distance 

is offset by improved travel-times on the main roads. 

To obtain ideal tnformation about access times and distances would require 

sample surveys of actual journeys to and from relevant addresses, and such 

surveys were ruled out in Section 2. Information is needed, however, both 

because these times and distances contribute to the overall effect of the scheme 

on travel-times and vehicle operating costs and because difficulties in access 

may well give rise to complaints from residents, which means that elected 

representatives may well need to be satisfied that any detours imposed are 

not unreasonable. An example of this arose in the Swindon pilot study, when a 

group of doctors expressed concern lest they be delayed in reaching patients 

in emergency. Fire and ambulance services also need to be satisfied on this 

score, and special provision is sometimes made for them. 

An alternative method of obtaining reasonably satisfactory information about 

access times and distances is to take a small sample of addresses in each 

affected residential area, and make journeys between these addresses and 

suitably chosen points on the main road network both before and after implementation 

of the scheme. Such points might be on the edge of the affected area and on 

roads leading to major destinations such as the town centre or main centres of 

employment. Routes can be chosen from general knowledge of the road system 

and traffic conditions, although it must be admitted tnat t:-.;:y may not be quite 

typical of those used by rpsiclents. The distances can be measured from maps, 

and only the travel-times need to be recorded when the journeys are made. 
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.Journeys can he repeatec. at different timps of clay. Results can be grossed-up 

by means of numbprs of movements in and out of the residential areas, as 

estimated from the junction counts described in Section 4.2. 

The validity of this proce~ure depends mainly on that of the sample of 

addresses. Addresses in a residential area differ substantially in the number 

of vehicular journeys made to and from them, according to the size, composition, 

socio-economic characteristics and vehicle-ownership of the household living 

there. If the mixture of households is similar in all parts of a residential 

area, then addresses selected at equal intervals through a street index would 

form a suitable sample. If, by contrast, different parts of the area contained 

quite different mixtures of types of household, then the sample could be 

stratified between sub-areas and weighted in proportion to the vehicular trip

making propensitics of households in different broad categories, as determined 

from suitable national statistics of travel. Sampled households could be 

associated with the chosen points on the main road network either with the 

help of existing local travel survey data or, failing this, on the basis of 

general local knowledge. 

In the pilot study in Swindon, this part of the work had to be carried 

out at short notice, and the choice of addresses, points on the road network 

and routes between them was therefore rather arbitrary, but even so the 

information obtained proved useful. 

4.4 Fuel-consumption 

In view of current and probable future concern with energy conservatiop 

in transport, it may well sometimes be appropriate to monitor the effects of 

area-wide safety schemes on fuel consumption specifically, in order to corroborate 

or complement estimates which could be made from the various observations of 

travel times, traffic flows and access times and distances. If so, this can 

be done by means of suitably instrumented vehicles. In the pilot study in 

Swindon, for example, it was demonstrated (Wood and Griffin, 1980) that changes 

in the geometrical layout of a main road were associated with a reduction of 

about 2.5 per cent in fuel consumption, quite apart from any saving due to 

increased average speed of traffic. 

4.S Pedestrian movement 

Pedestrian movt0ment is difficult to monitor because of its complex anLi 

often diffuse patterns. Fortunately, schemes of the kind being considered here 

are very unlikely to affect pedestrian movement within residential areas 
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advc-rsely. Tt follows that if one is pre!Jared to forego dny quantit"tive 

estimate of bl'.wfit pedestrians obtain within the residential areas, monitoring 

of c'ffects on pt'destrians may be confined to the main roads in tht' affected area. 

Tht' main effects on pedestrians on these roads are likely to stE'm from 

(a) changes in t.he amount, speed, and pattern of flow of traffic, 

(b) changes in the provision and location of crossing facilities, and 

(c) changes in t.he length and position of guardrails. 

Attention has so far been confined to changes (b) and (c), bE'cause it is felt 

that the measures envisaged are generally rather unlikely tomake such grE'at changes 

of type (a) that pedestrians would be substantially affected, and that if there 

were places where substantial adverse effects were foreseen, a crossing facility 

would be provid,'d, thus making a change of type (b). 

Where local changes of type (b) are made, it is possible to monitor the 

effects on the proportion of pedestrians using the crossing and the proportions 

crossing in nearby lengths of road by dividing the road into sections of 

about 50 metres in length and having one observer count the pedestrians crossing 

in each section, together with one observer for each crossing. Concurrent traffic 

counts enable the use of the crossing facilities to be correlated with traffic 

flow. The resulting data provide information about usage of facilities and 

can be used in conjunction with externally derived formulae (see, for example, 

Goldschmidt, 1977) to obtain rough estimates of delay, but the data are difficult 

to interpret in terms of lengths of detour accepted by pedestrians because, 

except in very simple cases, it is impossible to tell where the pedestrian 

would have liked to cross. 

Similar problems arise with changes of type (c) where the pattern of crossing 

behaviour that the guardrails are intended to influence are complicated. In 

cases where a relatively clearly-defined flow of pedestrians is being channelled 

to a particular crossing point, however, the resulting detour may not be so 

difficul t to est; OJate. 

It would be desirable to obtain a fuller picture of the effects on 

pedestrians on main roads than has so far been possible, but it is hard to 

see how this can be done within the scope of monitoring outlined in Section 2. 

4.6 Routes taken 

As already discussed, the type of scheme being considered here does not 

warrant detailed surveys of routes taken by individual road users. Any appreciable 

shifts of traffic between alternative main roads are indicated by corresponding 

changes in the: auL)matic traffic counts. Redistribution of tr:affic from 

particular H'sidential art'dS among different points of entry and exit und 

then,foH' amollq <1djdc"i1t mdin roads are reflected in th.., counts of flows and 

turn illg movemen ts at the re Levant junctions. Where it is thought. important 

to detect particular shifts of traffic within residential areas, counts will 

be made at key Junctions there for that purpose. The difficulties of monitoring 

routes taken by pedestrians, except in simple cases,havE' already been discussed. 

'rhere remains t lip qUt)stion of routes taken by pedal eyel ists, and these 

may well warrant special attention in view of the attention currently being 

given to provision for cye ling (Department of Transport, 1978 and 1981). 

Cyclists using routes avai lable to motor vehicles will have been inc luded and 

distinguished in the traffic counts made at junctions, but a typical scheme is 

likely to includp elt 1,'ast some special provisions E'nabling cyclists to use 

routes through rt\siot'nti.:_d areas instead uf mdin rOdds, dnd tu avoid at least 

somp of thp dC'tours that may be required of motor vehicles. Even where no 

special provision is mnde, cyclists are likely to take short cuts via footways, 

whpther stricrly legally or not, where the distance saved is appreciable. 

'rhpre are then'fore 1 ikely to bp some points at which counts of pedal cyclists 

arp r·pquired, in order to assE'SS the scalp on which routes available to cyclists 

but not to motor traffic are being used. It may also be appropriate to measure 

accps,; distance'S by pedal cycle for thp samplp of addresses discussed in Section 

4. J separately frum thos,' by motor vehicle. 

4. ~tio~E.~es 

In a well-dpsigned scheme, bU3es will not be rerouted nor stops resited 

in ways which increase either bus or passenger Journey times. Nor will buses 

be required to negotiate difficult road layouts (Department of the Environment, 

1977). Indeed, thE' opportunity may well have been taken to improve access by 

bus to parts of thE' residential areas and to destinations a long the main traffic 

routes in cOflsultCltion with the bus operators (Addenbrooke and others, 1981). 

In any case, the scheme may well affect traffic conditions encountered by 

buse's on the main roads, and there is always the possibility of unforeseen 

difficulties arising for buses at particular points. 

For these r(-"dSOnS it may be appropriate for specific monitoring of 

bus op"ration to take place before and after the implementation of the scheme. 

This can take the form of standard on-bus surveys covering the relevant sections 

of all affected routp;;. In such surveys (Chapman,. Gault and Jenkins, 1976), 

an "[,,:p1"\',,r ,rave ls in E'ach bus and records numbers of passengers boarding and 
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al ighting rlt each stop, the tirnf' spent at eaC!1 stop dnd t imps of passing other 

speci fie pOints on tlk' rout('. From these data I dny cildngt...'s in patronage, numhers 

of people using the vJ.rious stops, average trave 1 t imc' I rcgulari ty, anJ Jelay 

incurred at particllldr points on the route can ,ill bt" estimated. 

This concludes the discussion of monitoring of effects (e)-(k) in Section ~. 

5. USES OF THE RESUL'l'S OF MONITORING 

The methods of monitoring described in this paper, though neither perfect 

nor comprehensive, do enable many of the effects of area-wide safety schemes 

to be identified and in many cases quantified. All of the resulting information 

is potentially relevant to operational assessment of sch·"mes and identification 

of possibilities dn'd requirements for improvements to the design. 

Moreover, mdny of those effects that can be quantified can be summarised 

by means of conventional techniques of economic evaluation (OECD, 1981). In 

current British practice, a partly objective and partly subjective monetary 

vallle is attributed to savings in accidents (Department of Transport, annual). 

Changes in travel-time are also given standard monetary values, and operating 

costs for different types of vehicle are estimated from journey-distances 

and traffic speeds (Department of Transport, allnual). In these ways, the results 

of monitoring can be used to estimate an anntlal net operating benefit in money 

terms at current prices. Annual maintenance costs are subtract~d to give an 

estimated annual net benefit. The ratio of the net benefit in the first year 

to the cost of designing, implementing and monitoring the scheme is known as 

the first year rate of return. This is an appropriate indicator of cost

effectiveness for projects such as this in which most costs are incurred at the 

outset and a fairly steady stream of net benefit can be expected in subsequent 

years. 

Because experience so far with area-wide safety schemes and their monitoring 

is limited, it is not yet clear just which kinds of monitoring are most 

necessary to operational and economic evaluation, or on just what scale they 

will be required in routine application, and in the formulation by local 

authorities of policies for accident reduction and prevention (Institution of 

Highway Engineers, 1980). In order to clarify these questions and to learn 

quickly and effectively by experience, it will be especially valuable for a 

few area-wide safety schemes in British towns to be particularly throroughly 

monitored on the lines describt'd here in the near future. 
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1. SU~~RY AND CONCLUSIONS 
This paper presents the results of a study into the changes 
in the road accidents pattern in the f..lunicipality of The Hague 
(450,000 inhabitants) as a result of a strike by the drivers 
at the Municipal transport undertakinq (7 to 27 May inclusive 1981). 
The aim of the study was to find out; in what manner and, to some 
extent, the degree to which the road accidents pattern can change 
when : 

a. the level of public transport services is reduced; 
b. a shift occurs in the modal split. 

a. A statistical analysis was made of the road accident figures 
for the period 7 to 27 Hay inclusive for the years 1978 to 1981 
inclusive to see whether any shift had occurred in the road 
accidents pattern during the period of the strike. 
Comparison of 1981 with 1978 to 1980 inclusive was the main 
issue. The following conclusions were drawn : 
- There was a significant difference between the number of 

road accidents in 1981 and the number in 1978 to 1980 
inclusive. The number of road accidents in 1981 was 27% 
up on the average number of road accidents between 1978 
and 1980 inclusive. 

- No significant differences were found for the years 1978 
to 1981 inclusive regarding the severity of the road 
accidents, i.e. the ratio of accidents with injury to 
accidents with material damage only did not change 
substantially in the years in question. 

- The number of cars, mopeds and bicycles involved in road 
accidents "Tas clearly greater and the number of buses 
and trams involved in road accidents (naturally) was clearly 
smaller in 1981 in relation to 1978 to 1980 inclusive. 
The differences were all significant. 

- Under the heading of types of collision a relatively large 
nurr~er of road accidents were encountered in which bicycles 
and mopeds only were involved in 1981 in relation tG 1978 to 
1980 inclusive. 

- No major differences were found between the years 1978 to 1981 
inclusive regarding the road situation and the light 
conditions under which the road accidents occurred. 

b. Few data are known on the change in the modal split during 
the strike. 
A very general picture of the change in the modal split can be 
obtained from the traffic counts of cars and of bicycles and 
mopeds prior to, during" and after the strike at 19 locations 
in the municipality of The Hague. 
During the strike there was a very sharp increase in the 
number of bicycles and mopeds (44%) and a less sharp increase 
in the number of cars (10%) observed during the morning and 
evening rush hours. 
No general conclusions can be" drawn regarding the effect of the 
change in the modal split on the change in the road accident 
pattern during the strike. 

2. Introduction 
The Integrated Traffic and 'l'ransport Studies Project Bureau 
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at the Ministry of Transport and Public v10rks recently 
set up a study to measure and analyse the effects of urban 
public transport in the agglomeration of the municipality 
of The Hague (450,000 inhabitants) being withdrawn as 
a result of the strike by drivers at the municipal public 
transport undertaking from 7 to 27 May 1981. 
The aim of the study was to obtain some indication of the 
function of public transport in the urban traffic and 
transport system. The effects that were examined included 
the number of trips, in the choice of destination 
(particularly for shopping), and mode. The study described 
here gives the results of an investigation into the 
change in the pattern of road accidents in the municipality 
of The Hague during the strike. The aim of the road 
accidents is to ascertain in which manner and to some 
extent, the degree to which the ~attern of road 
accidents can change when 

a. the level of public transport services is reduced; 
b. there is a shift in modal choice. 

The set up of the road accidents study is described in 
Chapter 3. The method of amassing and analysing the data 
on road accidents is explain~d and the validity of the 
data used is also discussed. 

Chapter 4 attempts to answer the question of the extent 
to which the pattern of road accidents changed as a result 
of a reduction in the level of public transport services 
during the strike. The results of the analysis which was 
carried out by way of reply to this question are given. 

Can the change in the pattern of accidents be related to 
the change in modal choice during the strike? To answer 
this question the shift in the pattern of traffic 
accidents would have to be related to the shift in totnl 
nwmerof trips or the shift in traffic volume. Since few 
data are known on the shift in modal choice during the 
strike the question is dealt with in Chapter five in the 
form of a discussion. 

3. The Set-Up of the Study 
3.1 Determining the change in the pattern of road accidents 

The road accident figures from 7 to 27 May inclusive 
in the years 1978 to 1981 were analysed to see whether a 
shift in the pattern of road accidents occurred in th.e 
municipality of The Hague during the strike. Apart from 
the particular yea~ attention was paid to the following 
accident factors : severity (relationship between the 
number of accidents with injuries in relation to the 
number of accidents with material damage only), modes of 
transport involved, type of collision, type of road 
situation and light conditions. A statistical analysis 
was carried out to see whether the road accident pattern 
chanaed over the period from 1978 to 1981. One area of 
the study was whether a relationship existed between 
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the following factors : 
a) year x severity 
b) year x type of collision 
cl year x severity x type of collision 
d) year x modes of transport involved 
e) year x type of road situation 
f) year x light conditions. 

A chi-square analysis was used for the a, banc c inter
actions with chi-square values being calculated for 
predetermined sub-effects as well as for the overall 
effect. The Road Safety Research Foundation's \"Ieighted 
Poisson Nodel programme nvPM) was used. 1) 
The d, e and f interactions were ex~_ined with a chi-square 
test in which the overall effect alone was calculated. 

The study was carried out with the aid of road accident 
data recorded by the police. The following points should 
be noted regarding the validity of the data : 
- The number of road accidents recorded by the police 

constitute only a small proportion of the actual 
accidents occuring. Since the method of recording 
road accidents from 1978 to 1981 inclusive did not 
change it is assumed that the data available may be 
used as an aid in establishing whether the road 
accident pattern changed during this period. 

- The strike lasted 'only' three weeks. It would seem 
plausible to assume that a change in the road accident 
pattern can be partially ascribed to the sudden change 
in the traffice picture. If the strike had lasted 
longer the effects might have diminished. 

- Public holidays may affect the road accident pattern. 
Only Whitsun fell between 7 and 27 May in 1978; in 1979 
only Ascension day; in 1980, Ascension day and 
Whitsun and in 1981 neither Ascension day nor Whitsun. 
The effect of these public holidays on the road accident 
pattern was not taken into account in the study. 

3.2 Determining the effect of a change in modal choice 
on the change in the pattern of road accidents 

As yet little is known about the change in modal choice 
during the strike. A very general impression of the 
change in the modal split was obtained with the aid of 
the traffic counts of private cars and of bicycles/mopeds 
prior to, during and after the strike at 19 locations 
throughout The Hague. In view of the limited data available 
an attempt is made in Chapter 5 by way of a discussion 
to relate the change in modal choice to the changed pattern 
of road accidents during the strike. 

1) Log-linear models for weighted figures (in Dutch) by 
de Leeuw and S. Oppe (SWOV) 
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4. Results of the road accidents study 
4.1 General 
Table 4.1 gives the road accident figures arranged according 
to accident with injury and accident with material damage 
only between 7 to 27 May in the years 1978 to 1981 
inclusive that were recorded in The Hague. 

1978 1979 1980 1981 

Injury accident 156 144 142 175 

Material damage only 644 803 703 928 

Total recorded 800 947 845 1103 
-

Table 4.1 Number of registered road accidents by injury 
and by material damage only between 7 to 27 May in the 
years 1978 to 1981 inclusive in The Hague. 

A chi-square analysis was performed to see whether 
the number of road accidents in 1978, 1979, 1980 and 
1981 differed significantly (Appendix 1); chi-square 
values were calculated for predetermined sub-effects 
as well as for the overall effect, using the Road Safety 
Research Foundation's Weighted Possion Model (WPf1). 
The difference in t2e years referred t~ proved to be 
very significant (x = 58,28;df = 3; x .95 = 7,82). 
The main factor was the high number of road accidents 
in 1981 (i.e. during the strike) in relation to the 
years 1978 to 1980 inclusive. The sub-effect in 1979 
in relation to 1978 and 1980 is also significant (nore 
road accidents in 1979) but this is of a smaller order 
than 1981 in relation to 1978 to 1980 inclusive. 

At the same time the severity of the road accidents 
(Le. the number of accidents with injury as opposed 
to accidents with material damage only) was examined 
to see if this had changed over the years (see Appendix 1). 
No significant differences were observed for the years 
1978 to 1981. 

4.2. Collision analysis 
In the collision tables the accidents are classified 
according to the parties involved in the collision. This 
has been done in tables 4.2 and 4.3 for the total number 
of recorded road accidents and the total number of recorded 
accidents with injury in the period from 7 to 27 May 
and for the years 1978 to 1981 inclusive in The Hague. 
For example it can be seen in table 4.2 that 65 accidents 
occurred between private vehicles and bicycles in the 
period in question in 1981. 
The explanation for the number of buses and trams involved 
in road accidents in 1981 not being zero is that coaches 
and regional buses were operating. 
Another statistical analysis was carried out with the aid 
of the WPM (Appendix 1) to see whether there was any 
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connection between the factors year x severity x type 
of collision. As in Section 4.1 a distinction was made 
by year and by severity of accident in terms of injury 
or material damage only. The type of collision was 
classified into the following five combinations 
(cc), (cb + cm), (cp + co), (mm + ~b + bb), (mp + mo + 
bp + bo) 
c car 
m moped 
b bicycle 
p pedestrian 
0 other 

There was a very .significant difference in t~p. severity 
of the aCzident and the type of collision ex = 548.86; 
df = 4;x .95 = 9,49), but the2relationship did not 
a~ter in the various years Lx = 18.22; df = 12; 
x .95 = 21.03). 
The connection2between type of coll;sion and year is just 
significant (x = 21.04; df = 12; x~ 95 = 21.03). 
The relationship can almost be totally ascribed to the 
difference in 1981 in relation to 1978 to 1980 inclusive 
between the number of road accidents involving bicycles 
and mopeds only (mm + mb + bb) and the number of accidents 
between bicycles and mopeds on the one hand and pedestrians 
and other on the other (mp + mo + bp + bo) • 

4.3 Analysis of the modes 
Table 4.4 gives tlie number of cars, buses and trams, mopeds 
bicycles and pedestrians involved in the traffic accidents 
recorded between 7 to 27 May in the years 1978 to 1981 
inclusive. The explanation for the number of buses and 
trams involved in 1981 not being zero is that coaches 
and regional buses were on the roads during this period. 

1978 1979 1980 1981 

car 1195 1433 1303 1752 

bus + tram, 31 47 46 11 

moped 85 82 65 100 

bicycle 71 87 76 114 

pedestrian 37 32 32 28 

Table 4.4 The number of cars, buses and trams, mopeds, 
bicycles and pedestrians involved in road 
accidents recorded in the period from 7 to 27 May 
in 1978 to 1981 in The Hague. 

A chi-square test was used to see whether the number of 
cars, buses and trams, mopeds, bicycles and pedestrians 
involved in the registered road accident figure charged 
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in the course of the years 1978 to 1981 inclusive 
(see Appendix 2). The trend has not been taken into 
account. 

Apart from the pedestrians significant differences 
were found for the modes of transport given. The number 
of cars, bicycles and mopeds was higher than expected 
in 1981 and the number of buses and trams (naturallv) 
was lower than expected. -

4.4 Analysis of the road situation 
Table 4.5 gives ~he number of road accidents recorded 
between 7 and 27 May in ~he years 1978, 1979, 1980 and 
1981 by road situation in which the accidents occurred 

1978 1979 1980 1981 

straight 361 468 389 548 

junction 257 304 290 357 

XjY-junction 152 136 142 176 

roundabout 11 17 13 5 

bend 19 22 11 17 

total 800 947 845 1103 
----------------- - '------ --------.----.~~---

Table 4.5 Number of road accidents recorded between 
7 to 27 May inclusive in the years 1978, 1979, 
1980 and 1981 by road situation in The Hague. 

The hypothesis that the number of registered road 
accidents by road situation differed for the years 
1978, 1979, 1980 and 1981 was refuted with the aid 
of a chi-square test. This means that no relation 
was found between the road situation and the year. 

(Appendix 3) 

1978 1979 .1980 

daylight 683 795 713 

darkness 104 127 117 

dusk 13 25 15 

total 800 947 845 

1981 

941 

143 

19 

1103 I 
Table 4.6 The number of road accidents recorded bebleen 

7 to 27 May inclusive in the years 1978, 1979, 1980 
and 1981 by light conditions in The Hague. 
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4.5 Analysis of light conditions 
The number of road accidents recorded between 7 and 27 May 
in the years 1978, 1979, 1980 and 1981 arranged according to the 
light conditions at the time of the accident - daylight, darkness, 
dusk - is given in Table 4.6. 
The hypothesis that the number of registered road accidents 
arranged according to light conditions differed in the years 
1978, 1979, 1980 and 1981 was refuted with the aid of a 
chi-square test (Appendix 4). This means that no relation 
was found between light conditions and the year. 

5. DISCUSSION 
To relate the shift in the road accident pattern to the shift 
in the modal split during the strike an idea will have to be 
obtained of the relationship between the number of road accidents 
and the tot:3.l m:lI!ber of trips jtraffic volume by !'lode prior to, 
during and after the strike. 

During the strike, public transport users either chose another 
mode or did not make any trips. However, little is known as yet 
about the changed modal split during the strike. Only the traffic 
counts at 19 locations throughout The Hague provide a rough 
picture of the changes in the use of cars, bicycles and mopeds 
during the strike. The counts took place in April, May 
(during the strike) and June 1981. 

Table 5.1 gives the sum of the cars and bicycles and mopeds 
in the morning and evening rush hours in April, May and June 1981. 

April I-1ay June 
(during the strike) 

cars 31946 33895 29581 

bicycles + 9710 15642 11877 
mopeds 

Table 5.1 Traffic volumes at 19 locations throughout the 
municipality of The Hague in the morning and evening 
rush hour in April, May and June 1981. 

It is assumed that the lower figure for cars and the increase 
in the figures for bicycles and mopeds in June in relation 
to April can be ascribed to seasonal influences. The expected 
traffic volume for May can be calculated as given in Table 5.2. 
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expected volume 
in May 

actual volume 
in May 

Difference 

31946 + 29581 
2 

Bicycles + mopeds 

30764 33895 10% 

expected 
in May 

volume actual volume 
in f.1ay 

Difference 

9720 + 11877 
2 

10794 15642 44% 

Table 5.2 Determination of difference between actual and expected 
number of cars and bicycles and mopeds in May 1981. 

The extremely high figures for bicycles and mopeds at the 
count locations in May in relation to the averages for April 
and June stand out. It is assumed that the high figures for 
bicycles and mopeds in May can partly be ascribed to the favourable 
weather during the strike but the main reason will have 
to be sought in the fact that public transport users on 
the whole switched to the bicycle during the strike. 

If it is assumed that the higher numbers of road accidents 
in the period 7 to 27 May inclusive in 1981 in relation to 
1978 to 1980 inclusive can be ascribed to the changed traffic 
picture during the strike, then it is an obvious step to 
relate the road accident figures to traffic volume. 
A difficulty here is that only rush hour data on traffic 
volume have been gathered. The increase of 44% in the 
number of bicycles and mopeds would be lower if the data 
had been gathered on a 24-hour basis. Because it is not known 
which of the road accidents took place during the rush hours 
it is not really possible to relate the road accident figures 
to the traffic volume. 
A number of data have been listed together in Table 5.3 to give 
a general picture. 
The table indicates the change in the number of accidents 
with injury between cars, between bicycles and mopeds and 
between car and bicycles and mopeds in 1981 in relation to 
the average for 1978 to 1980 between 7 and 27 May inclusive. 
The data have been taken from Tables 4.2 and 4.3. 
The product of the volumes has been taken as a measure of 
the number of encounters between these modes of transport. 
The change in the product of the volurr~s in May 1981 
in relation to the average for April and June 1981 is also 
given by type of collision in Table 5.3. The data have been 
taken from Table 5.2. 
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APPENDIX 1 

Overview of the tables produced with the aid of the Weighted Poisson 
Model method: 

I year 
11 year x severity 

year x type of collision 
year x collision x severity 

Design matrices used: 

Year l. 1981 +--1978 
2. 1979 ~1978 
3 . 1978 ~1980 

+ 1979 + 1980 
+ 1980 

severity l. injury ~ material damage only 

type of 
collision l. 

2. 
3. 
4. 

c = car 
m moped 
b bicycle 
p pedestrian 
o = other 

Appendix 1 continued 

(cc) + (ep, 

(cc) 
(cb, cm) 
(mm, mf, bb) 

co)~(cb, cm) + (mm, rnb, bb) + 

(mp, mo, bp, bo) 
~(cp, co) 
~(ll1P.'., mb, bb) + (mp, mo, 
~(mp, mg, bp, bo) 

bp, bo) 

ighthand chance sub-effects 
Table effect chi-square df pf2being outside significance 

.95 effect standard 
score 

I year 58.28 3 7.82 % 1 6.86 
2 3.46 
3 1.11 

II year x 
severity 2.47 3 7.82 -
year x 

type of 
collision 21.04 12 21.03 * 1 4 2.76 

year x 
type of 
collision 
x severity 18.22 12 21.03 -

* : s~gn~f~cant - : not sign~f~cant 
Only the significant sub-effects have been indicated. The figures show which sub-effect 
indicated in the overview of the design matrix used is referred to. The calculated 
standard score for the sub-effects given must be compared with the 5% chance of being 
outside the normal distribution; the value for this is + 1.96. 
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Appendix 2 Chi-square; year x vehicle or person involved 

car 

bus + tram 

moped 

bicycle 

pedestrian 

lI: 
o 
E 

significant -
Observed 
Expected 

978 - 1980 1981 

0 E 0 

3931 4262 1752 

124 101 11 

232 249 100 

234 261 114 

101 97 28 

not significant 

Appendix 3 Chi-square year x situation 

r: t-; a i ~~~--- --

I j .mct.ion 

X/Y junclion 

rouPdnbnut 

bend 

Total 

2 
y = 7.18 

197B 

---~---o E 

361 382 

257 262 

152

1
131 

II 10 

19 15 

BOO 

O-E 

-21 

-5 

+21 

+l 

t4 

----
1979 

--~-----

0 E O-E 

468 4~,3 +IS 

301 309 -5 

136 ] 55 -19 

17 12 +5 

22 18 +4 

947 

---------
1980 

-
0 E 

389 404 

290 276 

142 139 

13 10 

11 16 

1----

845 

O-E 

-15 

tl4 

;) 

+3 

-5 

---~------

df 12 

1981 

(j E (j-F, 

548 527 +21 

357 361 -4 

176 181 -5 

14 -3_ 

17 20 -3 

1103 

E O-E 
2 

X df 
2 

-X .35 

1421 331 102.81 1 3.84 

34 23 21.8 1 3.84 

83 17 4.64 1 3.84 

87 27 11.17 1 3.84 

32 4 0.66 1 3.84 

-----
total 

1766 

1208 

606 

46 

69 

3695 

sign 

!t 

I 
1 

!t 

!t 

!t 

-

not significant Apl,,,,ndix 4. Chi-quadrate year x light condi tions 

o Observed 
E Expect.ed ! 

i 1978 

----- -----~ ~-. 

daylicht 683 678 

darkness 104 106 

dusk 1-3 16 

--
800 

1 ~ 4,19 

not Significant 

o = Obsetved 
E = Expected 

124 

1979 

O-E 0 E 

+5 795 803 

-2 127 126 

-3 25 18 

947 

df = 6 

--
1980 1981 Total 

-~- --- ---
O-E I-~ ~ 0- 0 E D-E 

'--------

-8 713 716 -3 941 93'\ +6 3132 

+1 117 112 +5 143 147 -4 491 

+7 15 17 -2 19 21 -2 72 

845 1103 3695 
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INFLUEKCE SUR LA SECURITE ROlTIERE DE LA MISE EN PLACE DES 
PLANS DE CIRCrLATION DANS LES VILLES 

A. DOUVIER - CENTRE D'ETUDES DES TRANSPORTS rRBAINS 
(FRANCE; 

Face I l~~mentation croissante des diplacements 
dans les villes et aux nuisances 
qui en resultent, l'Etat a lanc~ au debut des annees 
1970 un programme ~e plans de circulation dans les vii_~ 
de plus de 20.000 habitants pour inciter les Collecti
vitis Locales I rechercher et 1 mettre en oeuvre des 
solutions immediates. 

Le plan de circulation vise trois objectifs 
fonda~entaux : (I) 

- ameliorer les cDnditions de circOlation et de fluidite 
du trafic 

- reduire les accidents urbains 
preserver et meme ameliorer les conditions d'environnement. 
en reduisant les nuisances dues au trafic et en creant 
des zones particulierement accueillantes et propices aux 
echanges. 

11 s'agit de lirer le meilleur parti des 
infrastructures existantes en utilisant des moyens reglempn
taires d'organisation de la circulation et des moyens 
techniques d'equipements des cr-aussies (2) au niveau de la 
ville. 

Pour assurer s~n rBle incitatif, lrEtat apporte 
une aide financi~r~ en participant aux depenses qui portent 
a la fois sur les etudes et sur les equipements entrant 
dans le cadre des plans de circulation. 

Sept ans apres le lan.emETIr du programme, un 
bilan "securite" des plans de circulation mis en placf· 
a ~tf realise au n£v~Hu d~ la Fran~r entilre. L'objet de 
la presente communication est de fournir la methodo10gie 
utilisee et les principaux risultats obtenus. Cette etude 
a iti effectuie par le Cent~e d'Etudes Techniques de 
l'Ec;uipen.ent de ROL'EN en 1978-1979 0). 

2 - La .eth~d~ogie repose aur l'evolution comparative 
accidents corporels selon les differents types de 
villea aur une periode de 8 ans et aur la recherche 
correlation entre les ecarts observes dans les 
evolutions ci-dessus et les coGts d'inveatissements 
plans de circulation (y compris la participation de 
l'Etat). 

des 

de 

des 

2. 

L'etude a porte sur l'ensemble des vi lIes de plus 
de 20.000 habitants (I l'exclusion de celles situles en 
Region Parisienne qui ant dG etre eliminees pour assurer 
la meilleure coherence possible). 

Parmi ces 226 villes. 66 avaient obtenu une parti
cipation de l'Etat dans le cadre des plans de circulation 
avant 1978. Une enquete locale aupres de ces dernieres a 
permis de definir le .ontant total des investissements 
realises chaque annee (il existe un decal age entre le 
deblocage des credits et la date de realisation des 
equipements) seIon le type d'amenagement (amenagement de 
carrefour, signalisation, regulation, amenagements 
pietonniers, autres actions). Des reponses completes ont pu 
etre obtenues pour 52 villes que nous designerons par 
villes ayant utilise des subventions "connues" par opposition 
aux 14 villes ayant utilise des subventions "inconnues". 

Parmi les 160 villes n'ayant pas recu de subvention 
de l'Etat. on a elimine 21 villes importantes qui ant 
beaucoup investi sans l'aide de l'Etat pour traiter certains 
de leur probleme circulation. 

Les 139 villes restantes, non subventionnees et 
n'ayant pas investi, on constitue le groupe de reference, 
c'est-I-dire ee qui aurait du se passer si le programme 
des plans de circulation n'avait pas ete lance. 

3 - Une partition en 4 strates des villes a done ete 
obtenue et une exploitation speciale du fichier national 
des accidents corporels a fourni le nombre d'accidents, 
de tues, de blesses graves et de blesses legers pour 
chacune de ces 4 strates et pour chaque annee (de 1970 
I 1977). Ces m~mEs dannies ont ete egalement sorties 
individuellement pour chacune des 52 villes de la premierE 
strate. mais les essais d'analyse au niveau d'une 
ville isolie n'ont jamais permi~ de conclure. 

4 Le tableau ci-apres donne I'importance de 
l'echantillon et l'evolution du nombre d'accidents corporels 
entre 1970 et 1977 pour ehacune des 4 strates 

...... de 1 % .'ac".i ... - Accident. corpore1s 
"ill~. ~I'nt dl' la 

5TIA1£ populat.ion de lo.bre lad i c. lnd ice 
,968 1 1975 

1970 1910 1911 

1. viii ... a".lot 
ut i 11." Jr,. \~ + 2." % 13.200 100 

"1 subv .. "t l~'O" 
"Colnnu.,!/. .. .- , 
1.. V i I I,"!II .i ~ .In t 10J.1 '. 
ut i 11 S~ dO'S 

" 
• 1t.2 % S .400 100 

lubvlI'nt i.o", 
.. i n. "onu ... "''' 

1. V I11 "'. n.-n 
lub\'rnt ">tIn .. ,",, 21 4.1 % 18.600 100 "'. 'I avant I n\" .... t I 

119.~ 

4. V I Ill'" n.'1I 
lIuhvt'nt 1,'III1"l.'lI I)' .. 6,*, 1: 18.600 100 123.1 
~t n'dV,tnt p31 

H1V"1!'ri 

En ... bl. ~rl!. ~I . 4.4 % 1).100 100 ,108.2 
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3. 

Malgre l'evolution legerement differente des popu12-
tions selon les Btrates, I'etude met en evidence une difference 
significative entre l'evolution des accidents corporels. 

Le lancement du programme de plan de circulation 
en 1971 aura done permis d'eviter environ 10.000 accidents 
corporels en 1977 dans les villes de plus de 20.000 habitants. 

5- L'analyse de l'evolution de la gravite des accidents 
(nombre de tues, nombre de blesses graves) par strate n'~ 
pas permis de conclure de maniere significative. 

6- Les ecarts ainsi mis en evidence peuvent etre correles 
avec le montant des investissements realises. Divers~s 
correlations ont ete testees en jouant sur la reference 
(strate 4. ou strate 3 + 4), sur les vi lIes subventionne~, 
(strate I ou strate I + 2) en introduisant soit les 
donnees annuelles, soit les donnees cumul~es depuis 1970. 
Les meilleures correlations (coefficient de correlation 
ega1 ou superieur a 0,98) sont obtenues en decalant d'un 
an les ecarts entre accidents corporels par rapport aux 
investissements : ceei se justifie par le fait qu'un 
investissement realise en cours d'annee n'est pleinement 
pr0fitable que i 'annie suivante. 

Toutes ces correlations semblent indiquer qu'un 
investissement de 10 Millions de francs entraine une 
diminutinn d~ ~ombre des accidents corpore Is de l'ordre 
de 2 X. 

7 - Un bilan economique sommaire sur les villes de la prem~ere 
strate montre enfin que le gain obtenu par la reduction 
des accidents (cout des accidents corporels en valeur 
1975) depasse Iargement les investissements realises 
(plus du double). 

8 - En conclusion, le bilan des plans de circulation est 
tres nettement po.itif en ce gui concerne la aecurite 
routiere. Ce resultat est d'autant plus remarquable que 
dans les etudes des plans de circulation et dans 
I'etablissement des projets, on ne sait pas tres bien 
comment prendre en compte les problemes de securite d'une 
maniere globale. 

4. 
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1. Introduct ion 

EFFECTS ON ACCIDENTS, 

ELIMINATING THROUGHTRAFFIC 

OF CARS IN CITY AREAS r1. 't Hart 

Reducing traffic-accidents in towns is a part of improving environment. 
In the post war period the town was overcrowded with cars (fig.1) 

streetparking 

I 
200.000 : 

150.000 

100.000 

50.000 

/ 

// 
--------// 

i 1111111 i 1IIIII1IIII11 H+j 

1955 1960 1965 1970 1975 1980 

fig.1. Number of cars parked overnight on the streets of Amsterdam. 

The face of the public space changed considerably. 
The car dominates in the town in size, noise, airpollution and in danger, but 

not in quantity. 
As an example, the total number of moving people in the whole public space of 
the built-up area of Groningen (30 square kilometers, 165.000 inhabitants) is 

given for two moments on a working-day in 1975. 

• estimation ~edestrians moped/ persons bus total 

bicycle per car:. 

3.30 p.m. 8.100 3.200 4.900 1.300· 17.500 

5.00 p.m. 9.700 4.700 6.000 1.800· 22.200 

table 1. Number of moving people in Groningen at an off-peak and a peak moment 

in 1975. 

-2-

Less than one third of the moving people used the car, whereas the shape of the 

public space suggests a domination of the car. 

In the Netherlands the central Government is now stimulating priority in the 
towns to pedestrians, bicycles and public transport. 

Within the scope of a restoration of the balance between the available space for 
the different means of transport, in towns, the aspect of traffic-accidents will 

be treated in this paper. 

2. Traffic--injuries in built-up areas 

In the built-up areas in the Netherlands, 123041 injuries were registrated in the 

three years 1978, 1979 and 1980 together. 
In table 2 the accidents have been divided in persons with injuries using different 

means of transport. 
Per vehicle-catagory the accidents are divided in: 
- Single, not direct in contact with another moving person 
- double, in contact with one other moving person 
- complex, in contact with more than one moving person. 

car motorscooter moped bicycle pedestrian total 

single 7.734 1.307 7.177 5.078 11 21. 307 

double 17.624 4.054 26.866 23.574 14.142 86.260 

compl ex 8.821 693 2.047 2.179 1.734 15.474 

total 34.179 6.054 36.090 30.831 15.887 123.041 

table 2. Number of injuries per means of transport in the built-up areas in the 
Netherlands during 1978, 1979 and 1980. 

To get any idea about the chance of an injury per time-unit, figures of table 1 

are divided by those of table 2 roughly assuming that; 
- the numbers of moving people from table· 1 af 3.30 p.m. arc representative for 

the average moment of the day; 
- the Groningen figures are representative for all built-up areas; 
- 1/6 of the total moped/bicycle-traffic is moped. 
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car !"aped picycle E.edestrian 
- tatal injuries in 

all built-up areas 34.179 36.090 30.831 15.887 

- moving persans at 
3.30 pm in Graningen 1f.900 530 2.670 8.100 

Ratio. 7.0 68 11.5 2.0 

Or 3.5 34 5.8 

table 3. Ratio. chance an an injury per time-unit 

The figures af table 3 have hardly statistic value. Nevertheless is illustrated 
how different the chances an an injury might be USing, during a certain time
unit, the different means of transpart. Particulary it is dangeraus to. drive a 

maped. 
Ratias af chances on an accident are mastly given per distance. If lifetime as 
such shauld be appreciated mare than the cave red distance in a lifetime, the time 

ratio. might be mare interesting. 

Ta arrive at a suggestion avaiding accidents the number af 86260 injuries in the 
built-up areas in the Netherlands are split-up in the cantacts af the injured 
people per means o.f transpart with all different means af transpart. 

j njured in 

collission 
with 

car, motor or 
scooter 

other 

total 

car, mator or scooter 

19.793 

1.855 

21. 678 

ather tatal 

50.899 70.692 

13.683 15.568 

64.582 86.260 

table 4. Injured motorised (excluded moped) and nan-motorised (included moped) 
people divided in collissians with matorised and ather people. 

Table 4 shows that in the majority of the injuries (84%) the matorised traffic 

is involved. 

-4-

Would the matarised traffic be tatally separated fram the ather traffic, the 
number af injured in the catagary "ather" shauld at least reduce with 50.899 (59%). 
The number af injuries between ather/ather and car/car will be, far a part, caused 

by the camplexity af the mixed traffic. 
Camplete separatian between motarised and nan-matorised traffic wauld give a reduc
tian af mare than 59% af all injuries. 

Camplete separatian af matarised traffic autside the built-up areas and incidently, 
inside the built-up areas, has had already a successfull effect. 

Camplete separatian af matarised traffic inside the existing built-up area is 

hardly appartune. 

The fallawing part af this paper deals with the passibillities and effects af 
partial separatian af matarised traffic in built-up areas. The suggestian is; 

- use the main arteries mainly far the cars; 
.- avaid thraugh-traffi c af cars in the areas between the mai n arteries; 

supply bicycle, pedestrian and publictranspart facilities off the main streets 

within the areas. 

These suggestians reduce the unhampered two dimensianal freed am of matorised 

traffic: the trip ends, entering an area. 
In general hardly any quantitive prablems arise. In general the number of cars 

using dwelling-streets is law. 
The few cars passing through dwelling-areas can be added to. thase on the main 

arteries. 
The main arteries can handle mare capacity, when pedestrians, bicycles and pu
blic transpart cauld be reduced at the main raades, crassing the main arteries 

between the main nades. 

3. Thraugh-traffic af cars in the innercity 

~~!~_I~~_~~~!Qr:~~~!~~ 

In the years 1960-1980 it became clear, that with traffic-re.gulatians and parking
facilities the cities cauld nat be equipped to. handle the ultimate car--ownership 

and car-traffic. 
The traffic-valumes af cars in the streets stapped grawing in many cities, whereas 

autside the cities traffic-valumes increased yet. 
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A countermovement started. Already in 1960, through-traffic of cars had been eli
minated in the innercity of Bremen, applying the sector-system. 
During the next years Gothenborg, Nottingham, Besan~on, Nagoya and Groningen did 
about the same. Many other cities took other measures to relieve the dominance of 
the car in the innercity with more or less effect. 
The effects of the sectorplan on injuries amounted for the innercity of Gothenborg 
to 50% reduction in the C.B.D. and 25% in the ring around. 

~~f~_@rQ~i~g~~ 

3.2.1. The sectorplan and some figures 
Groningen will be treated as a possible example for an area-wide evaluationprocess 

of measures reducing accidents in an innercity-area. 
In 1977 the sectorplan was introduced. 
In the innercity (about one square kilometer) a north-south and east-west barrier 

for the car was introduced (fig. 2). 
The car-traffic with a destination in the innercity could reach their destination 

via the ring. Further trips were only possible, going back to the ring. Through

traffic of cars was eliminated. 

The average number of cars moving on the roads of the innercity at one moment 
(3 p.m.) of a working day in 1976 and 1978 has been given in table 5 and figure 

3 and 4. 

1976 1978 

the core 37 6 

within the ring (included 
the core) 302 168 

on the ring 268 415 

included the ring 570 5~ 

table 5 Moving cars at 3 p.m. moving in the innercity 

The total number of cars in the innercity (included the ring) before and after the 
introduction of the sectorplan, remained about the same. 
In the core of the innercity (the marketplaces) a sharp decline of car-use was ob

served (from 37 to 6) 

figure 3 
Number of cars moving at one 
moment, averaged over 20 
workdays at 3 p.m. autumn 
1976 in the innercity of 
Groningen. 

figure 4 
Number of cars moving at one 
moment, averaged over 20 
workdays at 3 p.m. autumn 
1978 in the innercity of 

Groningen. 

-6-

.0 . : 

...... . .... o 

o· . 

, ~.':. c.~··: : ... ". .... : .. ~ .'. 0 :: .. :~l)" .... . 
. .... 

\to . c::J. • • . " 

..... 

ff-,..~ ->:: :: -:--- --- ---:-;"J :-: -: t.~ .. ' ~ .... -.. '. .' . .... ;: -/ --- :---:-'-~i~i:: :-- -: ---: § 



jooooI 

~ = 

-7-

Within the ring a fall of 43% was been observed (from 302 to 168). 

The relocation of the car had an effect on the ratio of the numbers of pedestrians 
and cars. In table 6 the ratio of the number of pedestrians per one moving car has 
been given per part of the innercity, before and after the introduction of the 

. sectorplan. 

the core 
between the core and the ring 

within the ring 
on the ring 
the innercity included the ring 

1976 

22 

8 

10 

3,1 
6,6 

table 6 Number of pedestrians per one moving car. 

The main conclusions, derived from the table are; 

1978 

153 
10 

15 
0,9 
7,1 

- at the main pedestrian--concentration, the core, the car is yet allowed but the 

pedestrians determine the climate on the public space; 
- between the core and the ring the number of pedestrians per one car enlarged 

a bit. In that area the destinating car-traffic is playing yet an important 

role. The congestion has been eliminated; 
- on the ring the ratio pedestrian/car diminished from 3.1 to 0.9. The ring 

handled 55% more cars and a considerable part of the pedestrians stayed away 

from the ring. 

3.2.2. Injuries 
As has been described in paragraph 2, the car is most involved in injuries. 

Table 5 shows that the number of cars moving on the streets of the innercity with

in the ring diminished from 302 to 168. 

A simple expectation would be that the number of injuries should go down some

ting less than proportional. 
The number of injuries amounted in the year 1976 (before introduction of the plan) 

to 65. 
In 1978, 1979 and 1980 resp. 55, 41 and 59, and estimated for 1981: 50. 
On the ring the number of injuries amounted in the year 1976 to 58. In 1978, 1979 
and 1980 resp. 56, 62 and 31 and estimated for 1981: 41. 
The cartraffic on the ring increased with 55% (table 5). 

-8-

According to the above mentioned simple expectation an increase of injuries on the 

ring should be likely. Nevertheless, the first two years after the introduction of 

the plan the number of injuries remained about the same and in 1980 a sharp decline 

was observed. 

~t~~t~~~i~ 

Within the ring the road-space for the car remained about the same, whereas the 
congestions have been eliminated. The lower level of the cartraffic, like a 
alternative current, caused alternate empty streets and streets with moving cars. 
The pedestrians and the cyclist used the space for the car, insufficiently 
aware of the dangers. Possibly, the subjective feeling of safety enhanced the 

chance on accidents. 

- On the ring the public space was more labelled as an area for the car. Pedestrians 
and cyclists took, after the introduction of the plan, for a part other routes. 
The remaining vulnerable participants in traffic ~/ere at every moment, due to 
the always present cars, confronted with their danger. Possibly the subjective 

feeling of unsafety diminished the chance on accidents. 
These are only hypothesis. A scientifical analysis might help to discover, 

whi ch measures \10ul d reduce accidents. 

~~~~_~_~~~~i~~9_~~~~~i9~:_~~9_~~~~~t~9t 

In paragraph 2 was concluded that complete separation between motorised and non
motorised traffic would lead to a considerable decline in accidents. This conclu
sion is sufficient to start a policy that tends to separation. Complete separation 
in existing cities is not a realistic aim. In practice only more or less separation 
as applied e.g. in Bremen, Gothenborg, Nottingham, Besan~on, Nagoya and Groningen, 
are opportune. The effects on accident-reduction are in Groningen not as clear as 

in Gothenborg and Nagoya (see par.4). 
But it is a realistic premise that the high rate of accidents in cities is closely 

related to the mixing-up of all means of traffic. 
In the struggle for better cities, in this case, less dangerous cities, possihili
ties are present. No costly infrastructural projects but small, precise and scien

tifical well-considered operations are necessary. 
The main premise to go into such a policy is an objective thoroughly thinking over 
the combined traffic situation. In Groningen, the majority of the politicians could 

operate as root and branche reformers introducing the sectorolan. 
The public opinion, guided by those \~ho believed that the cal' is the only stable 
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thing in a city. are yet now searching for the evil effects of the plan, but they 
can hardly find anything. It is true that the car traffic lost some freedom of 
movement in the innercity. But the politicians showed their positive face concerning 
the necessity to arrive at the innercity by car, planning garages. 
The result is a satisfactory use of the garages, with a slight overcapacity and a 

slight decline of visitors by car to the innercity. 
The public talk searching for evil effects is hampering an objective and construc
tive further planning. Especially the hesitating decline of injuries in the traffic 
asks for more research. This research has to suggest which detailed measures will 

lead to less accidents. 

The following evaluationprocessof accident-analysis of structural measures in 

traffic, as in Groningen, might be constructive; 
- apply structural measures in areas with the aim of a certain separation of motori

sed and non-motorised traffic; 
- registrate during some years, before and after the introduction of the measures, 

the number of accidents; 
- observe, before and after, photo-like pictures of the moving people 

(see appendix); 
- based on the changed traffic-picture presumed accidents are compared with the 

observed; 
- after this overall impression, go in detail especially in case the observed 

data are not analogous with the presumed 
experiments are executed based on expectations. Especcially concerning the gap 
between expectation and reality, que~t.ions arise that have to be answered. 
Studying the changes in the location and the nature of the accidents might 
lead to advises for further detailed measures. Especially broad city-streets 
abandoned by most of the cartraffic need a new face expressing the dominating 

use by the vulnerable traffic. 

4. Through-traffic in dwelling areas 

1~!_~2~el~!~_~~~_e~r!1~1_~~e~r~!!2~ 

Complete separation of motorised and non-motorised traffic took place in the new 

south-east part of Amsterdam. the Bijlmer. 
I~ithout observation can be predicted that the number of injuries of the vulnerable 
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traffic will tend to zero. 
Stevenage (U.K.) had ainly experiences with the bicycle-paths free from the moto

rised traffic. 
Partial separation was applied in Nagoya. Not only the innercity, bus also over a 
wide dwelling area (about 70 square kilometers) the sector-system had been applied. 
The number of injuries reduced with 31% from 4617 per year to 3173. 

1~g_§r2~!~9~~ (30 square kilometers) 

With a kind of brainstorming mixed up with more or less measured anrl estimated data, 
a presumed location of the different means of transport will be related to presumed 

accidents. 
Two catagories are considered: main streets and all other streets. 
Assumed is that such measures have been taken that all over the town the cartraffic 
has shifted a bit from the secondary streets to the main-streets and the vulnerable 

traffic in the opposite direction. 
In table 7 rather accurate figures have been given from the total number of moving 
people (except public transport) at 3.30 p.m. in the built-up area of Groningen. 

persons by car moped/bicycle pedestrian total 

mainstreets 2800 (3800) 1200 (600) 1100 (600) 5.100 

other streets 2100 (1100) 2000 (2600) 7000 (7500) 11100 

v 

tntill 4900 (4900) 3200 (3200) 8100 8100 16200 

table 7 Moving traffic at one moment 3.30 p.m. on main and other stre~ts in the 

built-up area of Groningen. 

Between brackets, a rough estimation of the possible changes at practically optimal 

separation measures, have been given. 

Presumed is, that the number of injuries between two moving people on the main
and other streets is correlated with the products of the number of people moving 

on the streets per means of transport. 

In table 8 a rough estimation of the number of accidents is given (only the total 

number of accidents per year is exact). 
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car non-car I 
-----------------_ .. ----------- --------------I total 

coll isions 
between -7 car moped pedestrian non car 

mainstreets 80 120 12 69 281 

other streets 72 178 65 48 365 

total : 152 I 298 77 117 I 646 I 

table 8 A rough estimation of injuries per means of transport due to collisions 

between two moving persons. 

Now is played with the unscientiffical thinking idea that the number of injuries 
is only related to the product of the number of dashing catagories of traffic. 

For the catagories in table 8 the ratio of the changed products, above mentioned, 
derived from table 7 have been given in table 9. 

car non-car 
-------------.-----------------------------------~----------------

car I moped/bicycle pedestrian non-car 

mainstreets I 38x3~ = 1,8 38x 6 = 0,7 38x 6 = 0,7 12 x12 ----- = 0,3 
28x28 28x12 28x11 23x23 

other streets I J1xll = 0,3 11x26 = 0,3 llx75 = 0,6 J01x101 = 1,3 
I 21x21 21x20 21x70 90x 90 

table 9 Ratio of the changed products of the numbers of dashing catagories of traffic. 

The figures in table 9 are multipl ia:! with the figures in table 8 to arrive at a 

possible reduction of injuries. 
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, car non-car 
._------------------------------------ ----------- total 

car moped/bicycle pedestrian non-car 

mainstreets 147 81 9 19 256 

other streets 20 121 36 60 237 
-

total : 167 202 45 I 79 493 , 

table 10 A possible reduction of injuries. 

According to the calculations above tiurely not in the reality a reduction 

from 646 to 493 injuries should take place. 

~~~_Eir~t_r~~~~r~b;-tb~~-~rQ~Q~~l~ 

It is clear that the exercise above is merely a start thinking about reduction of 
accidents, restructuring motorised and non-motorised traffic in towns. 
Just as the cargirdle has been introduced not knowing all favourable and unfnvou
rable aspects, one has to start collecting all know-how and that will be a lot 
more than discribed above. A thorough evaluation of the existing experiments, and 
comparison of the accidents in areas with unequal mixtures of the means of trans
port has to be executed. After that, proposals for separation of traffic can be 
offerpri. 
Also the new plans need a thorough conduct with evaluation. 
Practice makes perfect. 

5. Separation, not only an accident effect 

In fig. 1 has been illustrated how the car occupied the city as a grassnopper

plague. 
Without denying the functioning of the car in the city, much is possible to re

dress the face of the public space. 
The innercity strongly dependant of the attractiveness, proved to be able to get 
a face-lift, eliminating through-traffic. The innercity became more attractive, 

with parallel consequances for the economy. 

The more must be possible in the dwelling areas. The streets are dimensioned for 
parking. The low level of cartraffic in the dwelling areas can be brought down, 
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eliminating throughtraffic of cars. The overdimensioning of the asphalt pavement 
in the dwelling areas is expressing an isolated gathering; 
- the houses on both sides of the streets have a barrier in between, young chil-

dren are leaf-fit to be afraid of that barrier, close for the door, due to the 
high rate of injuries of young children. 

- the cartraffic itself is expressing isolation, passing eachother \!ithout recog
nising. 

One of the main things the city has to express is not only the living together 

but also the belonging together. 
The Dutch movement to reshape residential precincts in more cosy and quiet surroun
dings (woonerf) is one of the efforts to soften the dominating car-imprint in living

surroundings. 
A few months ago the Royal Dutch Institute of Enginears published a brochure 
"Van woonerf naar \~oonwijk" (from residential precinct to residential area). 
With this paper the reorientation on the public space in a wider area has been 
started. 

~ 
~ It would be of great importance if the responsible people for the accident-analysis 

could contribute facts ans suggestions on their special field in the scope of better 
towns with reorganised traffic. 
Their contribution will be of much more ir'portance than my vague picture. Imagination 
is needed to assume the restructuring of the whole town traffic and arrive at 
scientifically based prognoses about the expected reduction of accidents. 
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CO-ORDINATED TRAFFIC SAFETY STUDIES IN THE NORDIC COUNTRIES. 
EXPERIENCES FROM THE "EMMA" PROJECT 

4-

By: Stein Johannessen Or Ing. 
Study Group 
Division of Transportation Engineering 
The Norwegian Institute of Technology 

ABSTRACT 

This paper is a summary of a joint Nordic traffic safety pro
jeot called EMMA - "Evaluation of the traffic safety effects of 
minor road improvements". The contents include an introduction 
to the organization of the project, a summary of the most impor
tant results, as well as a discussion of the benefits and draw
backs with the research method that is applied in this study. 

1. THE EMMA PROJECT 

1.1 Introduction 

The Emma project ("Evaluation of the traffic safety effects of 
minor road improvements") is a joint Nordic traffic safety study 
of the effects of minor road improvements. The project began in 
1978 and was completed in February 1982. It has been financed 
by the Nordic Ministerial Council. 

One of the main parts of the EMMA project was a concern with the 
implementation of effect studies in four separate studies. The 
results from the four before-and- after studies are summarised 
in this paper. 

The results from these analyses form, in part, the base for the 
other main part of the EMMA project - the preparation of a cata
logue of traffic safety effects from about 35 smaller road and 
traffic control measures along road sections or junctions. 

1. 2 Aim 

There does exist a series of before-and-after studies, and other 
road safety studies that form the basis for such evaluations. 
The results from these studies, however, have not been suffici
ently systematised. The main purpose of the EMMA project has 
therefore been to formulate a catalogue which summarises what 
is known about road safety effects of the various road and traf
fic control measures in the Nordic countries. The Effect Catalogue 
is written primarily for local road authorities to be of use in 
their traffic safety undertakings. 
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1.3 The Project's Contents and Implementation 

Figure 1. Summary of general arrangement for the EMMA investigation 
and completed reports. 

TEE E;·t.\1A PROJECT 

PROJECT PROCRMl 
AND LITERATURE 
SURVEY 

EM~1A REPORT NO 

EFFECT CATALOGUE 
EHMA REPORT NO 7 

~ 

4 EFFECT STUDIES 

SIDE ROAD 
CHANNELIZATION 
S IGNl'.L CONTROL OF 
PEDESTRIAN CROSS
INGS 
COHPULSORY STOPS 

• PEDESTRIAN AND 
CYCLE PATHS 

E~\1A REPORT NO 2-5 

I I t 
SUMMARY REPORT 
Em1A REPORT NO 6 

Figure 1: Summary of general arrangement for the EMMA 
investigation and completed reports 

The most important base for the Effect catalogue has been a litera
ture survey of previously conducted traffic safety studies. The 
main investigations here comprise before-and-after studies carried 
out in one or several of the Nordic countries, together with well 
documented studies from other countries. 

In the project, additional before-and-after studies of four indi
vidual measures have been carried out, based on empirical data 
from the 5 Nordic countries. These measures were selected to sup
plement existing knowledge in areas considered to be of importance. 
These four individual measures for which the results have been 
summarised in section 2, are: 

side road channelization at priority junctions, such as 
the introduction of traffic islands in the side roads 

signal control of pedestrian crossings between junctions 

application of compulsory stop signs at priority 
junctions 

construction of pedestrian and cycle paths separate from 
driving lanes 
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The measures have in common that their application was of interest 
in the Nordic countries when the EMMA Project was set up. At the 
same time, the situation was that there was little concrete know
ledge of the road safety effects of these measures. There also 
were insufficient sites in each country, so that the possibilities 
for effect studies at a national level were limited. 

All these conditions made it appropriate to undertake a joint 
Nordic investigation. 

The EMMA Project was conducted as a joint venture among several 
research institutions and road authorities in individual Nordic 
countries. A summary of the completed reports, and which insti
tutions have carried out the analyses, is evident from the biblio
graphy. The work was headed by a project leader at the Division 
of Transportation Engineering at the Norwegian Institute of Tech
nology. 

:at. THE FOUR BEFORE-AND-AFTER STUDIES 

2.1 Data Base 

The channelization of side roads, signal control of pedestrian 
crossings, introduction of compulsory stops, and construction 
of pedestrian and cycle paths, were selected for closer analysis 
from definite criteria. For all of the four measures, there was 
the requirement that they should be completed during the years 
1970-1977, and that no other major road or traffic control mea
sure was conducted at those places during the study period. Traf
fic counts should, if possible, be given both for the "before 
period" and the "after period" to enable corrections for the ef
fect of changes in traffic volumes. 

In all, the investigation included approximately 500 sites, see 
Table 1. 

Table 1. Total number of sites in the before-and-after studies, 
arranged by country and type of measure 

Side road Signal 
channeli- control of 
zation pedestrian 

crossin9 
Denmark 15 20 
Finland 6 9 
Iceland 0 17 
Norway 23 20 
Sweden 9 A" 

Compulsory 
stop 

9 
56 

4 
21 

Pedestrian Total 
and cycle 
paths 

~-----n 

75 146 
o 21 

95 159 
~~ 19 108 

Total 531 ) 1122 ) 124 218 507 
1) 27 sites with no accidents in both the before period and the 

after period, are not analysed or included in this total. 
2) 16 sites of the same kind as described in 1) 
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It is evident from the table that the number of sites for the 
different measures were unevenly dispersed in the separate count
ries. This fact can have a certain significance for the achieved 
results. 

The conclusion, however, is that overall, quite comprehensive 
material has been provided for the four measures. Data on design 
and other factors have, to some extent, provided a basis for evalu
ation of how the accident reduction effect varies with such factors. 
This is summarised in subsection 2.4. 

2.2 The Accident Material 

The four effect studies are based on police-reported accidents 
involving personal injury. The accident material from Finland, 
Norway and Sweden also include some accidents with only material 
damage, but these were not included in the analyses. 

For each separate measure within the four groups, accidents are 
registered in a "before period" of 1-5 years and in an "after 
period" of 1-3 years. In most cases, each period comprises a 
complete calendar year. But accidents that occured in the year 
the work was carried out, are omitted from the analysis. 

2.3 The Control Material 

In calculating the safety effects of the four measures, control 
material has been used. This has made it possible to correct for 
different lengths of the "before period" and the "after period" 
and for the general accident trends. This means that, as far as 
possible, there have been corrections for the effect of conditions 
such as changes in general speed limits, alterations to traffic 
volumes, altered safety belt use and other external factors. 

It was up to the individual countries to select the most suitable 
control material. Therefore, there are large variations from 
country to country, but it is supposed that this factor has no 
significance for the conclusions that are drawn. 

2.4 Results 

The most important results from the four befo~e-and-after studies 
are summarised in Table 2. It is shown that for all the measures, 
clear positive effects were found, especially for the accident 
types they were primarily intended to influence. 
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Table 2. Summary of results from the four before-and-after 
studies. 

Measure 

Side road 
channelization 
(53 junctions) 

STgnarcontrol 
of pedestrian 
crossings 
(112 sites) 

Compulsory stops 

(124 junctions) 

Pedestrian and 
cycle paths 
(218 sites) 

- 7% (T-junctions) 

- 49% (crossroads) 

- 20% 

- 38% (T-junctions) 

- 45% (crossroads) 

- 14% 

Special effects 

Accidents w1th cars 
coming from the side
road are reduced by 
60% 
Pedestrian accidents:-35% 
Other accidents: - 8% 
Fatal accidents are re
duced from 10 to 2 
Best effects are found 
for crossings on broad 
main roads with pedestri
an refuges 
Accidents with cars com
ing from the side road 
are reduced by 65-70%. 
Best effects are observed 
when a large part of the 
traffic is coming from 
the side road 
Pedestrian accidents:-37% 
Bicycle accidents: -44% 
Other accidents: small 
changes 

What is indicated in the table is the observed effects, which 
means that the so-called "regression-to-the-mean" effect can com
prise a larger or smaller part of the effect that is observed. 
It has not been possible to enumerate the extent of the regres
sion-to-the-mean effects in the EMMA Project and the consequences 
of this are discussed more fully in section 4~ 

The analyses showed some variations from country to country. Exam
ples where the variation was smallest are shown in Figures 2,and 3. 

The differences can be due to circumstances or variations in the 
use and design of the measures. The data material has mainly been 
too limited to explain the differences. Therefore, the average 
effects are considered to be of primary importance. Conclusions 
about the effect of factors connected to the design and control 
are also based on analyses of the overall material. 

3. 

3.1 

THE EFFECT CATALOGUE 

Contents 

The Effect Catalogue contains a summary of the traffic safety 
effects of approximately 35 smaller road and traffic control 
measures which can be employed to reduce accident numbers at 
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junctions, other dangerous points such as sharp curves or narrow 
bridges, and particularly dangerous sections of the road system. 
Larger works such as building new roads, comprehensive reconstruc
tion of existing roads and traffic management schemes over a 
larger area, are not included in the catalogue. 

Figure 2: 
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In the Effect Catalogue traffic safety effects are of primary 
concern but other conditions are to some extent commented on. 

The direct costs of the separate undertakings are necessary to 
be able to select out the most effective measures. However, it 
was not practical to include such direct costs factors in the 
catalogue and therefore available cost summaries in the indivi
dual countries can be referred to. 

3.2 Efforts to reduce uncertainties 

The results from the completed before-and-after studies, and 
the use of such results for effect evaluation, contains uncer
tainties. These uncertainties are mainly connected to the fol
lowing factors: 

accident data base 

the effect of the measure on the accident pattern 

different criteria for the application of the measure 

the "regression-to-the-mean" effect 

external influences 

In the writing of the Effect Catalogue, consideration is given 
to the reduction of these uncertainties as far as possible. 
It was found important in this respect: 

to relate the effects to influences on personal injury 
accidents 

to emphasise the different effects on ~he separate 
accident types and to recommend that accident patterns, 
as far as possible, are used as the basis for effect 
evaluations 

to describe the criteria which are usually employed as 
a basis for the use of the different measures in the 
Nordic countries, and 

to mainly base effect descriptions on the results from 
the Nordic before-and-after studies. For these investi
gations it has been easier to evaluate the accident base, 
application criteria, and possible effects of other re
sultant conditions such as increasing seat belt use, changes 
in the use of car lights, changing weather conditions etc. 

In addition to this, it is recommended that effect evaluations 
are carried out in two different ways: 

1) To estimate expected accident reduction from experienced 
effects from earlier before-and-after studies. 

4. 

4.1 
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'2) To estimate expected accident numbers and expected acci
dent reductions from experienced accident rates for dif
Eerent types oE junctions and road sections. 

The EEEect Catalogue contains, in the main, basic data for 
application oE method 1, but for method 2 references must 
be made to relevant national accident rates which most count
ries have produced. It is expected that the combined appli
cation of the two methods can reduce uncertainty of the re
gression-to-the-mean effects. (Refer also section 4) • 

ADVANTAGES AND DISADVANTAGES OF THE RESEARCH METHOD 
APPLIED IN THE "EMMA" STUDY 

Summary of advantages and disadvantages 

The research method applied in the EMMA study can briefly be 
described as a before-and-after study of empirical data from 
5 countries, including control data to correct for the general 
trend in accident figures. 

Some clear advantages of this method of research were 

the necessary data was readily available 

an inter-Nordic study made it possible to base the ana
lysis on more extensive data than what would have been 
possible for national studies 

the organization of this research brought different 
research institutes in the Nordic countries in close con
tact with each other. This is an important fringe bene
fit of this project. 

The main disadvantage of the research method is that some important 
questions are left unanswered, i.e. 

1. What is the numeric size of the "regression-to-the-mean"
effect compared to the observed percentages of accident 
reduction, in other words - what is the "real" effect of 
the four measures studied? 

2. What are the reasons for the positive results found in 
the EMMA before-and-after study, in other words - which 
changes in behaviour have taken place? 

The discussion of the "regression-to-the-mean" effect in the 
Nordic countries has mainly taken place from the autumn 1981 
and onwards, that is during the last phase of the EMMA study. 
Time and economy were not available then to carry out any thor
ough analysis of this problem. The discussion in the project 
group, however, lead to the conclusion that a need for improvement 
of the research method was evident if questions such as those 
above are to be answered in later stUdies. The remaining part 
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of this paper is a discussion of needs and possibilities in this 
respect. 

4.2 The possibilities for and the need for improvement of 
the research methods 

In this discussion I will consider the problem both from a re
search and a more practical point of view. In particular the 
last aspect has not been considered very much in the discussion 
up to now, but it is still of significant importance. 

!~~~! __ ~~~~_~~E_~~EE~~~~~~~_~EQ~_~_E~§~~ESh_eQi~~_~~_~!~~ 
The numeric value of the "regression-to-the-mean" effect, and 
the possibility to correct for this source of error, have been 
considered in British and Swedish studies (L9, LlD, Lll, L12). 
These studies have clearly shown that this effect can influence 
significantly, observed changes. The Swedish studies also show 
that the numeric value of the "regression-tothe-mean" effect 
can be about 50% when site improvements are decided on the basis 
of the number of accidents, and this criterion only. 

This uncertainty is so important that the method of research 
would have been changed if a new EMMA-type study was to be car
ried out. Possible methods would then have been 

a) Controlled experiments. A number of sites where measures are 
carried out, are randomly chosen from a larger number of sites. 
Sites which are maintained unchanged will form a control group. 
This method of research is available for more long-term studies. 

b) Adjusted before-and-after studies of empirical data. The 
adjustment will either consist of a separate analysis of 
black-spots, or an analysis where single years with a high 
number of accidents are taken out of the "before-data" be
fore the effect is calculated. 

c) 

d) 

Accident rate studies, i.e. studies of how the accident rate 
varies with geometrical factors and methoq of control, to 
establish knowledge of significant variations of the level 
of risk. 

Studies of behaviour, where changes in the pattern of behav
iour are studied to obtain more knowledge of the direct ef
fects of a measure. 

All these methods have disadvantages and involve sources of er
ror. A judgement, based on an application of two or more parallel 
methods, will then usually give the most certain results. 

This m~thod of working has partly been applied in the EMMA study. 
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In the four before-and-after studies, the conclusions about the 
positive effects are based on an analysis of how the four measures 
have influenced different types of accidents (related to logical 
changes in behaviour). In the Effect Catalogue one has, as menti
oned before, recommended that estimates of expected effects are 
based both on experiences from before-and-after studies, and on 
existing knowledge of typical accident rates for various types 
of junctions and road sections. These methods will decrease the 
possible errors reSUlting from the "regression-to-the-mean" effect. 

~~~~~-_~~~~_!~E_~~2E~~~~~~~_!E~~_~_PE~~~!~~!_2~~~~_~!_~i~~ 

I choose to start this section with the following postulation: 
the "regression-to-the-mean" effect is not of very much importance 
for the eractical traffic safety work in the local road authori
ties. ThlS is based on the following arguments: 

1. The number of accidents is a lied as a s stematic criterion 
for £arryi~t countermeasures to a sma er extent an 
the researchers seem to believe. Some examples of other common 
criteria are the need to design junctions and roads in a homo
geneous way, pressure from local groups to reduce the feeling 
of unsafety, the need to improve capacity etc. 

The importance of such criteria is underlined by an analysis 
of accidents at 800 Norwegian junctions (L13). In this study, 
sites where changes had been made during the study period, 
were studied separately, and a so-called "black-spot-rate" 
was calculated. This rate is the part of the sites which could 
be defined as especially accident-loaded (more accidents 
than the 95-percentile) in the "before-situation". The black
spot-rates were quite low, 10% for measures like speed limit 
reductions and right-of-way regulations, about 20% for signal 
control, and about 30% for channelization. This shows that 
other criteria must have played an important role. 

The EMMA before-and-after studies also give evidence in this 
respect. Table 3 shows the percentage of sites studied where 
no accidents were observed during the before period. These 
percentages were between 16 and 54%, which means that the 
consequences of the "regression-to-the-mean" effect are re
duced significantly. The reason for this is that the increase 
in the number of accidents at the "zero sites" to some extent 
will balance the accident reduction at the black-spots in
cluded in the study. 

2. The"regression-to-the-mean" effect will rarely lead to wron<L
conclusions about whether a measure has a positive effect 
or not. In most cases studies of the observed reduction of 
the total number of accidents will be combined with other 
types of studies such as behavioural research, surveys of 
the effects on different accident types, accident rate 5Lud-· 
ies etc. The final conclusion about a positive effect will 
normally be based on a common consideration of all these 
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Table 3 The EMMA study. Percentage of sites with no accidents 
in the before-situation 

Measure 

Channelization of 
the minor road 

Signalization of 
pedestrian cross-
ings 

Stop-signs at 
junctions 

Pedestrian and 
cycle paths 

Total number 
of sites 

80 

128 

124 

218 

Number of Percentage 
sites with "zero sites" 
no accidents 
in the before-
situation 

32 40% 

31 24% 

67 54% 

34 16% 

studies, which reduces the possible risk of error arlslng 
from the "regression-to-the-mean" effect. Still there will 
be uncertainty about the numeric size of the "real" accident 
reduction related to a measure. 

3. Erroneous conclusions of the "regression-to-the-mean" effect 
will hardly lead to a situation where too much money is spent 
on improvements at black-spots. If one supposes that various 
measures applied at black-spots reduce the number of accidents 
by, say 50%, while the "real" effects are between 20 and 30%, 
one might fear that too many resources will be spent on black
spots, and too little on other measures. However, the situation 
in Norway today, and probably in the other nordic countries 
as well, is such that there seem to be no real danger in 
this respect. In fact, the situation rather seems to be that 
too few resources are spent on improvements at black-spots, 
and that the potential for accident reduction at such sites 
are far from exhausted. 

4.2.3 Conclusion -----------------
My conclusion is that the possible consequences of the "regres
sion-to-the-mean" effect are considerably overestimated. I believe 
that further studies of sites where changes have been made, will 
show the same tendency with respect to the "black-spot-rate" and 
the number of ·zero-sites" as the results given above, to support 
this conclusion. 

This does not prevent me from seeing many reasons to continue 
with the ongoing effort to improve the research methods. But I 
also see many reasons to reduce some of the scepticism about the 
value of the many before-and-after studies which are available, 
and in which the analysis is based on the "old" method. 
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Introduction 

This contribution gives a report of some practical experiences that have 
been gained in two statistical investigations. The subject of these 
investigations was the effect of one-way traffic on road safety in 
residential areas. 

The numerical data for both investigations consisted of accident statistics 
covering several years. A fairly conventional evaluation method was 
used, which cannot exactly be considered as "short-term". The short
term character was obtained in this case by using exclusively historical 
data. If the design of the investigation has been adequately worked
out and the input data are at the disposal of the researchers, such a 
"post-hoc" study should in principle demand very little time. (In 
practice, however, this expectation is unfortunately found to be over
optimistic in many cases.) 

It will shortly become clear from the brief descriptions that the two 
investigations can be regarded as "area-wide". 

One-way traffic is in most cases introduced for reasons other than the 
improvement of road safety. It does not, therefore. represent a specific 
safety measure. However, the effect of this measure on road safety was 
the central factor in the investigations. In this respect too, the 
contributlOn falls within the scope of the seminar. 

The first investigation is described briefly in section 2. A reasonably 
well known statistical technique was used here. For this reason, the 
experiences described in section 3 refer primarily to the problems 
related to the subject to which the technique was applied in this case • 

Some of the remarks made refer equally to the second investigation, which 
is described briefly in section 4. In this investigation, an attempt has 
been made to obtain more specified results from the same data by means 
of a different statistical technique. Since this technique is less well 
known, the experiences recorded in section 5 apply more to the method 
used in this second investigation. 

2 Brief description of the first investigation 

The introduction of one-way traffic in residential areas can be aimed at 
achieving various objectives, such as offering more parking space, 
improvi ng traffic flow or, by contrast, restricting through traffic. The 
improvement of road safety is also said to be the objective in many cases. 

However, little information is available about the effect of one-way 
traffic on road safety. Some people even claim, without having any 
research data at their disposal, that one-way traffic in residential areas 
is detrimental to road safety. For this reason a statistical investigation 
of the subject was initiated in 1973 by a working group of municipal 
traffic experts. The working group compared the road-safety developments 
in a number of residential areas in the Netherlands following the 
introduction of one-way traffic with those in areas in which one-way 
traffic had not been introduced. 

The selected research method was that of a before-and-after study with 
a control group, using the chi-square test. The investigation is described 
at length in an interim report (-Werkgroep Eenrichtingverkeer, 1977); a 
shorter version of this report is published in "Verkeerskunde" (Slop, 1977). 

lhe conclusion of the investigation implied that one-way traffic in 
residential areas can be presumed "in general to have neither a pt'sil ive 
nor a negat i ve effect on the number of accidents". 
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However, as is the case with most countermeasures, the total effect of 
one-way traffic on the occurrence of accidents is a composite of sub
effects. The neutrality observed in the total effect could have been the 
result of a number of opposing sub-effects. 

A positive sub-effect can arise from the simplification of the traffic flows, 
as a result of which the traffic pattern becomes easier to follow and 
predict. The positive effects also include the favourable influence 
resulting from a reduction of traffic volumes, in those cases where one
way traffic was introcuced with the aim of diverting through traffic from 
a residential area. 

Negative effects can result from the way in whh:h road users respond to 
the measures taken. A first example of this may be that road users will 
have to choose a different route in many cases, either in the area 
concerned or on the roads surrounding it, which will involve covering a 
greater number of kilometres. A further negative effect may arise from 
a reduction in the level of attentiveness, or from driving at a higher 
speed than before. 

The objective was to enable such positive and negative sub-effects to be 
determined by splitting-up the statistical data gathered. On the basis of 
these results it should become possible to aim at achieving only the 
positive sub-effects, by means of carefully directed application of one-way 
traffic, whereby an improvement of road safety could in fact be brought 
about. The splitting-up of the results could be applied to the 
investigated units (roads and/or areas), to the measure taken (various 
ways of impleiiieri"iing one-way traffic), and to the criterion used for 
assesGing road safety (only those accidents with injuries, the number of 
victims etc.). 

The first investigation was not successful in achieving the stated 
objective. For practical reasons, the splitting-up of the investigated 
units and of the implemented measure could not be carried out. A 
splitting-up of the road-safety criterion was carried out, but could not 
be made use of for methodological reasons. 

A number of practical problems that were encountered in performing the 
first investigation are discussed in section 3. 

3 Experiences in the first investigation 

3.1 In conSidering the accident statistics, it was possible to choose from 
a number of alternatives with respect to the units to be investigated. 
These included: 

a. separate streets or street sections in which one-way traffic 
had been introduced; 

b. intersections of one or more of these streets, either with each 
other or with streets carrying two-way traffic; 

c. streets in which two-way traffic had been retained but whose 
pattern of use had been changed by the introduction of one-way 
traffic in other streets; 

d. areas of which the elements named in !:' E and .£ formed a part; 

e. the total of a number of areas named in .9: considered t0gether. 

Depending on the choice made, it should for example be possible to 
arrive at conclusions indicating the diffei.t:nce between the effect in 
streets alld at the crossroads. 
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An argument against the choice of small units, such as in cases a, 
band c, was the fact that the numbers of accidents become too -
small to be able to draw conclusions that are statistically well 
founded. An argument against option e was that the various areas 
differed greatly in character from each- other, and that the 
introduction of one-way traffic took place on a different date in 
each case. The choice therefore fell on alternative d. 

3.2 A particular problem was found to be defining the boundaries of 
the investigation areas. These took on extremely irregular shapes 
if they were composed exclusively of street sections with one-way 
traffic. The intersections at the ends of these street sections were 
sure to be considered in the investigation. It could, however, be 
assumed that neighbouring streets in which two-way traffic was 
retained had also been affected by the introduction of one-way 
traffiC, certainly in terms of traffic volumes, but possibly also in 
the number of accidents. For this reason, it was considered 
desirable to round-off the areas by the addition of a number of 
neighbouring streets with two-way traffic. 

On the other hand, if too many street sections with two-way traffic 
are added to an area, any conclusions can be less clearly attributed 
to the introduction of one-way traffic. There is then a chance that 
the accident figures from the streets with two-way traffic will 
become dominant in the overall figures. 

No precisely described solution was found for this problem. It was 
finally decided to allow the researchers carrving out- the 
investigations in the cities concerned to determine the boundaries of 
the areas using their own judgement, taking into account the above. 

3.3 The effects to be determined had to be primarily attributable to the 
one-way traffic. This implies that use had to be made of estimates 
of the changes that would have arisen without this measure. Control 
areas were used for this purpose. The requirement placed on these 
control areas is that they must be fully comparable with the 
investigation areas; in other words, that they would have had just 
as much chance as the investigation areas of having one-way 
traffic introdu::ed in them. 

Since the study carried out was post-hoc in nature, it appears 
unlikely that this reqUirement was met. There are all kinds of 
reasons why one-way traffic was introduced in the investigation 
areas and not in the control areas. One of the reasons for the 
introduction of one-way traffic in an area may even have been that 
the number of accidents occurring in that area was (by coincidence) 
relatively high! 

3.4 It was found to be difficult to find a suitable control area for each 
investigation area. For this reason the choice of control area in a 
number of cases fell on an area in which, in a later year, one-way 
traffic was also introduced. 

This choice of (a limited number of) areas that were first used as 
control area and later as investigation area is a questionable 
practice. In particular, any overall testing of the numerical data 
then harbours a number of interdependencies that cannot be 
identified. 

In a number of cases the same control area was used for more than 
one investigation area. If the investigation periods (before and 
after periods together> do not overlap there is little objection to 
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this practice, but in some cases such an overlap did occur. 

3.5 Repeated changes in the accident-recording practices of the various 
cities formed a great obstacle in the selection of the investigation 
and control areas. A further restriction was that there should be 
the lowest possible incidence of disturbing influences during the 
before and after periods, in both the investigation and control areas. 
This applies mainly to the implementation of other traffic measures 
such as the installation of traffic lights at an intersection or the 
establishment of pedestrian crossings; although, for example, the 
opening of an old peoples' home could also have had a disturbing 
influence in this respect. 

For this reason, the before and after periods were each limited to 
one year. In spite of this, quite a number of areas had to be 
discarded. The number of investigation areas that were finally 
found to be usable was 29, located in Amsterdam, Eindhoven, 
Rotterdam and Utrecht. 

3.6 To reduce the disturbing effect of seasonal variations the before and 
after periods, each of one year, were not further sub-divided. This 
means that only one measurement before and one after was at the 
reasearchers' disposal in each area. 

A disadvantage of this design is that no estimate can be made of the 
variations in time. Consequentl y, any significant concl usions cannot 
be attributed exclusively to the implemented measure. Whatever the 
result, some room for doubt therefore remains. 

3.7 One complication experienced was that relatively few accidents in 
fact take place in residential areas; and when they do occur the 
chance that they are reliably recorded is not great, particularly in 
cases where there are no injuries. In carrying out the statistical 
tests, numerical data were available from two times (before and after) 
approximately 3000 accidents in investigation areas, and two times 
approximately 4000 accidents in control areas. These numbers were 
found to be adequate to allow general conclusions to be drawn. 

As soon as attempts were made to specify the results (for example 
with regard to the character of the accident hazard), it was found 
that the necessary splitting-up of the data often made the number 
of accidents too small to allow statistically sound conclusions to be 
drawn. 

3.8 To allow the differences in the development of the accident hazard 
between the investigation and control areas to be attributed to the 
introduction of one-way traffic, the development within the group of 
control areas must not diverge during the same period. For this 
reason the control areas were subjected to a test of the null 
hypothesis "development of accident hazard is not area-dependent" 
against the alternative hypothesis "development of accident hazard 
is area-dependent". The chi-square test was used for this purpose. 

If the total number of accidents (resulting in death, injury or 
material damage) was taken as a measure of accident hazard, it 
appeared to be a justifiable assumption that the development was 
not area-dependent. However, if only those accidents resulting in 
injury (including death) were considered, it was found that the 
null hypothesis could no longer be accepted. Neither was this the 
case if the number of accident victims was taken as a meaSU['e of 
accident hazard. 
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In other words: the development of the total number of accidents 
in the various control areas always followed approximately the same 
trend, but this could not be said for the accidents in which injury 
had been caused and for the numbers of victims of these accidents. 
Consequently, it was found to be impossible to use the control areas 
as such for the development of the number of accidents in which 
injury had been caused, and for the numbers of victims of these 
accidents. It was therefore also impossible to examine the 
investigation areas using these two measures of accident hazard. 
As a result, no specified conclusions could be drawn about the 
character of the accident hazard. It was possible to draw 
conclusions only about the effect of one-way traffic on the total 
number of accidents. 

3.9 The statements made in the preceding paragraph give an indication 
that the development in the number of accidents causing injury, and 
in the numbers of victims of these accidents, may have been area
dependent. The working group was therefore of the opinion 
that an investigation would have to be made of the relationships 
between the types of accidents and the characteristics of the areas. 
These may include infrastructural characteristics such as the total 
length of the streets, the number of intersections (divided into 
T -junctions and four-way intersections). the lane widths, the 
distances betwef'n the intersections, the lengths of the separate 
cycletracks or the sites of pedestrian crossings. They may also 
include traffic characteristics, such as volumes, mileage covered, 
speed data or the number of pedestrians crossing the roads . 
ThesE' factors could possibly lead to conclusions about characteristics 
that can determine the suitability of streets and/or areas for one
way traffic, from the point of view of road safety. 

However, a supplel)1entary reconnaissance of the investigation and 
control areas was regarded as necessary for a thorough splitting-up 
of the results. It was decided to dispense with this splitting-up 
since it was found that all the required data could afterwards no 
longer be obtained, among other reasons. The fact that the numbers 
of accidents could often be expected to become too small in such far
reaching splitting-up of the results also contributed to this decision. 

3.10 The introduction of one-way traffic can also take place on different 
scales and in different ways. Indicators for this may be: the 
percentage of street sections in which one-way traffic had been 
introduced, the type of one-way traffic (i.e. with or without 
exceptions), supplementary measures with regard to parking etc. 

For the same reasons as in the preceding paragraph, it was also 
decided to dispense with this splitting-up of results. This 
unfortunately meant that no conclusions could be drawn about the 
differences in the effect of one-way traffic with and without 
exceptions for cyclists, for example, or with and without 
accompanying parking restrictions. 

4 Brief description of the follow-up investigation 

The design of the first investigation with one measurement before and onE' 
after in each investigation area and control area led to frequency 
matrices with four cells. By using the chi-square test on these four cells, 
it was checked whether the ratio of the number of accidents in the 
investigation area to that in the control area was the same beforE' ant! 
after the introduction of the measure. 
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In such a procedure, both of these ratios are regarded as random samples 
from a population with a fixed relationship. This population ratio is 
estimated as a (weighted) mean of both random-sample ratios. As a 
result, only half of a possible effect is in fact brought forward. 

In the follow-up investigation, carried out by Riemersma and Sijmonsma, 
the ratio in the before period is therefore regarded as a point-estimate 
of the ratio in the after period. In this case Tanner's test (958) can 
be used. This estimates the effect of a measure as the quotient of the 
actual number of accidents in the after period and the number that was 
expected on the basis of the trend in the control areas. The tenability 
of this procedure increases as more control areas of a homogenous nature 
are used as a basis for the estimate. 

The details of the test procedure will not be further discussed in this 
contribution. An extensive description of the follow-up investigation is 
given in a communication from the "Studiecentrum Verkeerstechniek" (1979). 

The conclusion of this investigation was that "one-way traffic has a 
decreasing effect on the total number of accidents, and that this effect 
is sometimes related to specific areas. However, no relation could be 
found between the effect and specific traffic situations (like intersections 
etc. ). Moped riders turned out to be the only category of traffic 
participants for which a (positive) effect could be shown". 

As such, the results of the follow-up investigation are also relatively 
insubstantial. Some of the practical problems experienced in carrying out 
this follow-up investigation are discussed in section 5. 

5 Experiences in the follow-up investigation 

5.1 For the application of both the chi-square test and Tanner's test 
the observations must be derived from a stationary Poisson process. 
This is often tacitly assumed in accident statistics. 

However, since Tanner's test gives grounds for concluding that an 
effect exists sooner than the chi-square test, it was considered 
desirable to obtain more certainty on this point. 

An ideal design would have been based on at least two before and 
two after measurements, in both the investigation areas and the 
control areas. It would then have been possible, by using a 
covariance analysis, to test whether the contribution to the variance 
as a result of the measure itself differed significantly from the 
"random variance" in the before and after periods. 

5.2 Since only one before and one after measurement was at the 
researchers' disposal in each case, another method was used to 
examine whether the accident frequencies could be regarded as the 
result of a stationary Poisson process. The method used was a 
further study of the time intervals between the accidents. This can 
for example be done by examining whether the standard deviation of 
the time intervals is equal to the mean interval, as is the case in 
a stationary Poisson process. 

If the variance deviates significantly from the mean value, it is 
necessary to reject the hypothesis that the occurrence of accidents 
in a particular area and time period can be regarded as a 
stationary Poisson process. Such a situation can arise if there is 
a Poisson process with a time-dependent parameter, 1 ike a period of 
road resurfacing, the temporary closure of routes etc. In these 
cases there appears to be sufficient uncertainty to discard such 
areas as investigation or control areas. 
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5.3 Representing the accident frequencies in the form of a survey of the 
time intervals between the accidents, however, was found to open-up 
more possibilities. Any time-dependent variations in accident 
probabilities are not easy to identify in the frequencies, but can 
much better be seen in a time-dependent variation of the intervals. 
The only handicap here is that the variance increases and decreases 
with the mean value. 

This last problem can be counteracted by expressing the intervals 
not in units of time, but in the logarithms of these units. The 
variance in the log-time intervals can be tested against that of 
a stationary Poisson process, i.e. ,,2:6. 

5.4 A first examination of the interval distribution showed that a 
stationary Poisson process could not be assumed in many areas. 
Although it is true that short-term periodicities such as daily and 
weekly cycles of activity could cause an increased variance of the 
intervals, this effect was found to be small. The deviations could 
more readily be explained by the predominance of short intervals. 
The question arose of whether the very short intervals within a 
single area still related to mutually independent events, which is 
also a condition for the application of a random process. 

Inspection of the original police documents revealed a small number 
of cases in which a certain degree of dependence could be 
considered to exist between. two accidents. These were then counted 
as a single accident. The same was done with a number of 
accidents which were wrongly recorded twice. 

5.5 After this operation, a number of zero intervals still remained, 
primarily the result of rounding-off to within 5 minutes of the time 
at which the accidents had taken place. These zero intervals, as 
might be expected, caused problems in the log-transformation. This 
applied to approximately 1% of all intervals, although the number 
was nearly 3% in some areas. 

To avoid such problems in the log-transformation, the investigation 
into the presence of a stationary Poisson process was carried out 
not by considering the intervals between successive accidents, but 
by considering those between accident i and i + 4, i + 4 and i + 8, 
and so on. The corresponding theoretical distribution that results 
from a Poisson process is less skewed than the original Poisson 
distribution; a test of the variance of the observed sum intervals 
against the' theoretical value still remains possible. 

5.6 A second condition for the test procedure used was that the number 
of accidents in the control area must be greater than 50 in both the 
before and after periods. 

This condition, together with that demanding that all the numbers 
of accidents can be regarded as the result of a stationary Poisson 
process, led to a large part of the intended tests having to be 
omitted. 

5.7 Nevertheless, it appeared that the methodological obstacles could to 
some extent be overcome by choosing the other statistical 
investigation technique. 

The practical problems caused by the need to gather data afterwards 
about the characteristics of the areas and the way!!"! which the 
measures had been implemented continued to be present, of course. 
For this reason, the follow-up investigation was also unsuccessful 
in indicating the opposing sub-effects whose existence was suggested 
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earlier in this contribution. Only a few fairly vague conclusions 
can be drawn. 

5.8 However, the investigators were left with the impression that one
way traffic does in fact bring about various sub-effects which could 
result primarily from differences in the urban and traffic situations 
between the separate investigation areas. Although efforts were 
made during the investigation to minimise these differences, their 
influence was still felt. 

An illustration of this is the difference in effect on the total 
number of accidents between the investigation areas in Amsterdam 

. and Rotterdam (Le. a fall in the number of accidents in Amsterdam, 
and a rise in the number in Rotterdam, following the introduction 
of one-way traffic). This difference in effect between cities had 
not been aimed at in the investigation, but was one of the clearest 
matters to be revealed by the statistical method used. It so 
happened that, after discarding a number of investigation areas 
because of observed deviations from a stationary Poisson process, 
the Amsterdam data were more strongly represented than those from 
Rotterdam. This circumstance may have had an influence on the 
general conclusion that "one-way traffic has a decreasing effect on 
the total number of accidents". 

5.9 Since the relationship between area and traffic characteristics on 
the one hand, and the nature of the accident s on the other hand, 
were not examined, no attention could be given to a possible 
explanation of any effects that were found to exist. Detecting these 
effects was considered to be sufficient. Furthermore, in this case, 
the effects do not need to be corrected for any changes in the 
traffic pattern in the various streets of an area under consideration 
as a result of the introduction of one-way traffic. Only the gross 
effects are important, regardless of the way in which they have 
arisen (as a result of changes in traffic mileage, traffic speed etc. l. 

One consequence of this is that the results can be generalised to 
only a limited extent, in principle only to residential areas of a 
similar nature. 

5.10 A possible disturbance of the stationary Poisson process could have 
been caused by transitional effects following the introduction of the 
measure. One-way traffic reduces the freedom of movement of the 
road users, and drivers will often have to take new routes. The 
(temporary) effect of the newness of the traffic situation could have 
resulted in either more or less accidents; more because of the 
occurrence of unexpected situations, and less because of an 
increased level of attentiveness. 

To examine whether effects of this type occurred, a further split 
was made between accidents during the first and second half-years 
after the implementation of the measure. This was also done for 
the control areas. Since the number of accidents was approximately 
halved by this process, only two areas then remained able to be 
tested. No start-up effect could be shown. 

Conclusion 

In a comment on the results of the follow-up investigation, it is stated 
that one-way traffic appears to have no generally predictable effect on 
the occurrence of accidents: the circumstances from case to case to a 
large extent determine the total effect. This being the case, no sound 
result can be expected from any broad statistical investigation into the 
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effect of one-way traffic on road safety. Only investigation methods in 
which the circumstances are considered in detail (characteristics of 
streets and/or areas, way in which the measure is implemented) offer 
any prospects. It is possible that an explanation of the observed 
effects could then also be given. The test procedure used in the 
follow-up investigation could then be applied. However, the results of 
such a more strongly differentiated investigation could then hardly be 
generalised, if at all. 
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SUMMARY 

A report is made of the practical experiences in two statistical 
investigations into the effect of one-way traffic in residential areas 
on road safety. These investigations can be regarded as falling 
under "short-term and area-wide evaluation of safety measures" . 

2 The first investigation consisted of chi-square tests on the development 
of accident hazard in a number of residential areas follOWing the 
introduction of one-way traffic, a Iso using a control group without 
one-way traffic. An attempt to split-up the neutral effect determined 
into positive and negative sub-effects was unsuccessful. 

3 Some experiences of the first investigation were: 

3.1 It proved to be almost impossible to avoid selecting entire 
areas as the units of investigation. 

3.2 Defining the boundaries of the areas was problematical. 

3.3 The vaildity of the control areas is subject to doubt. 

3.4 The choice of some of the control areas led to interdependency 
of data. 

3.5 The before and after periods had to be restricted to one year 
each. 

3.6 Since only one measurement before and one after were at the 
disposal of the researchers for each area, no estimate was 
possible of the variance in time, as a result of which grounds 
for doubt always remain. 

3.7 Since relatively few accidents take place in residential areas, 
and these are not very reliably recorded, the issues could not be 
specified satisfactorily. 

3.8 The development in particular aspects of road safety was found 
to be area-dependent in the control areas; this was a further 
obstacle to differentiation of the results with regard to t Iws<' 
aspects. 
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3.9 A supplementary reconnaissance was necessary for eXamInIng the 
relationship between the nature of the accidents and the 
characteristics of the areas; but it was decided not to carry this 
out for practical reasons. 

3.10 For the same reasons, no specific conclusions could be drawn 
about the various ways in which one-way traffic may be 
implemented. 

4 In a second investigation, Tanner's test was applied to a: selection 
from the same data. However, the aimed-for differentiation in the 
issues could be achieved to only a very limited extent. 

5 Some experiences of the second investigation were: 

5.1 In a design using at least two measurements per area, both 
before and after, it would have been easier to determine which 
accident frequencies could be considered the result of a 
sta tionary Poisson process. 

5.2 For this check, which was considered to be necessary for 
applying Tanner's test, the time intervals between the accidents 
have been studied instead. 

5.3 The problem of the time-dependent variance increasing and 
decreasing with the mean value of the intervals was counteracted 
by a log-transformation. 

5.4 To restrict the number of very small intervals, interdependent 
accidents have been considered as a single event; duplicated 
accident recordings were also removed. 

5.5 To avoid the problem of the remaining zero intervals, the 
intervals have been taken four by four. 

5.6 A large portion of the intended tests had to be omitted, also 
because of the requirement that the number of accidents in a 
control area must be more than 50 in each before and after 
period. 

5.7 The practical problems associated with afterwards obtaining 
supplementary data formed an obstacle to getting more 
differentiated issues, also from this follow-up investigation. 

5.B Concealed effects of area structures may still have coloured the 
issues given. 

5.9 Since the investigation carried out was into gross effects, the 
results could not be explained, and could therefore be 
generalised to only a limited extent. 

5.10 No start-up effect could be determined. 

6 Since the effect of one-way traffic appears to a large extent to be 
determined by the individual circumstances, results can be expected 
only from investigation methods in which these circumstances are 
considered in detail. These results can then, however, not be 
generalised. 
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Mededeling: 7 

A study into the effects of one-way traffic on traffic safety In residential areas of four 
towns in the Natherlands 

Summary 
Accident data of residential areas in four towns in the Netherlands (Eindhoven, Amsterdam, 
Utrecht and Rotterdam) were used to uncover specific relations between one-way traffic 
measures and indicators of traffic safety. 

It was found that establishing one-way traffic has a decreasing effect on the total number of 
accidents, and that this effect is sometimes related to specific areas. However, no relation 
could be found between the effect and specific traffic situations (like intersections, etc.). 
Moped-riders tumed out to be the only category of traffic participants for which a (positive) 
effect could be shown. 

Studiecentrum Verkeerstechniek 
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1. Introduction. 

~tudy on the effect of eliminating 

intermittent signal from traffic 

light programmes in Eindhoven. 

Presented by P.A.M. de Werd 

Dienst Uuimtelijke Ordening en Verk~er 

(Traffic Section) 

Eindhoven, The Netherlands. 

In many towns one can see that in the late evening and during the 

night a number of traffic lights give only a flashing orange signal. 

The reason is the low number of passing cars at those times. 

In Eindhoven this situation also existed. 

However, based on an analysis of the nightly accidents it was decided 

to start an experiment on continuous functioning traffic lights 

installations, situated in the inner city cordon. 

One year after this measure an evaluation was carried out. A reduc

tion of about 75% of accidents at night had taken place. 

Apparently, the measure was right and should be taken for all traffic 

lights in the town. 

However, the intersections involved were in a specific part of the 

town, so there was some doubt as to whether one could generalize the 

results. 

After some discussion it was decided to apply the measure to all 

traffic lights in Eindhoven, again as an experiment. The evaluation 

was to be carried out as soon as possible. 

This paper gives a description of the evaluation method used. 

After 1 year it was found that on those intersections also a 75% 
decrease in accident occurrence had been achieved. 

The conclusion could be drawn that continuous functioning, used 

as a universal application, can contribute considerably to road 

safety at night. 

For Eindhoven (population 195,000) this means a decrease of 80 

accidenLG per annum, including 25 (mostly severe) injuries. 

In chapter 2 of this paper you will find the evaluation method. 

Chapter 3 contains the results of both experiments as far as known 

at the moment.(1980) 

The accident data of the year after the starting date could periodi

cally be filled in these tables. 

On every completed table a statistical test is applicable. For small 

frequencies the Fisher exact probability test can be used; otherwise 

the chi-square test for a 2x2 contingency table will be appropriate. 

This method gives the opportunity to have at an early stage an 

impression of the direction of the effect, if any. At least it will 

be possible to decide if continuation of an experiment is justified. 

On the other hand extended evaluation may be useful if significance 

cannot be stated after one year • 

The accident data for the intersections of group 11 have also been 

gathered. 

It turned out that in the year before the measure, very few accidents 

occurred (experimental group: 3; control group: 0) 

Jhort term evaluation on such small frequencies is not possible. 

These small frequencies can be explained by the small proportion 

of time that the measure applies on those intersections (about 7%). 

2. Evaluation method. 

In 1980 (Easter, april 6-7) the flashing signals were eliminated 

from all traffic light installations in Eindhoven. 

The measure was taken on 39 intersections (the experimental group). 

The effects could be stated as the difference in numbers of accidents 

during 1 year before and 1 year after the change, corrected for the 

trend-influence. In order to eliminate this trend-influence, the 

same accident-data was collected from all 38 other traffic light 
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installations where continuous functioning had been the rule for 

many years. (control group) 

A survey showed that, depending upon the time of intermittent 

signals the experimental intersections had to be divided into 4 

groups. 

group 1 (16) from 22 until 07 h. (daily) 

group 2 ( 2) from 23 until 07 h. (daily) 

group 3 ( 1) from 24 until 07 h. (daily) 

group 4 (20) from 03 until 08 h. (Saturdays and 

Sundays only) 

For practical reasons these subgroups were reformed into 2 groups: 

I 

II 

19 intersections with daily'intermittent periods 

20 intersections with intermittent periods only during the 

weekends. 

N.B. The fusion of the first 3 groups may introduce a slight 

fault, because each experimental group must have its "own" 

control group. 

In chapter 3 this matter will be treated. 

The first months after the starting date offered the opportunity 

to gather accident data for the period preceding the change, both 

for the experimental group and the control group for the appropriate 

hours. 

Depending upon the availability of accident data, a 3 month period 

was chosen as the shortest term for testing the results. 

For 1 year 4 (incomplete) tables could be prepared: 

table I results after 3 months 

accidents during hours 

under study 

experimental group 1 

control group 

total 

• flashing signal 

•• continuous normal operation 

period 

1979 
week 

14 ••• 26 

8 • 

21·· 

29 

table II results after 6 months 

accidents during hours 

under study 

experimental group J 

control group 

tolal 

and so on for 9 and 12 months. 

3. Hesults. 

3.1. Experimental group l. 

period 

1979 
week 

14 ••• 39 

16 

28 

44 

1980 

week total 

14 ••• 26 

• • 
•• 

1980 
week total 

14 ••• 39 

About 4 months after the starting date the first table could be 

completed: 
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table 1* 

E I 

C 

total 

B =. Before 

A After 

3 monthB evalua~ion 

B 

8 

21 

29 

A total 

2 10 

15 36 

17 46 

* E Experimental group 

C Control group 

There seems to be no reason for not proceeding with the experiment. 

The direction of the effect is as expected. 

Three months later the findings were: 

table II 

E I 

C 

total 

6 months evaluation 

B 

16 
28 

44 

These figures confirm the first reBult. 

A 

4 

22 

26 

total 

20 

50 

70 

One can see that accidents in the controlgroup hardly change, while 

in the experimental group a clear decrease takes place. 

This picture turned out to be very stable for the rest of the year: 

table III 

E I 
C 

total 

9 months evaluation 

B 

23 
39 

62 

A 

5 
31 

36 

total 

28 

70 

98 

table 1"1 

E I 

C 

total 

(ch i.-square 

1 year evaluation 

13.56 

B 

36 
46 

82 

p < 0.001) 

A 

6 

45 

51 

total 

42 

91 

133 

We may conclude that the measure i.e. full time normal operation 

is very effective. 

3.2. Experimental group 11 

In tlis group we fi.nd 20 intersections with during 1 year only 3 

accidents • 

In the controlgroup (38 intersections) we couldn't find any accident. 

After 1 year thiB table could be made: 

table V 

Err 
C 

1 year evaluation 

B 

3 
o 

No conclusions can be drawn. 

,.3. Original groups out of group I 

A 

6 
4 

AB said group I had been composed of 3 original groups. 

Here are the results of each group after a one year evaluation. 
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table VI 

E 

c 

total 

table VII 

E 

C 

total 

group 22-07 (16 intersections) 

B A 

31 6 

46 45 

77 51 

group 23-07 (2 intersections) 

B 

5 

35 

40 

A 

o 

33 

33 

total 

37 

91 

128 

total 

5 
68 

73 

In group 24-07 (1 intersection) no accident was found neither 

1 year before nor after the starting date. 

We conclude that fusion did not affect the results. 

3.4. Results of the first experiment (1975) 

Extended evaluation has taken place on the experiment in 1975. 

After 6 years the findings are still in accordance with earlier 

results: 

table VIII 

E 

C 

total 

long term evaluation 

3 years 

B 

189 

114 

303 

G years 

A 

45 

113 

158 

total 

234 

227 

461 

I,. Conclusion. 

In this paper a method of short term evaluation has been worked out. 

The subject, however interesting, was only used as an example. 

Therefore there has been no specification of accident data such as: 

- exact accident time 

- types of accident 

- means of transport 

- characteristics of the persons involved 

- causes 

- consequences, injuries. 

It will be clear that all this information could have been gathered. 

It was considered not to be of importance for this paper. 
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Evaluation of traffic restraint measures in residential areas with respect 
to pedestrian safety 

( Research Contract 7613/5 of Bundesanstalt fUr StraBenwesen -- BASt -- Koln) 

R. Albrecht, Arbeitsgruppe fUr Regionalplanung 
( Regional Planning Group -- ARP " Berlin 
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1. Definition of Problem 

An important aim of traffic restraint in residential areas, by means of street 
network alteration schemes, is to achieve that pedestrians and drivers show 
more consideration for one another and to improve pedestrian safety in parti
cular. The text below, exclusively deals with the methodological aspects of 
the problems associated with the control of these effects by means of before
and-after and with-and-without studies. 
The historical residential quarter surrounding the Klausen(er) Square in Ber
lin-Charlottenburg was selected for the empirical investigation. It is a resi
dential area in the city of Berlin; its streets are relatively quiet, with no 
special traffic control measures ( within the limits of this area drivers on 
the left have to yield right-of-way to drivers on the right). Around the area 
there are major roads or arteries carrying heavy traffic volumes. 

After preliminary surveys had been completed, traffic restraint measures were 
undertaken in the area under study within the frame of a model project attemp
ted by the Senate of Building and Housing of the State of Berlin (Senator fur 
Bau- und Wohnungswesen des Bundeslandes Berlin). The objectives of the project 

were: 

- better raod safety 
- more freedom of movement for pedestrians 
- improved quality of the residential environment. 

The following marginal conditions were to be maintained: 

- maintaining the streets' function of providing services 
- maintaining traffic in both directions 
- maintaining places for cars to park 
- not interfering with the historical character of the quarter. 

The measures included new parking s~hemes and alterations of the street space 
by means of narrowing raod sections or allowing for deviation alinements. 
Traffic management and control measures were not interfered with. When the 
overhaul had been completed,sidewalks were still areas of movement strictly 
separate from the roadway. Mixed traffic areas as in the Dutch concept known 
as a "Woonerf" had not been the objective in the area under study (See Fig. 1). 

The redesigned parts of the street network were marked by special traffic signs 
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( 325/326 StVO -- German Highway Code) and thus made known as protected resi

dential areas. 

With respect to the contents of this research project, the following question 
may serve to outline the problem raised: are traffic restraint measures main
taining the separation between sidewalk and roadway and maintaining the streets' 
function of providing services appropriate means of improving pedestrian safe
ty in the crowded conditions of downtown residential areas? This requires 
distinguishing between the ~ffects of the ~easures as a whole and the effects 
of each individual measure (types of measures). And it further needs to be 
found out whether changing a streetscape might create traffic risks unknown 

before. 

With respect to the methodological aspects of this research project, there was 
the question of how to check the effects of the street alteration schemes on 
pedestrian safety and obtain results in a short period of time. 

2. Methods of Indirect Measurements 

So far. road safety has generally been described mainly in terms of accidents, 

e.g.: 

- absolute accident figures 
- spacial distribution of accidents 
- composition of accidents 
- accident characteristics (accident rate. density. load). 

Since this research project concentrates on pedestrian safety. the use of ac
cidents as road safety criteria does not seem to be quite appropriate for the 
purpose of analyzing the effects of traffic restraint measures: 

- In residential areas pedestrian accidents are rare events. 
The analysis would therefore require data collected over long periods of 
time before and after the measures of redesign. 

- Much time would have to go by before being able to analyze the effects of re

modelling the streetscape. 

For that reason. a method of indirectly measuring pedestrian safety by means 
of systematic behavior studies. volume counts and studies of driver behavior 
was used for the purpose of the analysis planned. 
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2.1 Use of the pedestrian conflicts technique for checking effectiveness 

A method specially designed to study the safety of pedestrians crossing road
ways was developed by ERKE (1979). This method enables systematic observations 
of traffic behavior and critical situations between pedestians and drivers to 

be carried out. 

The method is based on the definition of encounters between pedestrians and 
drivers on the roadway where their lines of movements are likely to intersect. 

An encounter is thus defined as follows: 

A car-pedestrian encounter takes place when both have come so close to one 
another that mutual behavioral adjustments are necessary. 

According to ERKE's definition (1979). a car-pedestrian encounter. depending 
on the de,gree of danger inherent in the situation. can be in the form of a safe 
encounter or develop into a conflict: 

A safe form of encounter is defined as a car-pedestrian approach leaving suf
ficient time for behavioral adjustments to both parties. 
An encounter turns into a conflict when the car-pedestrian approach has come to 
a point that collision is imminent unless one or both parties hurry to change 
their course of movement. Evasive action on the part of pedestrians (e.g .• 
stopping. walking faster) or that of drivers (e.g •• braking, accelerating,swer
ving) indicate the presence of a conflict and also enable the degree of serious

ness of the conflict to be distinguished. 

The seriousness of a conflict can be described by the time left to the parties 
involved to make their intention to change their behavior known to each other. 

In validation studies, ERKE was able to confirm the relationship between pedes
trian accidents and conflicts for signal-controled intersections and segments 
of major raods. The relationship between encounters and pedestrian accidents 
was furthermore confirmed by experiments relating to segments of major roads. 
However. the results cannot be directly applied to the residential quarter of 
Berlin under study, since in this case only local roads or streets without any 

special pedestrian traffic control measures were investigated. 

The technique applied is a modification of the concept developed by ERKE, 
ZIMOLONG and GSTALTER, mainly consisting in the recording of data in diag,-am-
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matic form. The definitions of conflicts and encounters are consistent with the 
ones provided by ERKE. Great significance was attached to a high rehability of 

observers. 

The sites selected were under observation for the period of a day each in the 
before-and-after study. Data was collected from 7:30 a.m. to 5:45 p.m. and 
during observation periods of 5 hours. 

The field observations -- from the viewpoint of the pedestrian -- covered va
rious forms of car-pedestrian interactions and, additionally, some obeserva
tions of the behavior of drivers and pedestrians on the traffic scene: 

- conflicts, encounters and conflictless infractions of regulations by pedes
trians (FV) were plotted in the form of arrow diagrams (similar to accident 

diagrams); 

results from the additional observations of behavior were recorded in tabu

lar form. 

The observations were linked with traffic volume counts: 

- number of pedestrians crossing the roadway (crossings) with a breakdown by 
age, location and site; 

- number of vehicles (car volume) with a breakdown by direction of travel and 

type of vehicle. 

Sites of observation were access points to the residential area, intersections 
and street segments. Separate records were used for each site. 

The records of the encounter, conflict and FV data enable a description of each 
event to be made using the following parameters: 

- location of event 
road users involved in an event 

- direction of car travel 
- type of car maneuver 
- direction of pedestrian movement from the point of view of the driver 

- actual direction of pedestrian movement. 

The four last mentioned parameters are the ones establishing the type of en
counter, conflict or conflictless pedestrian infraction (FV). 
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Other entries provide information on: 

- time of event 
- degree of seriousness of conflicts 
- pedestrian behavior (with respect to encounter, conflict, conflictless pedes-

trian infraction) 
driver behavior (only in connection with encounter or conflict). 

2.2 Measurement of driver behavior 

Traffic restraint measures arede~gned to slow the traffic stream and allow 
drivers sufficient time to stop for pedestrians to get by. The traffic sign 
325 StVO (German Highway Code), used to mark protected residential areas, re
quires that drivers operate their cars at pacing speed. However, since driver 
behavior depends on a number of parameters, such as the ones named below, it 
would not be reasonable to expect all drivers to drive at pacing speed in pro
tected residential areas: 

driver 
vehicle 

experience, attitude, psychic pattern, trip purpose 
type of vehicle 

roadway width, alinement, roadway surface 
traffic traffic density and flow 

- weather conditions: rainfall, visibility (daylight, dusk, darkness). 

Traffic restraint measures can be designed to change the roadway parameter by 
means of necked-down sections, allowing for deviation alinements or raised pa
ving. To find out the effects of changing the roadway parameter, it is impor
tant that other parameters be kept as constant as can be accomplished. There
fore measurements were based on the following marginal conditions: 

- vehicle 

- traffic 

only passenger cars were counted (because of the small 
size of the sample, other vehlcles were left out of con
sideration) 
only undisturbed trips were recorded') 

weather conditions: measurements were only conducted in daytime, dry pavement 
and good visibility conditions. 

1) An undisturbed trip is defined as a trip not hampered or hindered by pre
ceding or oncoming cars, crossing pedestrians or pedestrians walking on the 
roadway along the street at any time. 



-~ 

- 7 -

Driver characteristics had to be left out in this connection. 

The measurement of undisturbed trips enabled direct information about the ef
fects of constructional measures on driver behavior to be obtained because 
drivers, under conditions of undisturbed travel, chose to travel at the speeds 

they consider to be optimal for their purpose. 

The measures designed to narrow the roadway, provide for deviation alinements 

or the raising of certain roadway sites had been expected to lead to breaking 
and acceleration reactions. To be able to also record and study these effects, 
the spot speed spectrum or the spectrum of maximum speeds over a stretch of 
road would not have been satisfactory by themselves. It was necessary to 
determine and evaluate the pattern of speeds on defined stretches of road 

(areas where traffic restraint were applied) as well. 

Due to the catalogue of requirements laid down, a technique was used enabling 
continous speed measures to be carried out (cf. WIMBER u. ERKE, 1981). 

The measuring technique consisted of a speed sensor (double-radar system deve
loped by AEG-Te1efunken) for automatic data detection and recording. 

Speed measurements over long stretches of road, however, are problematic on 
urban roads because crossing traffic (pedestrians and cars) disturbs the pro
cess of resording. For that reason, test sections of about 40 m 1enght each 
were selected. In the redesigned street network, these were the sites including 
slightly raised pedestrian pavings, deviation alinements or intersection areas. 

For the purpose of evaluation, the analogue speed plotting that were available 
had to be converted into digital form. Further data processing was performed 

by means of a' large-scale computer and included: 

- speed differentiation (= acceleration) 
integration of speeds (= travelled distance) 

- graphical representation of the speed-acce1eration-trave11ed 
path relationship on a graphic display system 
correction of speeds (removal of disturbance factors without falsifying the 

actual pattern of speed) 
printing of speed (v) data in terms of (m/s) and (km/h), acceleration (b) in 

(m/s2), and travelled path (s) in (m), based on t = 0,1 s 
- graphic representation of the plotted curves for v and b over s 
- evaluation of statistical characteristics (parameters). 
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3. Problems Involved in Checking Effectivness 

3.1 Pedestrian traffic behavior 

The central problem of checking the effects of measures is finding the right 
measurements by which the effectiveness of pedestrian safety measures can be 
checked. Since conflicts between pedestrians and cars are bound to occur also 
in protected residential areas, the assessment of traffic facilities with res
pect to pedestrian safety is essentially an assessment of the relative safety 
of such facilities for pedestrians. This was to be established by means of be
fore-and-after comparisons or simultaneous comparison of traffic facilities of 

different configuration. 
The problem involved in checking the effects of measures can be best exxpressed 

by asking the following questions: 

(1) How does a certain increase or decrease in the number of encounters or con

flicts affect road safety? 

(2) Which variables are to be assigned to conflicts or encounters to describe 
them as relative in order to obtain information about the risks of traffic? 

(3) Based on which variables can conclusions on the agreement or discrepancy 

between objective and subjective safety be drawn? 

(4) By what means are conclusions, based on the behavior observed, to be drawn 

with respect to the acceptance of measures? 

To (1) - The number of encounters describes the number of situations in which 
accidents can occur. The number of encounters also includes safe forms 
of encounter, that is to say encounters not involving a risk of colli

sion. 
- The number of conflicts describes the number of situations in which 

collisions are imminent, unless road users change their course of ap

proach. 
- A change in the number of conflicts or encounters is thus only indica

tive of a possible change in pedestrian safety. The examination of the 
effects of restraint measures requires that more complex interactive 

relationships be considered. 

To (2) - The assessment of pedestrian safety on streets in protected residential 
areas might at first be approached by means of the relationship between 
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the number of conflicts and the number of pedestrians crossing the 
roadway or using it to walk along the street. This relationship des
cribes the risk of conflicts pedestrians using the roadway are ex
posed to. 

- One of the objectives of traffic restraint measures is to ensure grea
ter safety for pedestrians in car-pedestrian encounters, since the 
measures are not designed to do away with these. Instead, care should 
be taken to provide an environment in which drivers and pedestrians 
alike will feel naturally inclined to be more considerate to one 
another. 

- Applying the method of conflict observation selected, conclusions as 
to this question are possible based on the relationship between the 
number of conflicts and the number of encounters. This relationship 
-- let it be called conflict rate in the following -- is a means of 
describing the risk of conflict inherent in a car-pedestrian encoun
ter. 

- A number of studies performed by ERKE (1979) and ALBRECHT and SCHOTTLE 
(1979) revealed that this measure of risk can well be used to obtain 
confirmation of the risk exposure of pedestrians of different age 
groups and involved in different traffic situations. 

To (3) - It can be expected that pedestrians of different age (children, juve
niles, adults, elderly pedestrians) react differently to an altered 
streetscape. The effects on pedestriarr safety will vary accordingly 
with age and the situation at hand (pedestrian walking alone, in a 
group, child in the company of an adult). 

- These differences can be explained by means of the objective and sub
jective safety model (KLEBELSBERG, 1977). 

- For that reason, apart from the conflicts and encounters, the modes of 
pedestrian behavior indicative of feelings of subjective safety and 

acceptance of measures are also taken into consideration. 
- -The following modes of pedestrian behavior were identified as indica-

tions of subjective safety: 
breaking traffic rules without the consequence of a conflict because 
vehicles are not on the scene and an encounter thus out of question 
(crossing the roadway at an oblique angle, walking along the roadway, 
crossing intersections diagonally); 
playing of children on the roadway; 
not minding car traffic when crossing the roadway; 
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accompanying children crossing the roadway. 

To (4) - The following modes of pedestrian behavior were identified as indi-

cations of the acceptance of measures: 
choice of the location to cross the roadway (intersection or road 
segment); 
utilization of facilities provided for greater relative safety in 
crossing the road. 

3.2 Driver behavior 

Speeds and acceleration 

The method of measurement selected was designed to provide the spread of speed 
and acceleration data over a section of road of each vehicle observed. Speed 
data are recorded every 0.02 s and converted into speed and acceleration data 
based on 0.1 s intervals. 

Each plotted curve represents the behavior, conditioned by personal, situative 
and local factors, of a driver of a particular car. By superimposing all (up 
to 118) curves, information about the spectrum of driver behavior can be ob
tained. However, for the reason that the reading of so ma~y superimposing curves 
is not an easy matter, the representation of driver behavior in relation to the 
various restraint measures performed was limited to some typical curves in each 

case. 

However, the representation of driver behavior by means of the typical speed 
and acceleration data obtained from the before-and-after and with-and-without 
studies only provides trend data on Lhe effects of the alteration measures. 
Statistical driver behavior characteristics are a more appropriate means of 
assessing the very effects of the various types of alteration measures carried 

out. 

The criterium selected to evaluate the effects of alteration measures on driver 
behavior is the aforementioned speed of 20 km/h, defined as the upper limit of 
"driving at walking pace". Necked-down roadway sections, slightly raised paving, 
and deviation alinements should not be the cause of abrupt braking or accelera
tion reactions. Accelerating to 20 km/h after having passed an intersection or 
made a turn is considered as "permissible" range of acceleration. On the test 

sections, which are all beginning at least 30 m behind an intersection, the ac

celeration values should ideally ag<:in be close to the zero range. 
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Speed spectra 

The information on driver behavior by means of typical speed and acceleration 
data can be substantiated by means of statistical speed spectrum characteris

tics. 

For the representation of driver behavior the accumulated frequency curve of 
the speeds exceeding the average speed and of changes in speed on the test 

section are used. 

Since it cannot be ~xpected that all drivers drive at walking pace (max. 20 
km/h) in protected residential areas, a permissible range of average speeds by 
which the success of restraint measures can be evaluated needs to be defined: 

The large-scale experiment "Traffic Restraint in Residential Areas" performed 
by the State of North-Rhine Westphalia was based on the following requirements: 
85 per cent of the speed measured in protected residential areas were to be be
low 20 km/h and none was to exceed 30 km/h. 

4. Final Remarks 

4.1 Use of the pedestrian conflicts technique (FKT) 

Compared with the analysis of accidents, the FKT has the advantage that --
under the condition that conflicts and accidents be closely related -- other 
fairly frequently observed events (infractions, conflicts, encounterd) can ad
ditionally be used to determine the risk road users are exposed to. It is fur
thermore possible to survey and record, "simultaneously with conflicts, several 
other characteristics features of a site under observation, such as traffic 
volume, weather, constructional pavement elements, etc. Given careful training 
of the observation staff, conflicts should be recorded with adequate reliability. 

4.2 Continuous speed measurements 

The method designed to provide continuous speed data is simultaneously provi
ding a considerable amount of driver behavior data and a wide field for explo
ration and evaluation of test results therewith. The most important evaluations 
carried out within the frame of this program of testing are represented in the 
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form of typical speed and acceleration patterns and in the form of the frequen
cy distribution of speed spectra. 

The measuring technique applied has so far only been used in the case described 
and is thus limited to basic research schemes, such as the experimental alte
ration of residential areas by means of implementing restraint measures. The 
method of continuous speed measurements can be used in this context to optimize 
measures of speed restrictions planned. 
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Fig. 1: Types of Restraint Measures Applied in the Area Under Investigation 
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INTERSECTION 1: NECKED-DOWN APPROACH 

INTERSECTION 1.1 

Necked-down roadway on one or two approa
ches to the intersection 

INTERSECTION 1.2 

Necked-down roadway with raised paving on 
one approach 

INTERSECTION 2: DEVIATION ALINElffiNT 

- Necked-down roadway on all approaches to 
the intersection 

- PE!sed paving on the whole intersection 
area (or red gussasphalt) 

Deviation alinement (to the right) 

DRIVEWAY: NECKED-DOWN PAVEMENT 

- Necked-down and raised paving or specially 
marked crossing 

Fig. 1 (continued): 
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SEGNENT 1: NECKED-DOWN PAVEMENT 

SEGMENT 1.1 
_ Roadway narrowed in its entirety 
_ Parking places marked on both sides 

(parking parallel to curb at night
time only) 

_ Parking places are interrupted by 
driveways 

SEGMENT 1.2 
_ Roadway narrowed in its entirety 
_ Parking places on one site only 

Parking Places interrupted by circu
lar beds around trees 

_ Wide raised paving and marked crossing 

SEGMENT 1.3 
_ Roadway narrowed in its entirety 
_ Parking places on both sides 
_ Parking places interrupted by circu

lar beds around trees 
_ Cobblestone pavement on both sides in 

addition to necked-down roadway 

SEGMENT 2: DEVIATION ALINEMENT 

SEGMENT 2.1 
_ Roadway narrowed in its entirety 
_ Parking places on one side only 
_ Parking places interrupted by raised 

paving (in the form of "ears") 
Wide raised paving and marked crossing 

_ Deviation alinement in front of and 
behind the crossing including loading 
zone (red asphalt pavement) 

SEGMENT 2.2 
Roadway narrowed in its entirety 

_ Parking places marked on both sides 
(parking parallel to curb at night
time only) 

_ Parking on alternate sides of the 
street possible 

_ Raised Paving with marked crossings 
_ Deviation alinpment in the loading 

zone (red asphalt pavement) 
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ABSTRACT 

The danger of traffic is commonly determined by the occurence of 
accidents. This paper presents some of the history of alternative 
~easures for describing traffic unsafety (measurement of so-cal- ' 
·led conflicts). It also gives the results of a series of research 
projects aimed at the development of a conflits observation tech
nique for the estimation of the safety of child pedestrians in re
sidential areas. 
The reliability, practical applicability and validity of the deve
loped technique prove to be satisfying. 
It is concluded that the use of this technique seems to be justi
fied for those situations in which accident rates are relatively 
low, e.g., in residential areas. This is not only because of the 
strong relationship between serious conflicts and accidents but 
also because other potential alternative indicators for the esti
mation of traffic unsafety often used in practice, such as traffic 
volumes and subjective estimation of risk by residents, had little 
success in predicting accidents. 

Introduction 

When speaking about the dangers of traffic, most of us think of accidents. 

The extent of traffic unsafeness is usually described by the occurence of ac

cidents. 

However, recorded accidents are rather unsatisfactory indicators for traffic 

unsafety. 

a) The registration of accidents is limited and not always reliable 

or complete. With respect to the first, the extent of limitation 

of the registration depends on the definition of accidents. 

If one defines an accident as "a collision which results in the 

death of one (ore more) of the partiCipants", all accidents in 

Holland are recorded. If one chooses, as we do, a definition of 

an accident as "a collision between an traffic participant and 

another participant or an object regardless of the results of 

that accident in terms of victims or material damage", only a 

small, unknown fraction of all accidents is recorded. 

b) Although (even if one only speaks about recorded accidents) ac

cidents happen frequently and qualifications such as "a modern 

epidemic" (1979) seem to be quite apt, they are still relatively 

rare events. It is, e.g., hardly possible to trace, within a 

short time, unsafe locations or to evaluate traffic safety mea-

sures. 

c) The fact that accidents must take place before one can determine 

the risk of locations is, from an ethical point of view, a basic 

disadvantage. 

There is a need for a more frequently occuring and measurable phenomenon than 

the accident as a criterion for traffic safety. 

Conflict observation 

To gain some insight into the effect of safety measures in a relatively small 

area, we decided to follow a trend in the research that concentrates on fin

ding an alternative indicator for safety that, in its origin, started back 

in the nineteen forties. In aviation, "pilot errors" or "critical incidents" 

were then used as measures of safety performance (Fits & Jones, 1947; Flana

gan, 1954). 

The term "conflict" in traffic safety resarch was introduced by Perkins antI 
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Harris (1967). All research in this area originates from their work, although 

it must be mentioned that it was Spicer (1971) who, by means of introducing 

a new concept (severity grade), did much to promote the conflict observation 

technique. 

There is agreement among the research workers in this area on the use of the 

term "conflict" and even on the main aspects of the operational definitions 

of conflicts (namely, evasive or avoidance actions). 

However, there seems to be some confusion regarding the place of the conflict 

in the traffic process, as illustred in figure 1. 

For some, the conflict is an event that precedes an evasive action that can 

be either succesful or not succesful (collision) .. For others, it is the same 

as a near-miss situation ~fter an evasive action. In this last view, a con

flict cannot lead to collision but is an event parallel with a collision. 

Figure 1. Place of the conflict in the traffic process 

.------- ---1 
ENYlROMMEIIT 

r-~I-~~~-~ 
r.=- -- --.---- .--
: ;;~;,,~) l;;;;;-T;I~S 
! -

a) Conflict as potential accident. 
Evasive action - sometimes combi
ned with distance between partici
pants - indicates previous con
flict. 

EKYIROIKHT 

TRAfFIC PARTICIPANTS 
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b) Conflict as near-miss situation. 
Just succesful evasive action (see 
text) - sometimes combined with 
distance between participants -
indicates conflict. 

At the time that we started our research in this area, three main conflict 

techniques existed, each with their advantages and shortcomings (table 1): 

a) the traffic conflicts technique of Perkins and Harris (1967, 1968, 

1969) ; 

b) the traffic conflicts technique of Spicer (1971, 1972, 1973); 

c) the time - measured - to collision technique* of Hayward (1972). 

Table 1. positive and negative aspects of the three conflicts techniques 

technique advantages disadvantages 

Perkins - objective definitions in terms - reliability not tested 
and Harris of evasive actions and traffic - no substantial and stable 
(1967, 1968 violations relationship with acci-
1969) - easy applicable (direct observa- dents (validity) 

tion at spots) 

Spicer - introduction of severity grade: - subjective operational de-
(1971, 1972 distinction of serious and less finitions of conflicts 
1973 ) serious conflicts (5 levels) - reliability not tested* 

- strong association between se-
rious conflicts and accidents 

Hayward - objective registration of the - validity not tested 
(1972) time-measured-to-collision by - expensive equipment 

means of video- and computer - practical application not 
equipment always possible 

* Given the estabilished relationship between conflicts and accidents, a rea
sonable amount of reliability (in this case intra-rater-reliability) must 
exist. 

In terms of our interest - the safety of pedestrians, especially children - a 

general disadvantage was that none of the above-mentioned techniques took pe

distrians into account. 

The development of a conflict observation technique 

I 

I 

I 

Despite the mentioned disadvantages of the conflict techniques, this approach 

seemed to be the most promising with regard to the problem we faced: the estima

tion of the safety of (child) pedestrians in situations where accident data are 

* The time-measured-to-collision (TMTC): "The time required for two vehicles 
to collide if they continue at their present speeds and on the same path" 
(Hayward, 1972, p. 9). 
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very scarce. Especially the results of the work of Spicer (1971, 1972, 1973) 

seemed to be encouraging enough to justify attemps in this direction. 

OUr work which was aimed at developing a reliable and valid conflict observa

tion technique that could be used for the prediction of the safety of children 

as pedestrians consisted of four steps: 

1) operationalisation of the concept "conflict". Operational definitions 

of conflicts have to be objective. If strict objectivity is not pos

sible, intersubjective agreement between expert observers can replace 

objectivity (de Groot, 1966); 

2) a test of the reliability: do observers using the operational criteria 

for conflicts reach agreement in the judgement of situations (inter

rater-reliability) and are individual observers stable in their judge

ments (intra-rater-reliability); 

3) a test of the practical applicability of the conflict observation tech

nique in field situations; 

4) a test of the validity of the conflict technique 

operationalisation 

Following the work of others (particulary Spicer, 1971), we defined a serious 

conflict as: "a sudden motor reaction by a party or both of the parties invol

ved in a traffic situation towards the other to avoid a collision, with a dis

tance of about one metre or less between those involved". 

The criterion of "sudden" was determined empirically: observers had to judge 

reactions of participants in traffic situations to see whether they used certain 

common criteria in their judgements (the traffic situations were recorded on 

videotape). A discussion afterwards resulted in a detailed list of criteria that 

could be used to indentify four types of reactions (from "no reaction", scale 

value 0, up to "sudden reaction", scale value 3) of different kinds of road 

users. 

Reliability 

With respect to the reliability, the following can be stated: even unselected, 

untrained observers were fairly capable (by using the developed list of crite

ria) of judging the reac.tions of traffic participants. 

The mean coefficient for the intra-rater-reliability (10 observers jugded 54 

evasive actions) varied from r = .85 (judgement of the reactions of w~ppled 

traffic) to r = .95 (judgements of the reactions of pedestrians). The results 

of the test of the inter-rater-reliability were smaller: r = .75 (reactions, 

wheeled traffic) and r = .87 (reactions, pedestrians). Selection and training 

of observers yielded better results with respect to the inter-rater-reliabili

ty: r = .85 and r = .94 (a new team of 8 observers judged 54 reactions). 

Some definitions 

Besides "serious conflicts" (characterized by "sudden evasive actions with a 

distance of about one metre or less between those involved"; popular: "just 

succesful evasive actions"), we distinguish "conflicts", "intensive contact

conflicts", "contact-conflicts" and "contacts". These distinctions are based 

on 6 different combinations of "sudden", "less sudden" and Itnonsudden" reac-

ttons with "short distance" (± one metre or less) and "less small distance" 

(± 2 - ± 20 metres). The covering concept is called "an encounter", which is 

defined as "a motor action by a party or both of the parties involved in a 

traffic situation towards the other to avoid a collision, with a distance of 

20 metres or less between those involved". 

Practical applicability 

In two field studies (Guttinger, 1976; 1979) the practical applicability of the 

conflict observation technique by means of so-called sector and personal obser

vation was found to be satisfactory. 

The method of sector observation is especially suited for the determination of 

the risk of certain spots, e.g., an intersection or a part of a road. 

In the case of personal observation, individual road users (in our situation, 

child pedestrians) are followed for a certain time. This method is suited for 

the comparison of larger environmental units (e.g., neighbourhoods), for the 

detection of high risk spots within large areas or to trace the relative risks 

for certain child pedestrians or groups of child pedestrians. 

With both methods, an amount of information which gives a good idea of what 

happens between child pedestrians and wheeled traffic in residential areas can 

be collected within a fairly short time period. 

If accident figures are used as criteria for road safety in the same situation, 

nothing can be said about traffic dangers for pedestrians in a comparable short 

time. 

The possibility to use serious conflicts as an alternative measure of traffic 
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safety, of course, depends on the relation between these serious conflicts and 

accidents. 

Validity 

A study of the predictive validity of serious conflicts constituted the fourth 

step in our research. 

Such a study has its limitations. Those factors that were the motivations for 

our attempts to find alternatives for accidents as indicators of traffic safe

ty (the fact that accidents are relatively rare and the poor accident recor

ding) interfere with the validation of the conflict observation technique. 

Some remarks must be made with respect to the statistical testing of the rela

tionship between conflicts and accidents. 

If a correlational model is chosen, it is necessary to take a random sample of 

locations from the popUlation of all locations. 

Here, we are faced with two problems: 

1) we do not know the population of locations; 

2) to assure that the sample contains locations where accidents have taken 

place, it has to be of rather large size (because accidents per loca

tion are rare). 

If one chooses a regreSSion model for testing the relationship between conflicts 

and accidents, where random samples of locations with 0,1,2,3,4, etc., accidents 

must be taken, one is confronted with a comparable problem: we do not know the 

populations of locations with 0,1,2,3,4, etc., accidents. 

What was our solution? 

Based on the accident records of 4 municipilities of 1972 up to and including 

1976, we selected a total of 25 road sections (max. length = 100 metres). The 

number of accidents (involving child pedestrians) per location varied from 

o to 5 (in five years). Each section was observed for 34 hours (after school 

hours and not during the weekend). 

We will present the relations between conflicts as we observed them and acci

dents that happened in the previously chosen years in terms of product-moment 

correlations (but note that, because our sample was selected, estimation of 

the correlation coefficient of the population is not possible). If we find a 

relationship between conflicts and accidents, how strong must it be to indi

cate a certain validity of our method? 

We formulated two demands. 

1) The relation must be stronger than between exposure variables (traffic 

volume, volume of pedestrians, products of both) and accidents. In 

other conflict studies (Baker, 1972; Paddock, 1974; Glennon & Thorson, 

1974), exposure seemed to be the explanatory variable of estabilished 

relations between conflicts and accidents. 

2) The relationship must be stronger than between subjective feelings of 

the residents regarding the safety of the locations under study and 

aCCidents. If this subjective safety is strongly correlated with ac

cidents, the need for an instrument such as the conflict observation 

technique is doubtful. 

Results: a) conflicts and accidents. 

Of all types of encounters, serious conflicts correlated best with accidents: 

r = .51, P < .01 (see table 2). 

Table 2. Matrix of correlations of the different types of encounters and re
ported accidents 1972 - 1976 

f,edo", 
conflict 

conflict 

intensive con
tact - conflict 

contact -
conflict 

intensive 
contact 

se e Ice cc re e E A 

.65 .68 .63 .68 .61 .73 .51 
p<.OOl p<.001 p<.OOl p<.OOl p<.001 p<.001 p<.Ol 

.75 .91 .74 .89 .96 .23 
p<.001 p<.001 p<.001 p<.OOI p<.OOI p>.05 

.81 .80 .69 .85 .34 
p<.OOI p<.OOI p<.OOI p<.OOI p<.05 

.65 .90 .96 .37 
p<.OOI p<.OOl p<.OOI p<.05 

.64 .80 .15 
p<.OOI p<.OOI p>.05 

.94 .36 
contact p<.OOI p<.05 

total of 
encounters 

I~ccidents 
t972 - 1976 

.35 
p<.05 
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It can be concluded from table 2 that the combination of the two variables 

distance and reaction is essential in defining the different types of en

counters. 

Encounters characterized by short distances do not correlate better with ac

cidents than those characterized by greater distance, nor do encounters fea

turing sudden evasive actions show a better correlation with accidents than 

those characterized by nonsudden actions. 

Although serious conflicts show the strongest relation with accidents (a con

firmation of Spicer's findings (1971, 1972, 1973», they explain only 25% 

(r' x 100) of the variance in recorded accidents. 

This does not seem to be high enough to justify the use of serious conflicts 

as a criterion for traffic safety. 

Addition of the other encounters as predictor variables (multiple correlation) 

yielded a correlation of r = .68, p < .001, which explains about 50% of the 

variance. 

Table 3. Matrix of correlations between the different types of encounters 
(leaving cyclists out of the calculations) and reported accidents 
(1972 - 1976) 

se e Ice cc le e E A 

serious .57 .5:' .62 .66 .62 .68 .82 
conflict p<.OOl p<.OOl p<.OOl p<.OOl p<.OOl p<.OOl p<.OOl 
-------------------------------------------------------------------------------
conflict .73 .91 .79 .90 .95 .26 

'I p<.OOl p<.OOl p<.OOl p<.OOl p<.OOl p>.05 
-------------------------------------------------------------------------------
intensive con- 1 .82 .85 .66 .82 .31 
tact - conflict p<.OOl p<.OOl p<.OOl p<.OOl p<.05 

contact -
conflict 

intensive 
contact 

contact 

total of 
encounters 

accidents 
1972 - 1976 

.77 .91 .97 .38 
p<.OOl p<.OOl p<.OOl p<.05 

.71 .85 .34 
p<.OOl p<.OOl p<.05 

.95 .41 
p<.OOl p<.05 

.41 
p'.05 

---------~~~------

It must be noted, however, that recorded accidents do not include collisions 

between pedestrians and cyclists, because these collisions seldom result in 

injury (criterion for recording). In our observations, we also recorded encoun

ters between pedestrians and cyclists. 

Leaving these kinds of encounters out of the calculations, we found a correla

tion of serious conflicts with accidents of r = .82, P < .001 (table 3). If 

all types of encounters are used as predictor variables, the multiple correla

tion is r = .88. 

If we plot the relation between serious conflicts and accidents, the regres

sion shows a strong linear component. 

Figure 2. Serious conflicts (X) versus accidents (Y) 

SCATTERDIAGRAM OF (DOWN) Y ACCIDENTS (ACROSS) X2 SERIOUS CONFLICTS 

0.55 1.65 2.75 3.85 4.95 6.05 7.15 8.25 9.35 10.45 

5.00 * * 
4.50 

4.00 ** * 
3.50 

3.00 * ** * * * 
2.50 

2.00 * ** * * * 
1.50 

1.00 * * * 
0.50 

0.0 ** * * * 
0.0 1.10 2.20 3.30 4.40 5.50 6.60 7.70 8.80 9.90 11.00 

5.00 

4.50 

4.00 

3.50 

3.00 

2.50 

2.00 

1.50 

1.00 

0.50 

0.0 

CORRELATION ·(R)

STD ERR OF EST -

PLOTTED VALUES -

0.81525 

0.91962 

25 

R SQUARED 

INTERCEPT (A) 

EXCLUDED VALUES -

0.66464 

0.43776 

o 

SIGNIFICANCE < 
SLOPE (8) 

0.001 

0.36713 

MISSING VALUES -

b) exposure data and accidents. 

Of all of the exposure variables we used, none yielded a better correlation 

with accidents, as can be seen in table 4. 
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Table 4. Matrix of correlations between exposure variables and recorded acci
dents (1972 - 1976) 

exposure variable r P 

traffic volume . 30 >.05 

volume motor traffic* .35 <.05 

volume child pedestrians .42 <.05 

volume protected child pedestrians** .31 >.05 

volume unprotected child pedestrians .44 <.01 

product of and 3 exposure .39 <.05 

product of 2 and 3 exposure 2 .40 <.05 

product of and 5 exposure 3 .41 <.05 

product of 2 and 5 exposure 4 .41 <.05 

If we add exposure variables to serious conflicts in our prediction of recor

ded accidents, we can see that they explain very little variance in addition 

(table 5). 

Table 5. 

serious conflicts + 
volume motor traffic 

serious conflicts + 
volume child pede-
strians 

serious conflicts + 
volume unaccompanied 
child pedestrians 

serious conflicts + 
vol.mot. traf. x vol. 
child pedestrians 

serious conflicts + 
vol.mot.traf. xvol. 
unacc. child pede-
strians 

multiple 
corre
lation 

.82 

.82 

.82 

.82 

.82 

partial correlation 
serious conflicts 

and accidents. 
Exposure constant 

.79 

.77 

.77 

.78 

.77 

partial correlation 
exposure and 
accidents. 

Serious conflicts 
constant 

.14 

-.12 

.11 

.05 

. 04 

* Because of aforementioned reasons (collisions between cyclists and pede
strians do not result in recorded aCCidents), cyclists are left out of 
the calculation. 

** Protection: presence of adults. 

c) subjective safety and accidents. 

Subjective feelings of the residents regarding the safety of the locations 

under study did not show much relation with the actual safety or hazards for 

children* . 

Conclusion 

Considering these results and considering also that 

a) pedestrian accidents involving children in residential areas happen 

so infrequently that they cannot be used to arrive at statements 

about traffic safety; and 

b) if after years of data collection there are "enough" accidents to 

make statements about the traffic safety, these statements are of 

little value because too much has changed, 

we feel that serious conflicts (as we defined them) between child pedestrians 

and wheeled traffic can be used to arrive at statements about traffic safety. 

However, the conflict observation technique is not yet suited to predict ac

cident rates. It can be used for comparing situations (areas, roads, intersec

tions, etc.) and for arriving at statements in terms of relative safety. 

ACKNOWLEDGEMENT 

The author whishes to thank Mr. M.L.I. Pokorny and Mr. C.H.J.M. Opmeer for 

their critical comments on earlier versions of the manuscript. 

REFERENCES 

BAKER, N.T. An evaluation of the traffic conflicts technique. Highway Res. Re
cord (1972) no. 384, 1-8 

FITS, P.M., & R.E. JONES. Analyses of factors contributing to 460 "Pilot-Error" 
experiences in operating aircraft controls. Z.Pl., Aero Med.Lab. (Wright 
Patherson Air Force Base (Ohio) , 1947, Army Air Forces Material Command) . 
Engin.Div., Rep. TSE-AA-694-12 

* Within a radius of 100 metres of each location, parents were asked questions 
like: "does yom' child play at that location"; "has your child to cross that 
location";"if so, do you assist your child"; what is your opinion of the sa
fety of that location", etc. Only one significant correlation was found: at 
Ioca tions where chi] dren of ages 0 - 4 years were allowed to play, mori' acci
dents had occurn'd (r ~ .40, p < .05)! 



-Q\ 
-.J 

FLANAGAN, J.C. The critical incident technique. Psych.Bull. 51 (1954) 327-58 

GLENNON, J.C., & B.A.THORSON. Evaluation of the traffic conflicts technique; 
final report. Kansas City (Missouri), Mid-West Res.Inst. 1975 

GROOT, A.D., DE. Methodologie; grondslagen van onderzoek en denken in de ge
dragswetenschappen (Methodology; foundations of research and thinking in 
social sciences). 3e dr., 's-Gravenhage, Mouton, 1966 

GUTTINGER, V.A. Veiligheid van kinderen in woonwijken. 2. Toepassing van de 
konfliktmethode in een veldonderzoek (Safety of children in residential 
areas. 2. Application of the conflict Inethod in a field study). Leiden, 
NIPG/TNO, 1976 

GUTTINGER, V.A. Spelen en lopen in een woonwijk; onderzoek in Gouda: Bloemen
daal-Oost (Playing and walking in a residential area, research in Gouda: 
Bloemendaal-OOst). Leiden, NIPG/TNO, 1979 

HARRIS, J.I., & S.R. PERKINS. Traffic conflict characteristics. In: Proc. Auto
motive Safety Seminar, Milford, 1968, 1-7 

HAYWARD, J.C. Near miss determination through use of a scale of danger: paper 
presented at the 51st Annual Meeting of th~ Highway Res.Board, 1972, 
Pennsylvania, Transport. & Traffic Safety Center/Pennsylvania State Univ., 
1972 

PADDOCK, R.D. The traffic conflict technique; an accident prediction method; 
2nd ed. Ohio, Dept. Transport. (Bur. Traffic Control) Dir. Highways, 
1974 

PERKINS, S.R., & J.I. HARRIS. Traffic conflict characteristics; accident poten
tial at intersections. Werren (Mich.), Electr.Mech.Dept.Res.Labs Gen.Mo
ters Corp., 1967 (Res.Publ. GMR-718) 

PERKINS, S.R. GMR traffic conflicts technique procedures manual. Werren (Mich.), 
Automotive Safety Res.Electr.Mech.Dept.Res.Labs Gen.Motors Corp., 1969 

SPICER, B.R. A pilot study of traffic conflicts at a rural dual carriageway in
tersection. Crowthorne (Berkshire), Road Res.Lab./Road User Characteris
tics Section, 1971 (RRL Rep. LR 410) 

SPICER, B.R. A traffic conflict study at an intersection on the andoversford 
by-pass. Crowthorne (Berkshire), Transp. Road Res.Lab./Dept.Environm., 
1972 (TRRL, Rep. LR 520) 

SPICER, B.R. A study of traffic conflicts at six intersections. Crowthore (Berk
shire), Transp. Road Res.Lab./Dept. Environm., 1973 (TRRL, Rep. LR 551) 



~ 

~ 

ABSTRACT 

SHORT TERM EVALUATION OF SAFETY 

COUNTERMEASURES - TWO EXAMPLES OF 

EXPERIMENTS WITH SPEED-REDUCING 

COUNTE~~EASURES IN SWEDEN 

Christer Hyd~n 

Per Garder 

Leif Linderholm 

Department of Traffic Planning and Engineering 

Lund Institute of Technology 

Lund, Sweden 

The need for surrogates to accidents for the evaluation of 

accident-risks resulted in the development of a Traffic 

Conflicts Technique at the department. The Technique was 

first presented in 1976. Modifications have been made 

during the last years and right now a project is on-going 

aiming at validating a new technique with a modified 

definition of a serious conflict. An international coopera

tion in the area is established and joint activities are 

planned aiming at comparing techniques developed in 

different countries. 

The paper also deals with the extensive research work that 

is under way at the department on the effects of actual 

speed-reductions in urban areas. The speed reduction is 

achieved by physical measures such as humps etcetera. 

Experiments are carried out on different types of streets, 

ranging from local residential streets to arterials carrying 

ten to fifteen tJ-,cu:;;:md vehicles a day. The results so far 

are very promising and it seems as if speed-reduction is 

a very interesting complement or alternative to the traffic

safety measures traditionally used. 

1. INTRODUCTION 

The traffic safety research at the department has during 

the last years focused on safety in built-up areas. In 

these areas the unprotected road-users, especially pedes

trians and bicyclists, have been the main groups of 

interest. 

Strong efforts have been made to develop techniques of 

observing road-users in spontaneous traffic situations. 

The most important technique that may be mentioned is the 

Traffic-Conflicts Technique first time presented in a 

report 1976 (1). Since then the technique has been applied 

to a lot of different research projects. The most important 

areas of concern are: 

- The effects of speed-limits outside schools 

- The effects of different signal-control systems at inter-

sections 

- Ditto for mid-block signalisation of pedestrian and 

bicycle crossings 

- The relations between geometrical layout and safety for 

pedestrians and bicyclists 

- The effects of speed-reduction through physical measures 

(humps, etcetera) in residential areas 

- The effects of a general speed-reduction in urban streets 

where an effective separation of road-users in time or 

space can't be achieved 

- The further development of the Traffic-Conflicts Technique. 

This paper starts with a presentation of the Swedish Traffic 

Conflicts Technique. In the last part of the paper results 

from two research projects are presented. The studies deal 

with the short-time evaluation of the effects of speed

reducing countermeasures. 
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An estimation of the short-time effects on safety may 

include a great number of indirect measures. Below, there 

is a presentation of the department's most commonly used 

measures at before and after studies. 

1) Serious conflicts 

Conflicts are in most studies used as the primary measure 

to indicate changes in accident-risks as police-reported 

accidents at most occasions are too few. 

2) Vehicle speeds (8S-percentile speeds, mean speeds and 

speed variations). 

In some studies even the conflict-frequency is too low. 

Vehicle speeds are then one out of a number of measures 

used to indicate changes in accident-risks. 

3) Road-user volumes 

Exposure might have changed, i e vehicle-drivers may 

use alternative routes after the change. 

4) Road-user behaviour 

Generally these behavioural studies are used to follow up 

whether the countermeasures introduced fulfil the 

operational criterias set up. The behavioural measures 

also indicate the road-user "acceptance" of the counter

measures introduced. 

Behavioural studies are often carried out at more than 

one occasion after the implementation of the counter

measure. This gives the opportunity to follow in detail 

the adapt ion of the road-users to the countermeasures. 

A fairly great number of behavioural studies are normally 

carried out. Some of the most important studies may be 

mentioned: 

- Eye movements by drivers. 

3 

- Head movements by pedestrians and bicyclists. 

- Pedestrian, bicyclist, car driver gap acceptance. 

- Crossing location for pedestrians and bicyclists 

(related for instance to the existance of zebra 

crossings, the distance to an intersection etcetera). 

- Accelerations and deceleration by car drivers. 

- Road-user behaviour at traffic signals. 

S) Attitudes of road-users, residents, etcetera 

Indicates changes in the subjective feeling of safety, 

views on the operation of different countermeasures, 

etcetera. 

A safety evaluation normally include studies of as many 

of those measures mentioned as possible. The results are 

combined and different models are used to achieve as 

accurate estimations of safety as possible. 

Safety is only one aspect that may be influenced by the 

implementation of the countermeasure. A lot of other 

aspects has to be taken into account. So far the following 

aspects have been included in our studies. 

- Delays 

- Capacity 

- Service level 

- Vehicle costs (including fuel costs) 

- Maintenance 

- Noise pollution 

- Air pollution 

- Vibrations 

- Implementation costs. 

The results are not, so far, combined to give some kind of 

benefit-rate of different countermeasures. In a coming 

project a model for a widened cost-benefit analysis will be 

developed. 
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2. DEVELOPMENT OF A SWEDISH TRAFFIC-CONFLICTS TECHNIQUE 

2.1 Background 

It is of obvious interest to be able to estimate risks for 

different road-users at various locations e.g. when prior it

ing safety-measures between different sites, when choosing 

counter-measures, and when evaluating their effects. The lack 

of an effective method to evaluate these effects makes 

traffic safety planning on local and federal levels ineffec

tive. This means that the most cost-beneficial solutions 

rarley are chosen and sometimes even that supposedly safety

beneficial solutions have a negative effect on the safety 

without so beeing found out until many years after the 

implementation of the countermeasure. 

Traditionally the only method of estimating risks has been 

by analysing accidents. This is however very time-consuming 

and there are often interfering changes in the variables 

that preferrably should be kept constant during the period 

of analysis (i e traffic intensity). Furthermore, information 

of how and why the accidents have occured is lacking. These 

facts combined with the low percentage of occured accidents 

that ever get reported naturally make accident analysis far 

from perfect. 

Many of the problems related to the analysis of accidents 

could be solved by estimating the risks indirectly by a 

"Conflict-TechnJque" Work with developing such a technique 

started at our department in 1973 and a technique for oper

ational use was specified in 1974. Since then the technique 

has been modified and is still under further development, 

but many of the bases are unchanged. 

5 

The uasic hypothesis, unchanged since 1974, says that there 

is a distinct relation between conflicts with a certain 

degree of seriousness and accidents. When these relation

ships have been determined the technique is practically 

useful. This means that after a conflict study has been 

undertaken actual accident risk can be calculated with a 

known degree of uncertainty. 

Below the different phases of the development of the swedish 

technique will be described. 

2.2 The original technique 

The following definition was used: A serious conclict occurs 

when two road-users are involved in a conflict-situation 

where a collision would have occured within 1,5 seconds if 

both road-users involved had continued with unchanged speed 

and direction. The time is calculated from the moment one of 

the road-users starts braking or swerving to avoid the 

collision. 

The recording of conflicts was and still is made by observers 

at the traffic site. Tests show that observers, after 

approximately four days of training, are able to recognise 

serious conflicts with a large degree of certainty. 

To analyze the relations between accidents and serious con

flicts, studies were made in a total of 115 intersections in 

three stages: 

1. Malmoe 1974-75, 50 intersections 

2. Malmoc 1976, 15 intersections 

3. Stockholm 1976, 50 intersections 

At each intersection, conflict registration was made durinq 

approximately seven hours and then compared with previous 
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accidents of personal injury during seven to eight years. 

Analysis showed that two factors had a definite influence 

upon the relations between police reported accidents with 

injuries and serious conflicts, namely the kind of road-

user involved and the general speed level at the intersection. 

The following average connections were obtained between the 

number of police reported accidents with injuries and the 

number of serious conflicts during the same period of time. 

TABLE 1: ORIGINAL CONVERSION FACTORS BETWEEN SERIOUS 

CONFLICTS AND INJURY ACCIDENTS. 

ROAD-USERS 

CAR-cAR1) CAR-PEDESTRIAN 
SPEED LE.VEL CAR-BICYCLE 

IDW-SPEED SITUATIONS, i.e. situations with 
urning Ilotorvehicles involved, and 3,2 14,5 
~ituations with straight-on driving motor-
~ehicles in low-speed intersections (non- (2,2-5,1)2) (12,2-17,4)2) 
~ignalized, mean speed < 30 km/h fran all 
~ccesses) 

~IGH-SPEED SITUATIONS, i.e. situations wit!" 
~traight-on driving motor-vehicles in 13,2 77 ,2 
~ignalized- and highspeed intersections 

(11,2-15,1)2) (64,8-91,92 ) (non signalized with a mean speed> 30 km/I-
fran at least one access) -

Attention! All values in the table should be multiplied by 
-5 the factor 10 

1) The concept "car" includes lorries and buses. 

2) Confidence interval with 90 % degree of confidence. 

The results obtained in the project shows that the developed 

conflict-technique offers practical application, mainly 

within the following areas: 

- Description of present state of situations involving risk 

in urban traffic. This description includes causes likely 

1 

to arise situations involving risk, suitable countermeasures 

for increasing traffic safety and their probable effect. 
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Pilot and follow-up studies to establish the effect on 

traffic safety of countermeasures implemented. The con

flict-technique offers possibilities to study both the 

immediate and long-range effect of countermeasures. 

The only preparation needed, is a few days training of 

conflict-observers. 

2.3 New calculation of conversion rates 

The original technique, as described above, proved to work 

fairly well in operation but had some weaknesses. Therefore 

the technique was slighly changed in order to give better 

accident-risk-predictions. 

The most important weaknesses of the original technique 

were: 

1) that the method did not give satisfying results for 

predicting accident risks in car-car situations, when 

dividing these into different types of accidents 

2) that the predicted risk of accident for two identical 

conflicts could be different in different types of 

intersections. 

To solve weakness 1) analyses were made that showed that 

car to car situations should be divided into at least two 

groups, considering the risk of injury, namely 

A) situations where the angle between the directions of 

the involved cars is under 900 • These situations are 

symbolized with "Car-Car 1/". 

B) situations where the angle is over or equal to 900 . 

These situations are symbolized with "Car-Car 1". 
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Conflicts of type A turned out to be approximately four 

times as frequent as type B per reported accident with 

injury of the same type. 

Weakness 2) that two identical conflicts lead to injury 

accidents with various probability depending on where they 

occur have been solved by developing a new model for calcu

lation of risk. The new model is built on the assumption 

that serious conflicts can lead to personal injuries with 

different probabilities, depending on their degrees of 

seriousness. Because of the basic structure of the data a 

division of conflicts has only been made into two classes 

of seriousness. A new method of calculation has also been 

used to determine the connection between police-reported 

accidents with injuries and serious conflicts. 

The following average conversion rates were received 

between the number of serious conflicts and the number of 

accidents with injuries. 

TABLE 2: NEW CONVERSION FACTORS BETWEEN SERIOUS CONFLICTS 

AND INJURY ACCIDENTS. 

SITUATION 
CAR-cAR II CAR-cAR 1 CAR-PEDESTRIAN 

OJNFLICl' 
CAR-BICYCLE 

Class_l 

Speed < 35 km/h 0 2,4 9,6 
1,0 ~ TTC ~ 1,5 sec 

g1ass_~ 

Other conflicts 2,8 11,9 33,9 
with TTC ~ 1,5 sec I 

I 

--

Attention! All values in the table should be multiplied by 
-5 the factor 10 • 

2.4 Present work 

The conversion rates between conflicts and inj ury-accidents 

4,0 

3,0 

2,0 

1,0 
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will in the continuing work be determined in two stages: 

1. to determine the probability of each conflict leading 

to an accident 

2. to determine the probability of each accident leading 

to personal injury 

It should be possible to describe the probability of a con

flict leading to an accident by the degree of seriousness 

of the conflict, which mainly depends on speeds, time

margines and possibilities of avoiding the accident. 

'rhe factors determining the probability of an accident 

leading to personal injuries are mainly type of road-users 

involved, speed at collision and angle of collision. 

The conclusion of this theoretical discussion is that a 

threshold-level depending on the actual speed should be used 

instead of the fixed 1,5 seconds. 

A number of smaller studies in rural areas at intersections 

with varying speed-limits led us to set up the following 

tentative definition of a serious conflict: 

A conflict is serious if the time-margin that remains when 

the evasive action is started is not more than the braking

time at hard breaking on slightly wet pavement plus half a 

secound. The half of a second can be regarded as the remaining 

reaction margin. The relationship is illustrated in the figure 

Tl1rCS!101d-value of TTC 

S0n-~erious conflicts 

.L_ L_ ._J 

1 (J 70 30 

FIGURE 

.r; 'l'LN'l'ATIVE DEFINI'I'JON OF A SERIOIJ:; ('ONFLICT 

BASED O~l '!'IME TO COI.LISIONAND TilE /I("J'UAL 

SPEED OF' ROAD-US,.:RS INVOLVED 

!~tl\'t·d 

40 1,0 nl~h 
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During the years 1980 to 1983 a 0,7 million kronor (US $ 

130 000) project is carried out sponsored by state funds. 

This project aims at finding the most relevant definition 

of a serious conflict. The definition mentioned above is 

one that is going to be tested. When the optimal definition 

has been chosen the technique will be validated. To be 

able to test as many definitions as possible the conflicts 

are recorded with extended information in comparison to 

what the final recording-procedure probably will include. 

2.5 International cooperation 

The international cooperation in this area was started 

through a meeting of researches from twelve different 

countries in Oslo, Norway, 1977. State of the art papers 

from all countries were presented and discussed (6). 

A second meeting took place in Paris, France, 1979 (7). 

This meeting was preceeded by a joint comparative study 

in Rouen, France. Five countries, Germany, Great Britain, 

France, Sweden and the USA, participated in the study. 

The comparisons of the results indicated rather big 

differences in what was recorded and judged as serious 

conflicts. However all the teams identified approximately 

the same safety problems. 

One of the outcomes of the Paris-meeting was that an 

international organisation was established. (Inter-

national Cooperation of Traffic Conflict Techniques (ICTCT)). 

The main purposes with this organisation are to maintain 

contacts and distribute information among the researches. 

A Steering group was also formed wich right now is planning 

a follow-up of the pilot study in Rouen. 

3 
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A GENERAL SPEED-REDUCTION AS AN EFFECTIVE TRAFFIC 

SAFETY MEASURE 

3.1 Introduction 

The safety of unprotected road-users has latterly been 

given increased concern by the politicians. Strong efforts 

have been made to provide a safe separation between 

different road-users. The best examples of this, influencing 

unprotected road-users, are signalization of intersections 

or mid-block crossings for pedestrians and cyclists and 

construction of tunnels/bridges for pedestrians and 

bicyclists. 

Signalization of intersections has proved to have a positive 

effect on the total number of injury accidents. Looking at 

pedestrian safety, however, the effect of signalization 

varies considerably from one intersection to another, and 

the average effect seems to be less positive than for 

other classes of road-users. Two old studies are found 

illustrating the effects on accidents of signalization of 

intersections. 

TABLE 3: THE NUMBER OF ACCIDENTS BEFORE AND AFTER 

SIGNALIZATION OF 21 INTERSECTIONS IN LONDON (2) 

The number of Accidents 

Involved 2 Years 2 Years Control 

Before After 
Coefficient Accident Rate 

Pedestraians 36 33 1.10 0.83 

Bus-pass 9 12 1.02 0.31 

Bicyclists 51 29 1.05 0.54** 

Motorcyclists 31 20 1.32 0.44* 

Others 41 22 1.28 0.42** 

'lbtal 168 116 1.16 0.60** 

* Significant difference on the five-percent-level 

** Significant difference on the one-percent-level 
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Control Coefficient The ratio between the number of 

accidents before and after periods 

in the same district as the observed 

location 

Accident Rate The ratio between the number of accident 

after signalization and the adjusted number 

of accidents before signalization. 

TABLE 4: THE NUMBER OF ACCIDENTS BEFORE AND AFTER SIGNALI

ZATION OF 12 INTERSECTIONS IN STOCKHOLM (3) 

The Number of Accidents 
Involved 

Before After Number of accidents after 
Type Number of accidents before 

car-car 
right angle 124 15 0.12 

car-car, other 66 81 1.23 

car-pedestrian 7 15 2.14 

'lbtal 197 111 0.56 

With these studies as a basis, it seems difficult to prove 

the hypothesis that signalization of intersections has 

reduced the number of pedestrian accidents. The reason may 

be found in the following analysis of'pedestrian accidents 

at signalized intersections. 

TABLE 5: THE DISTRIBUTION OF PEDESTRIAN ACCIDENTS AT 

SIGNALIZED INTERSECTIONS ACCORDING TO CAR DRIVER 

AND PEDESTRIAN BEHAVIOUR. 

City Number of in- Number of Percentage Percentage Percentage 
tersections pedestrian of accidents of accidents of accidents 

accidents where pedes- where driver where both 
trians walked drove against parties 
against red red travelled 

against green 

Stockholm 22 54 50 13 37 

Malno 12 41 41 12 47 

13 

Thus, most accidents were due to a disregard for the traffic 

regulations. There is obviously a great discrepancy between 

behaviour anticipated by planners and actual behaviour. 

Pedestrian behaviour at signalised intersections has been 

studied in a special project at the department (4). This 

study focused on finding out why pedestrians walk against red 

light. It can be concluded from this study that it seems 

difficult to decrease the number of red-walking pedestrians 

dramatically only by changes of intersection design or signal 

timing. A great change of attitudes seems to be the only 

realistic way of reducing the walking against red. There is 

however no easy and short-term solution to this problem. 

New measures therefore have to be considered that are based 

on the actual behaviour of different types of road-users. 

This includes driving against red as well as walking against 

red and walking nearby the crossing. 

Signalization of mid-block crossings is a relatively new 

type of regulation in Sweden. Studies of the safety effects 

through accident-analyses have not yet been carried out. 

There are, however, a number of behavioural studies carried 

out that clearly illustrate the problems. 

TABLE 6: PEDESTRIAN USE OF ~iID-BLOCK SIGNALIZED CROSSINGS 

City 

Malno 

Cbthenburg 

Pedestrian crossings 

On the marked crosswalk Outside the crosswalk but less 
than 20 rreters away from the crosswalk 

Against Against Against Against 
green light red light green light red light 

# % # % # % # % 

868 76 179 16 0 0 92 8 

55 24 70 31 15 7 88 38 
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TABLE 7: CAR-DRIVER BEHAVIOUR AT MID-BLOCK PEDESTRIAN 

SIGNALIZED CROSSINGS 

City Cars stopping at red light Cars driving against red light 

# % # % 

Malno 

G:>thenburg 

1340 

146 

97 

87 

43 

21 

3 
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These studies seem to establish the general problem as one 

of traffic disobedience. Many studies have shown the extreme 

risks associated with walking or driving against red lights 

or with walking near but not within a signalized crosswalk. 

When risk-figures are applied to the shown figures for 

pedestrian and driver behaviour, the rate of pedestrian 

accidents hardly drops when mid-block signalization is 

introduced. Instead, new types of accident problems arise. 

Pedestrian and bicycle tunnels or bridges seem to have the 

same kind of problems that are described before for signali

zation namely d.isobediance of the rules. Many different 

studies have shown that the number of at-grade crossing 

pedestrians and bicyclists normally is high. Both pedestrians 

and bicyclists won't accept detours (even small ones) and 

they for instance don't accept to walk "in the wrong direc

tion" to get to the tunnel or bridge entrance. These prob

lems are clearly demonstrated in a study from the city of 

Vetlanda in Sweden (5). 

r I 
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As can be seen a detour of 30 meters is not accepted by 79 % 

of the pedestrians. When there is no detour 88 % accepts to 

use the tunnel. 

3.2 Conclusions regarding the present safety situation 

It can be concluded that the present organisation of urban 

traffic creates a lot of unsafe situations. A real separa

tion in time or space of different road-users seems to be 

impossible to achieve, at least in built up areas not 

originally planned for separation. 

The different countermeasures mentioned before primarily 

aims at solving the problems at one pOint. As was demonstra

ted not even this goal is achieved. Besides new types of 

risks are introduced, risks that often are much higher than 

those present before the implementation of the new counter

measures. 

A final conclusion must be that new types of countermeasures 

has to be tested, countermeasures that may have a more 

general effect on all kinds of accident risks over the whole 

street network. 

One such countermeasure of great interest is a general speed 

reduction. In the following arguments are given to support 

this statement. There are also the results of two empirical 

studies of the effects of speed reductions. 

3.3 Vehicle speeds from safety point of view 

Vehicle speeds play an important role in most accidents. 

Even if the speed not always is a primary cause a lower 

~peed would have influenced the outcome of the vast majority 

of the situations. A lower speed has a positive influence 

on many factors. The most important ones are: 
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- The time offered for each part in t.he process of information 

collection. Lower speeds mean more time for information 

collection and the probability of a succesfull detecti0n 

and a relevant action increases. 

- The possibility of communication with other road users 

Normal travelling speeds on arterials today are 50-60 km/h. 

These speeds are too high and they don't make communication 

possible. The car driver simply isn't prepared for conflicts 

for instance with intersecting pedestrians or bicyclists. 

If a pedestrian mis-judges the speed of an approaching car 

and starts crossing, the car driver therefore is not 

prepared to avoid an accident. 

- The probability of an accident if a car driver gets involved 

in a conflict. The most common accident-avoiding manoeuvre 

is braking. The braking distance is proportional to the 

square of the speed. A lower speed therefore means a great 

increase in the probability of a succesful avoiding-action. 

- The severeness of an accident involving a motor-vehicle 

The relation between accident-severeness and vehicle-speeds 

is.well established. 

The additive effect on safety of all the factors mentioned 

above means that even fairly small reductions of the average 

vehicle speeds might increase safety considerably. 

Except for reducing the average speeds there is from the 

safety point of view an interest in decreasing the speed 

variation. One extreme, but very good example on this is the 

speed variation at signals when approaching vehicle-drivers 

face the change between green and red signal. 

In Sweden most vehicle-drivers seem to have a definitive wish 

not to stop. Most of them even increase their speed to reach 

the goal. Some drivers however make the opposite, they slow 

down and stop for amber. 'rhis variation in behaviour creates 

17 

very many rear-end accidents at Signals today. 

3.4 The relation between vehicle speeds and delays 

High vehicle speeds on parts of the urban street network 

not necessarily mean that road-user delays are minimized. 

For instance the accepted time-gap of intersecting road

users is related to the speeds of the vehicles travelling 

along the street that has to be passed. If speeds are 

reduced the average waiting time for intersecting road

users decrease. This reduction of the averagg waiting times 

may be quite large even at fairly small speed-reductions. 

Intersections on arterial streets are quite often provided 

with traffic signals. Signals however creates an increased 

delay for a great part of the road-users compared to non

Signal situation. One reason for this is that signals have 

to be provided with a so called "safety time" between each 

change of phases. During this "safety time" no road-user is 

supposed to use the intersection. 

3.5 Other aspects on vehicle-speeds 

A general reduction of vehicle speeds may have various 

effects on fuel consumption. If speeds however become more 

homogenized the number of accelerations and decelerations 

(including full-stops) will decrease and the fuel consump

tion most pro0a01y also will decrease. In spite of a reduc

tion of vehicle speed below the optimal one the fuel con

sumption might be reduced if the average waiting time and 

number of stops are decreased. It's not yet clear in what 

types of intersections, and under what circumstanses, this 

will occur. 
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4 RESEARCH ON THE EFFECTS OF SPEED REDUCTIONS 

4.1 Introduction 

It can be concluded from last chapter that speed-reduction 

is a very interesting general safety-measure. This might be 

true for a big part of the urban street-net!:lork ranging from local 

residential streets to arterials carrying heavy traffic

volumes. 

A general speed-reduction has the potential of solving the 

safety problems much more generally than the countermeasures 

used so far. Thus a reduced speed may lower the accident

risks for all kinds of road-users in all environments under --- ---
all conditions. 

The discussions in the last chapter also indicated that speed

. .reductions may be beneficial to delays for all kinds of road

users and for fuel consumption. 

The main questions are how great the safety-benefits might be 

at various speed-reductions and what other effects will be the 

result of the different reductions of speeds. 

Earlier research activities have made it quite clear that the 

only possible way of achieving an effective speed reduction 

on a short-time basis is to implement physical countermeasures 

that force the driver to slow down. The most common ones are 

humps, extreme narrowing of streets and boxes organised so 

that vehicle drivers are forced to winding manoeuvres. The 

countermeasures are also used in combination. 

During the last years a number of different speed-reducing 

countermeasures have been developed and tested at the 

department. Countermeasures are developed for different 

types of roads and for various speed-reductions. Special 

humps are also developed that enables buses to pass with 

a maintained high degree of comfort. 
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The research activity in this area is very high at the 

department right now. Experiments are carried out on various 

types of roads, areas etctetera. All possible aspects of a 

speed reduction are tobe studied. 

In the next section of this paper two studies of the effects 

of speed-reductions will be presented. 

4.2 The effects of a speed-reduction in an ordinary four

way street intersection 

In the city of Malmo (250 000 inhabitants) the first 

experiment with speed-reduction at an intersection was 

carried out. The intersection is located semicentrally in 

the city. The intersection is totally uncontrolled; that is, 

the right-hand priority rule is valid. Each of the two inter

secting streets carries around 4.000 vehicles a day. 

Pedestrian and bicycle volumes are great. Speed reduction 

was achieved by road humps which were found to be effective 

in reducing speeds in other studies. The hQmps were located 

as illustrated in the figure 
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_ C::--.J~ C...::::.::J . 
I 1 I I ~r"fflc p-~ f::"~-::.J ~ C-=:l -- cor,aol 

--~=-'-~l- ::: rl J C:.:::J__ hump ~ 

0000 _ 
~ 

FIGURE J: I N'l'l:RSECTION WITH ROAD IIUMPS IN MALMtl 

The humps are of the type recommended by the National Road 

Safety Department in Sweden, and were originally introduced 

and tested by Watts at TRRL in the United Kingdom. 



~ 
-.l 
OQ 

20 

1 •• , •• IU1_ I ----~~~~\~~~~'~~-~-·~0~~~~ ,~~~~,~~ R~l'~'H 
--- -' ~ .. ~- .' .. , .. --'"'' "'~ .. :.~ - ~ ---

Lr...,lh) I ... 

FIGURE 4: RECOM.'1BNOED HUMP DES [GN 

Before and after-studies were carried out as follows: 

Oct/Nov -78 May -79 Oct/NQv -79 __ ~eEt/Nov -80 

Before-study Humps installed After-study I After-study 11 

SAFETY 

The Traffic Conflicts Technique was used to enable a quick 

evaluation of safety effects and to enable more than one 

check after the installation of the humps. Observations were 

carried out five weekdays in each study, five hours a day. 

TABLE 8: THE NUMBER OF SERIOUS CONFLICTS BEFORE AND 

AFTER THE INSTALLATION OF THE HUMPS 

Car-car Car-bicycle Car pedestrian Total 
# % # % # % # % 

Before 40 100 36 100 33 100 109 100 

IAfter I 18 45 9 25 5 15 32 29 

IAfter 11 16 40 (29) * --- 10 30 (55)*---

* Since the initial survey the number of bicyclists has 

increased by 60 percent. 

In Table 8 the marked percent reduction in the number of 

serious conflicts for all types of road users is significant 

(at least on the one percent level) between the before and 

after studies. 

The safety effect of the speed-reducing humps is strengthened 

by the fact that cars involved in conflicts travel at lower 

speeds. 
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§£eeds 

Speeds for approximately 6 000 vehicles were measured during 

two week-days. 

TABLE 9: MEAN SPEEDS AND REDUCTIONS OF SPEEDS CAUSED BY 

HUMPS 

Private cars Heavy vehicles 
Mean (km/h) Percent Mean (km/h) Percent 

Before 20.6 100 20.0 

After I 15.1 73 14.3 

After 11 15.8 77 14.9 

'fABLE 10: 85-PERCENTILE-SPEEDS AND REDUCTIONS OF SPEEDS 

CAUSED BY HUMPS 

Private cars Heavy vehicles 
85%-ile Percent 85-%ile Percent 
(km/h) (km/h) 

Before 31 100 29 100 

After I 21 68 19 66 

After 11 21 68 21 72 

The proportion of t~e total number of vehicles driving 

faster than 30 kilometers per hour were 13.8 % in the 

before study, 1.7 % in the fizst after study and 1.3 % in 

the second one. 

It can be concluded from the study that: 

Speed was reduced most in traffic flows that were the 

fastest before the installation of the humps. 

The results of the two "after" studies are essentially 

the same. 

The speed of all vehicles is low after installation of 

1 DC 
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the speed-reducing humps and the rang~ of vehicle speed 

within flows is small. Thus, speeds are homogenized and 

more compatible to that of bicyclists and pedestrians. 

Vehicle volumes 

Vehicle volumes are unchanged. 

Vehicle delays 

The calculations of actual delay caused by the humps are 

derived from the speed measurements. Delay is also theore

tically calculated for a signalization of the intersection: 

Actual vehicle delay caused by speed reduction due to 

humps: 2.8 seconds. 

Theoretical vehicle delay caused by a signalization of 

the intersection: 6.7 seconds. 

Attitudes 

Many different studies were carried out. Interviews and 

enquetes including different classes of road-users as well 

as people living close to the intersection were made. 

Generally people were very much in favour of the hump instal

lation. For instance 84% of the car drivers ment that the 

humps should be kept in this intersection and 77% of them 

agreed with the statement that humps should be installed in 

"many more similar intersections". 

Most road-users, except for drivers of emergency vehicles, had 

no bad experiences of passing the intersection and most of them 

had the opinion that safety was increased. 

Costs 

The hump installation costs were 25 000 SEK (appr. 4 500 US$). 

This may be compared to the implementation costs of a traffic 

signal that would have been 300 000 SEK (55 000 US$) at this 

intersection. Maintenance costs are roughly 3 000 SEK (550 US$) 
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per year for the humps and 20-30 000 SEK (3 600-5 500 US$) 

for the traffic signals. 

4.3 The effects of area-wide speed reductions 

In the last decade a number of area-wide traffic regulations 

have been introduced in Sweden. The basic idea is that through

traffic, should not be able to pass through an area on local 

roads but have to use the surrounding arterial roads instead. 

These regulations are implemented through the introduction 

of one-way streets, cul-de-sacs, special streets for buses 

only, etcetera. 

The safety effects of such regulations have proved to be 

fairly beneficial especially within the areas. (Excluding 

the surrounding roads). There are however some obvious 

disadvantages: 

The surrounding roads are often carrying large traffic 

volumes even before the regulations. After the regulations 

they have to carry more vehicles, thus worsening the great 

problems according to safety, air and noise pollution on 

these roads. 

- 'rhe surveyability of the area is reduced. 

- A large portion of the vehicletrips in the area will 

include a detour, which means longer travel-times, larger 

fuel consumption etcetera. 

- Less traffic within the area often means higher vehicle 

speeds which might increase accident-risks related to 

the number of vehicle-kilometers travelled. 

To meet with these problems a general speed-reduction has 

come up as an interesting alternative to road-closures, 

one-way streets etcetera. 
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One of the first experiments has been carried out in the part 

of Stockholm called Vasastan. In cooperation with the local 

authorities the department has carried out a short-term 

evaluation of the effects. A draft report has been produced 

by the local authorities of Stockholm (8). 

The countermeasures introduced can be seen in the figure be] 01.-.1. 

Ek~'~'~ % 11-
. A_,., m==:~ 1.1 
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Od.lIgftl.n 

Ili,l JfL 
FIGURE 5: T~FFIC REGULATIONS IMPLEMENTED. 

~ Road closed for all motor-vehicle 

=- C:The road closed for all motorvehicles except for 

·buses and taxis 

~ The level of the zebra crossing is increased to 

the level of the sidewalk 
~ Humps (same type as in the Malmo-experiment) 

~~ Street narrowed to 3.0 metres 

1IIIThe level of the pavement in the intersection is raised 

to the level of the sidewalk 

t Regular bus-routes 
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In addition to the speed-reducing measures some street

closures were considered necessary. The regulations were 

implemented in October/November 1980. At the same time a 

general speed limit of 30 km/h was introduced in the whole 

area. Due to big house-construction activities in the east 

part of the area almost no measures were implemented in that 

part. 

Down below a summary of the findings are presented . 

Traffic volumes 

In the figure on next page traffic counts before and after 

the introduction of the regulations are presented. 

The total vehicle volumes doesn't seem to have been influenced. 

There is however a big variation in the route choice before 

and after. Traffic has been moved to the surrounding streets. 

This is mainly due to the street-closures that were carried out. 

It is obvious however that even the speed-reducing measures 

may have an influence on the route choice. On Vastmannagatan 

for example, where speed-humps are installed and no street

closure have had any important influence, the vehicular traffic 

has dropped by approximately 35 %. 

Traffic safety 

The accidents one year before and one year after has been 

analysed. In the western part, where the speed-reducing 

measures were introduced, the total number of accidents 

within the area has dropped from 20 to 3 and the injury 

accidents from 5 to O. On the surrounding streets the 

total nllinber of accidents has increased from 35 to 39 and 

the injury accidents from 16 to 17. 
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x/y = vehicle 
volumes in 
thousands before/ 
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FIGURE 6: VEHICLE VOLUMES BEFORE AND AFTER REGULATIONS 

Even though the accident figures are fairly small there is 

a very significant drop in the number of accidents within 

the area. The accident rate (accidents per vehicle-kilometres) 

has decreased by 7S % in the area. 

The department has carried out conflict-studies in the two 

intersections where the level of the pavement is raised to 

the level of the sidewalks. The results of these studies 

are very similar to the results mentioned before from the 

study of humps at the intersection in Malm6. The results 

indicates that accident-risks have decreased by 70 %. 

Vehicle speeds 

A great number of speed measurements have been carried out 

before and after the implementation of the measures. 

Figure 7 gives an .oveview of the 8S-percentile speeds. 
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FIGURE 7: VEHICLE SPEEDS. 

z 
o 

I~ 

The speeds on streets where only a 30 km/h speed-limit was 

introduced are not changed. On streets furnished with 

different physical measures however, speeds are reduced 
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considerably. Speed-humps seem to be the most effective 

measure tested. At the passing of one of the humps on Vast

mannagatan the 8S-percentile speed is reduced by 23 km/h. 

Half-way between two humps, 60 metres apart, the 8S-percen

tile speed has decreased by 14 km/h. 

At the two intersections where the pavement level is raised 

the 8S-percentile speeds of approaching vehicles in all 

directions is 18-19 km/h, a decrease by S-7 km/h. 

Generally it can be stated that the speed-reducing measures, 

especially the humps, have proven to be very effective in 

reducing speeds even on longer distances, presupposed the 

distance between two consecutive measures do not exceed 

50-100 metres. 

Attitudes 

A questionnaire was distributed to people living in the 

area. On the question "Are the regulations good or bad if 

all consequensies are considered?" the following answers 

were obtained: 

Good 47 % 

Neither good nor bad 18 % 

Bad 26 % 

Don't know 9 % 

The question "What should be done by the local authorities 

according to the speed-reducing measures introduced?" was 

answered as follows: 

Extend the number of speed-reducing measures 34 % 

Just ke'_~p the present measures 2S % 

Reduce t.he number of speed-reducing measures 10 0 

Get rid of all the speed-reducing measures 14 

Don't ):now 17 

4.4 
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Implications of Speed Reduction on Urban Transpor

tation 

Some important hyphoteses can be offered based on the 

experience collected so far: 

o The main hypotheses is that an actual speed reduction of 

10-lS kilometers per hour in urban areas will reduce the 

number of injury accidents to less than half. 

o For cars on arterials, travel time will increase, but in 

most cases by less than 2-3 minutes for a single trip (for 

distances not exceeding 10 kilometers). 

o Waiting time for all road users crossing arterials will 

be heavily reduced. 

o Capacity will increase when speeds are reduced to 35-40 

kilometers per hour. This means that the need for signali

zation of intersections from a capacity point of view 

decreases. (The main hypothesis implies that there is no 

need of signalization from a safety point of view) • 

o Lower and more even speeds will lead to a more comfortable 

way of driving with fewer accidents and operational diffi

culties. 

o Speed reduction may be of great interest according to 

fuel consumption as an alternative to signalization of 

intersections. 

o Speed reduction might be an interesting alternative to 

areawide regulations based on streetclosures, one-way 

streets etc. 

These and other hypotheses are going to be further tested 

in a number of ongoing projects at the department. The 

effects of actually implemented speed-reducing measures will be 

evaluated through before and after studies. Special studies 

are also going to be carried out to evaluate the long-term 

effect. 
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Risto Kulmala, Technical Research Centre of Finland 

TRAFFIC CONFLICT STUDIES IN FINLAND 

1. THE EVALUATION OF TRAFFIC SAFETY WITH THE TRAFFIC CONFLICT METHOD 

Accidents vs. conflicts 

Usually traffic safety has been measured either by the number or the 

risk of traffic accidents. In many cases this evaluation based on 

traffic accidents has not been sufficient. 

Traffic accidents are very rare and random events. Because of this 

reliable conclusions about the effects of different safety measures 

and devices can be drawn only after a sufficiently large material has 

been gathered. This usually means a wait of 3 to 10 years after the 

implementation of the studied measure if the measure was applied on 

just a few locations. In addition, many, if not most, accidents are 

not even reported to accident statistics. This causes systematic 

errors and bias in the statistics, which can result in false con

clusions about the effects of the studied devices. 

Because of the rareness and randomness of accidents researchers 

should study traffic situations, which are a) sufficiently close to 

accidents to describe traffic safety in a valid way and b) statistic

ally frequent enough events. This is portrayed in Fig 1. 

The most suitable traffic situation for research purposes can be 

found at the maximum of the product between severity and frequency 

p x n. Confl ict situations are presumably very close to such optimal 

situations. It is often reasonable to classify conflict situations 

according to their seriousness (see Fig. 2). 
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p 
SEVERITY OF TRAFFIC SITUATIONS 

Fig. 1. The frequency of traffic situations 
in regard to their severity. 

TRAFFIC SITUATIONS 

POTENTIAL CONFLICT SITUATIONS 

CONFLICTS 

SERIOUS CONFLICTS 

NEAR-
ACCIDENT~ 

ACCI- j 
DENTS 

Fig. 2. Traffic situation classification. 
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Confl ict risks 

Confl ict and accidents are, as seen before, closely related. This 

is why it can be assumed that the probabil ity for a confl ict to 

result in an accident is approximately constant in regard to road 

and traffic conditions. In such case traffic safety can be measured 

with confl ict risks instead of accident risks. This can be written: 

where 

R 
A A C 
T=cxT 

A is the number of accidents in time T, 

E is exposure to accidents (or conflicts) of the studied 

type in time T and 

C is the number of conflicts in time T. 

When the accident risk of confl icts (~) is constant, accident risk 

is proportional to the conflict risk (f). The.use of confl ict risks 

(f) as quantities describing traffic safety is very practical as 

these risks can be estimated directly by observing traffic on location 

or by simulation. 

2. STUDIES BASED ON CONFLICT OBSERVATIONS 

Observations on location 

Conflicts (serious and mild) and potential confl ict situations are 

registered by type at the field studies made by the Technical 

Research Centre of Finland. In addition, traffic flows are registered 

to determine confl ict exposure. 

Situations, where braking or weaving begins 1,5 sec or less before 

a potential coIl ision, are defined to be confl icts. The definition 

is based on the experiences gained in Sweden /1/. If braking or 

weaving is uncontrolled the confl ict is defined serious. Potential 

confl ict situations are situations, where the participants adjust 

- 4 -

their speeds well enough before the potential colI ision. All 

pa'-ticipants don't, however, behave in a way required and the 

situation nearly ends up in a confl ict. Traffic violations are 

also classified as potential confl icts. 

At the field studies the observers take such positions, where 

they can observe traffic at the studied location without disturbing 

drivers and pedestrians. Video equipment is usually situated on a 

roof, bridge of a balcony nearby. In this way people moving on the 

road very seldom notice the video camera and the camera view isn't 

obstructed. Sometimes the camera has to be installed on a roof of 

a van. Traffic radar has also been used at some field studies. 

The reliability of the observers is quite good. Only about 15 % of 

all observations are in error /3/. Still, all observations are 

checked at laboratory from the video tape afterwards. 

App 1 i cat ions 

The conflict method is especially suitable when the effects of safety 

devices and measures are to be investigated quickly. Conflict studies 

must only be made before the implementation of the device and a 

couple of months after it. The effects of the device can then be esti

mated as the observed changes in conflict risks. These changes can be 

tested i.e. by X2-test /3/. In all, a confl ict study may last 6 to 8 

months from planning to reporting. Same amount of data could well re

quire 5 years just waiting for sufficiently large accident material. 

The method has also been used in studying "black spots" and junctions. 

In addition to conflict risks and frequencies the Technical Research 

Centre of Finland usually reports the results with the help of con-

fl ict charts, such as in Fig 3. 

Next some appl fcations are presented, where the confl ict method was 

used in evaluating the effects of road safety measures and devices. 
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Fig. 3. Confl ict chart. 

The effects of pedestrian refuges was studied in Helsinki /3/. 

Pedestrian conflict and potential conflict situation risks before 

and after the building of refuges are presented in Fig. 4. The eX

posure E was for all studied pedestrian crossings the square root of 

the product between. pedestrian and vehicle flows. 
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Fig. 4. Pedestrian confl ict risks (a) and potential conflict 
situation risks (b) at different pedestrian crossings 
(Tl-T5,A), and in total (VHT) before and after the 
building of pedestrian refuges. 
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The risks for confl icts and potential confl ict situations between 

pedestrians and vehicles were about 60 % lower at the after-studies 

than at the before-studies on an average. The decrease was statistic

ally significant. 

Another study dealtwith the effects of different pedestrian crossing 

arrangements on pedestrian safety /4/. Research material consisted of 

pol ice reported traffic accidents from 6 years at 16 crossings and 

6 hours' confl ict observations at 13 of the 16 crossings. Some results 

are presented in table 1. 

Table 1. The risk differences (%) between pedestrian crossing groups 
that differ from each other in only one crossing arrange
ment (refuge/junction/signal control). 

Di ffering Compared Risk difference between crossing groups (%) 
arrangement crossing All Non-alcohol Potential 

groups acci dents accidents 
Confl icts conflicts 

Refuge (R) - R -30 (-) +7 (-) -9 (-) -77 (xxx) 
JS - RJS +111 (-) +180 (-) +332 (-) +532 (xxx) 

Junct ion (J) RS - RJS +6 (-) -7 (-) -28 (-) -2 (-) 

Signal (S) R - RS -57 (xx) -53 (-) +20 (-) -66 (xxx) 
control RJ - RJS -30 (-) -22 (-) -49 (-) -75 (xxx) 

--

The significance of the risk difference: 

when the difference is not significant, (-) 
(x) when the difference is significant at the 0,05 significance 

level 
(xx} when the difference is significant at the 0,01 significance 

level 
(xxx) when the difference is significant at the 0,001 significance 

level. 

The method has also been appl ied to highways outside built-up areas. 

On study dealt with the effects of acceleration lanes on traffic 

flows at grade-separated intersections on a four-lane divided high

way /2/. The study material was obtained at four intersections so 

that the total observation time was 22 hours. Thp exposure measure 

was the square root of the product between vehicle flows entering 
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from the ramp and driving on the right-side lane. Only 4 confl icts 

were observed during the after-studies, when the number of confl icts 

during the before-studies was 14. The confl ict and potential con

flict risks were significantly lower afte~ the building of accele

ration lanes than before. The decrease took place at the three 

busiest intersections and mainly when the pavement was si ippery. 

In another study· the effects of the replacement of crawl ing lanes 

by overtaking lanes were investigated 15/. The exposure used was 

the vehicle flow in the studied direction. The results are pre

sented in Fig 5. 
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Fig. 5. The risks of confl icts and potential confl ict 
situations before and after the lane change 
at different study locations. 

The risks were lower three months after the change (After I I-phase) 

but not significantly due to too short observation period (12 hours 
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during before and after phases). As an experiment observations 

\,/ere made at one location, NUl1l11i, just two weeks after the change 

(After I-phase). The risks were at these studies significantly 

higher than three months after the change. This was probably due 

to drivers' unfamil iarity with the new regulation or insufficient 

information in mass media. 

A major confl ict study is going on concerning the effects of the 

total change in Finnish traffic legistlation. The safety effects 

of different pedestrian-bicycle-way characteristics and arrange

ments is also under study. 

3. CONFLICT SIMULATION 

The development of a model for simulating traffic confl icts began 

at the Technical Research Centre of Finland in 1973. The model was 

first completed in 1974, but it has been improved continuously. 

The input information needed by the model consists of the geometry 

of the road environment i.e. a map of a junction, the amount of 

traffic (the number of pedestrians or vehicles in different flows), 

the speed distribution of different vehicle flows and the phasing 

scheme of the possible Signal control. 

The model generates vehicle into the system according to the input 

imformation. The moving of the vehicles is based on six different 

movement rules. Another factor affecting vehicle movements is the 

behaviour of the driver, which is described in mathematical 

functions derived in behavioural studies abroad. Because most con

fl icts are due to some shortage in the abil ity of the driver to 

observe everything going on in the traffic system a number of random 

variables has been used to describe the observation ability. The 

occurrence on a confl ict and also the severity of the confl ict are 

judged by braking dccelerations. 
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The output of the model consists of the number of confl icts in the 

time given classified by the severity and the type of the confl ict 

in different parts of the road environment studied. The model also 

gives the types of the vehicles in confl ict situations and the 

platoon length maximums in the in-coming lanes of the junctions 

and some variables describing the fuel consumption in the road 

network studied. In addition, the function of the model can be 

visual isec on a graphic terminal. 

The val idation of the model after the recent improvements and 

changes is to be carried out in 1982. Even before these improvements 

the simulated confl icts correlated highly significantly with the 

observed accidents and confl icts at the locations tested. 

The simulation model can be used both for one junction and also for 

a part of network. The only practical restriction in the road net

work size is the capacity of the used computer. 

The model is especially useful in evaluating the effects of safety 

improvement measures and devices already in the planning stage. 

even for completely new road projects. 

4. CONCLUSIONS 

The advantages of the traffic confl ict method can be summed up as 

follows: 

- effects of safety measures can be evaluated quickly, 

- good reliability especially when used with video, 

- visual demonstrations of the observed confl icts and potential 

conflict situations on video tape (or charts) can easily be made 

and are also interesting and useful for traffic planners and 

decision makers, 

- conflict simulation enables effect evaluation of safety measures 

even in the planning phase, 

- measurements on location give also lots of information about 

traffic conditions in addition to safety aspects. 

- 10 -

The disadvantages are as follows: 

confl ict observers must be effectively trained in order to gain 

sufficient reliability, 

- studies with video tend to have larger costs than conventional 

statistical studies, but the amount of additional information 

and the savings in accident costs due to shorter research periods 

compensate well for this disadvantage, 

the connection between confl icts and accidents is not known for 

all accident types or road environments, 

the connection and the ratio between conflicts and accident varies 

for different accident types and the reasons behind this variation 

are not yet known, 

- the val idity of the confl ict simulation model isn't sufficiently 

thoroughly tested. 
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SAFETY EVALUATION OF FLASHING OPERATION AT SIGNALIZED INTERSECTIONS 

D. Mahalel * ** *** A. Peled M. Livneh 

A BST RAC T 

This article focuses on the safety evaluation of stopping 

traffic signal operations at off-peak traffic hours and substituting 

a flashing amber for all directions. This control strategy is 

motivated by the need for energy conservation considerations through 

reduced amounts of acceleration and idling time of vehicles. Although 

this policy is intended for those hours when signals are not warranted 

by the low traffic volumes, there still exists the need to investigate 

the safety implications of this kind of operation. 

In the present study. a conflict was defined as "an event in 

which a road user was forced to change his path of direction in space 

and/or in time following the existence of another road user in his 

vicinity." This broad definition has freed the observer from the 

need to detect only emergency evasive manoeuvres, and therefore 

decreased the range of subjective interpretation of the observer. 

As a result, the reliability and consistency of the data has 

increased. 

The observations were carried out by trained observers at a 

sample of intersections uSing two control strategies: full signal 

operation and flashing amber phase. The observers were stationed at 

each leg of the intersection using pre-prepared forms, and noted the 

travel direction of the two vehicles involved in the conflict. The 

results showed that the most frequent type of conflict under full 

Signal operation were of the rear end type, while during the flashing 

amber operation crossing and merging manoeuvres were dominant. 

* Lecturer of Civil Engineering, Transportation Research Institute 

** Research Fellow, Transportation Research Institute 

*** Professor of Civil Engineering, Transportation Research Institute 
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INTRODUCTION 

Following world-wide increases in the price of energy, there is 
a need to re-evaluate the justifications and implications behind 
various control strategies for intersections and road sections. 
The motivation is to identify those situations in which the level of 
control can be changed, and as a result, to decrease the number of 
accelerations and waiting times while idling. Among the operational 
alternatives available for this purpose are the following : 
preference of the "give way" sign over the "stop" sign; installation 
of vehicle actuated traffic signals; a green wave; and computer 
coordinated signal network. In addition, there are various strategies 
of systems management adapted to this purpose which include priority for 
public transport, parking restrictions in city centres, etc. 

Within the framework of the current research, the latent energy 
saving resulting from the stoppage of normal signal operation at off
peak traffic hours is examined. The traffic signal is operated only at a 
flashing yellow phase for all directions of traffic. Priority is 
determined according to the traffic signs permanently situated at 
signalized intersections. The function of these traffic signs are only 
for those times when the traffic Signal is in flashing operation or when 
the traffic signal is not in operation at all. When the traffic 
Signal is in full operation, drivers are supposed to ignore these 
traffic signs. A similar approach for traffic signs at signalized 
intersectious also exists in Germany. 

Following the change of traffic signals to a flashing operation, 
we can expect a decreased amount of stops and waits while idling because 
of the following reasons : 

1) There are isolated traffic signals in residential areas or on 
certain roadways whose operation is only needed at peak traffic 
hours in the mornings and afternoons. At other hours, these 
traffic signals are not needed as the traffic volume does not 
justify their existence. 

2) There exist traffic signals which were installed according 
to planning guidelines. Traffic arrangements existing in 
the vicinity following their installation created a new 
reality regarding traffic volumes which no longer 
justified the existence of these traffic signals. For 
various reasons (some political), traffic signals are 
usually not removed once they have been installed. 

The specific aim of this research was to determine the 
range of traffic volumes whereby there would be no Significant 
safety implications for stopping traffic signal operations. 
This evaluation requires the locating of existing operational 
problems at the intersection for each range of traffic volume, 
an analysiS of these problems and giving the correct emphasis 
for the expected safety damage these problems are liable to present. 

In the following section, we will describe the methodol
ogical problems liable to arise during the safety evaluation of 
intersections. Section 3 will describe the method of work 
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employed in this research, while Section 4 will analyse the 
results obtained and will compare these results to road accident 
data. 

TI,e operative conclusion resulting from the use of the 
conflict technique in the present study was that this technique 
is very useful for locating operational problems of a safety 
nature present at intersections. In addition, there is a 
simila~ity- between the problems defined by conflicts to tyPes of 
road accidents at intersections with similar control operations. 

SAFETY EVALUATION OF INTERSECTIONS 

In a project evaluating safety levels of intersections, two 
research methodologies can be used : 

1. Retrospective Research - research based on data collection 
between two periods in the past. This type of research is 
possible when the effectiveness of control stategies or 
engineering installations in existence for a number of years 
is examined. In these ~nstances, data can be collected on 
accidents occurring in the same places, and either a "before 
and after" analysis or a comparison to a control group can 
be made. 

2. Prospective Research - research based on data collection 
between two periods in the future. This methodology is 
used when evaluating installations existing for only a 
short period of time or when will be installed in the future 
and no accident history data exists for them. Data which can 
be collected for carrying out a prospective research are : 

a) accident data 

b) conflict data 

The disadvantage in a prospective research based on accident 
data is primarily in the length of time needed to carry out the 
research (a few years). The limitations set by minimal sample 
size need a data base from existing improvements from 
relatively large. number of intersections. If we take into 
account that the safety improvement is liable to be found 
deficient or even dangerous, it is easy to describe the financial 
loss and the risk involved in this type of research. In order to 
decrease these risks, it is advisable to collect most of the data 
before deciding on commencing the improvement. That is to say, 
only in projects where there exists a firm evaluation that a 
certain improvement will be effective, is it then worthwhile 
carrying out this improvement for a significant number of inter
sections (greater than 10), and to examine the accidents which will 
take place at these locations. 

Figure 1 presents the process involved in the prospective 
research for evaluating the safety level of engineering improvements. 
The emphasis in this presentation is that the conflicts technique 
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is not a methodology to take the place of using accident data, but 
as an intermediate stage in the evaluation process. This inter
mediate stage would precede the decision to experiment on a large 
scale and over a lengthy period of time. This approach does not 
exactly adapt to the research approach at the beginning of the 
1970's where the conflicts technique was thought to replace research 
based on accident data (Perkins and Harris 1968, Campbell and King 
1970, Baker 1972, Hyden 1977). 

The consensus was that because of all the problems involved 
in accident data collection - lack of complete reporting, the need 
to use lengthy time periods and the lack of detail of definitions 
in the reporting - all these contributed to the need of searching 
for a different research tool. The answer to these problems was 
seen in the conflicts technique, and were partially realized because 
of the lack in obtaining high correlative factors between accidents and 
conflicts. In addition, there is the doubt that in part of those 
researches where there is a high correlation factor bp.tween accidents 
and conflicts, if this is not caused by the existing relationship 
between accidents and exposure. 

The definitions of conflicts as existing in the literature 
are partially affected by the current approach that a conflict is 
an event preceding an accident. Therefore, conflicts should be 
defined as all those situations similar to accident situations. 
HcFarland and Hosely (1954) were among the first to define conflicts 
as "emergency situations or critical incidents which could easily have 
led to an accident." 

Perk ins and Harris (1968) who gave an impetus to the subject 
at the end of the 1960's, defined conflicts as events similar to 
those events preceding an accident. They defined a conflict as 
an evasive action of at least one of two vehicles close by in 
time and space. An evasive action is defined either as a braking 
or lane changing manoeuvre. A similar definition was adopted in 
a comprehensive work by Glauz (1980) which examined the operational 
levels of a number of methodologies. Spicer took a more radical 
approach to defining conflicts and graded the different braking 
levels; at first into two levels, Spicer (1971) and later on to 
five levels, Spicer (1973). He found that the best correlation 
exists between severe conflicts to accidents with casualties. 

On the other side of the spectrum, there are several works 
where the behaviour of all vehicles at an intersection was measured 
in a methodological and objective manner and include AlIen et al. 
(1978), Jorgensen (1977), Hakkert et al. (1977). AlIen defined 
such indicators as gap time, encroaChment time, post encroachment 
time, while Hakkert et al. defined the sum of acceleration and changes 
of direction. Jorgensen defined such indicators as accepted gap < 
4 sec. speed> 80 km/h. and braking (g > 0). These indicators 
were measured for all vehicles and not only for that of a sub-group 
such as in research based on observed behaviour. The major 
disadvantage of these methods is the need for sophisticated 
equipment and the length of time needed for data analysis. In 
these last studies, there is a trend to view conflicts not as 
accident surrogates but as logical indicators of safety or 
operationa l problems. 
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It appears that the different versions in defining conflicts 
is especially important for finding a high correlation between 
conflicts and accidents. However, if our aim is to locate safety 
operation problems, it appears that the conflicts technique is 
robust for this definition. For a good example of this, Malaterre 
and Muhlrad (1975) described a comparative research where conflicts 
were counted at two intersections through the use of 4 different 
groups based on various methods. Despite the differences in counts 
received, the safety analysis of intersection problems was similar 
for all the groups. 

RESEARCH METHOD 

As stated previously, the aim of the research was to examine the 
safety implications involved in strategic control operation of 
flashing signals at off-peak traffic hours. This strategy is 
accepted practice at most signalized intersections during night-
time hours (from midnight Lill 5 a.m.). According to the Traffic 
Regulations, an intersection can be in flashing operation if hourly 
traffic volumes for a continuous four hour period does not 
exceed 400 vehicles per hour. The application of this regul-
ation during daylight hours is very limited. In addition, 
there are also disruptions in the normal operation of traffic 
signals due to some malfunction in the system. In these 
instances, a flashing signal is put into operation for all 
directions of traffic. 

The experience obtained from programs of night-time 
flashing operations and from signal operations due to 
malfunctions during daylight hours could not serve as the 
single factor in the decision making process. The reason 
for this limitation is the lack of knowledge for traffic 
volumes and time factors where the traffic signal was in a 
flashing operation program. 

In order to locate the range of traffic volumes where 
disruption of traffic signal operations does not create any 
significant safety problems, it was decided to base the research 
on a conflicts study. The purpose was to conduct a conflict 
study for two operational situations - a regular program and a 
flashing program. A comparison of these two operational 
situations absolves the need to predict the number of accidents 
based on knowledge of the conflicts. 

To define a conflict, the definition chosen by Discussion 
Group C of the First Workshop on Traffic Conflicts, Oslo (1977) 
was used: "A traffic conflict is an observable situation in 
which two or more road users approach each other in space and 
time to such an extent that there is a risk of collision if their 
movements remain unchanged." 

Various interpretations of the above definition can caUSe 
differences in the operational definition of conflicts. The 
major differences will be in the level of subjective judgment 
on the part of the observers. For example, Glauz (1980) states 
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the need for a clear evasive action so that the driver must 
react either by a braking or swerving manoeuvre. 

In the present study, the interpretation was broadened so 
that a conflict was defined as an event in which a road user was 
forced to change his direction of travel and/or his speed because of 
the existence of another road user. With regard to the terminology 
"speed change," this does not only imply a braking manoeuvre but 
also an acceleration manoeuvre as well. 

This broadened definition of conflicts and the resulting 
work rules increases the range of the sample and decreases the 
sampling errors of estimates. In this way, the two operational 
situations can be compared on the basis of more reliable data and 
not on the basis of relatively rare events happening at a 
low probability. 

This approach presents a synthesis between those approaches 
requiring high levels of subjective decisions on the part of the 
observer, such as Spicer (1973), Perkins and Harris (1968), or 
Hyden (1977) to those methods based on specific parameter measure
ments in a methodological way for all vehicles such as AlIen et 
al. (1978). 

In the framework of this study, data was collected for four 
urban intersections. At each intersection, data was collected for 
4 days - 2 days with the flashing operation and 2 days for the 
normal operation. The observers underwent a training period of 
5 hours prior to beginning the measurements. Different conflict 
types were pointed out to the observers; a collective measurement 
was taken at one of the intersections and an analysis was made by 
the group for the different events which occurred. 

At each leg of the intersection an observer was stationed 
at a distance of 20 metres from the stop line. Each observer 
was asked to report on those conflicts occurring to vehicles 
approaching the intersection from the leg where the observer was 
positioned. In order to collect data in a more systematic manner 
and to facilitate analysis of the results, each observer was given 
a form (Figure 2). This form was divided according to the directions 
of traffic in the intersection leg and according to the possible 
types of conflicts for each direction with other vehicles in the 
intersection. Conflicts with pedestrians as well as conflicts between 
vehicles were also counted. 

In addition to the observers pOSitioned at each leg, the entire 
intersection was also filmed using video equipment. The video 
photography served mainly to analyze the operational parameters of 
the intersection (waiting times, percentage of vehicles stopping, 
etc.), and to complement traffic volume data. 

ANALYSIS OF RESULTS 

In the field study, observations were carried out for 34 hours 
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in which the traffic signal was in regular operation and 29.5 hours 
in which the traffic signal was in the flashing operation. Vehicles 
observed at each intersection in accordance with the type of signal 
operation and direction of traffic are presented in Table 1. The 
distribution of types of conflicts observed for the two traffic 
signal operations are presented in Table 2. 

The most outstanding phenomenon resulting from the flashing 
operation is the increase in the number of conflicts occurring at the 
intersection (crossing and merging). In a regular signal operation, 
conflict of this type accounts for 22.4% of all conflicts occurring 
at the intersection, while in the flashing operation, they represent 
71.4% of all conflicts. 

Another phenomenon resulting from the flashing operation is 
the proportional decrease in those conflicts involving pedestrians 
and in rear-end conflicts. 

The reason for the increase in the number of conflicts of 
the crossing and merging type is the confusion regarding the 
priority regime at intersections. In accordance with Traffic 
Regulations, priorities during the flashing operation of a traffic 
signal are determined by those traffic signs positioned at the 
intersection ("stop" and "give way" signs). In the field study, 
it was found that drivers do not perceive these signs an~ 
therefore, there is a relative increase in conflicts related to 

traffic control. 

The relative decrease in those conflicts involving pedestrians 
stems from the disappearance of the shared phase in the traffic 
signal for both pedestrians and vehicles. For right turns, 
pedestrians and vehicles receive the signal to proceed with traffic 
and to cross the street at the same time. In a flashing operation, 
pedestrians are able to choose for themselves the crossing gap they 
need to make a safe crOSSing. 

Table 2 also presents the distribution of types of road 
accidents with casualties for the two situations of traffic signal 
operation. These accidents occurred at urban intersections in 
Israel during the years 1974-1979. As can be seen, those trends 
which were distinguishable in the analysis of conflicts are also 
visible in the road accident rates. In the flashing operation, the 
similarity between conflicts to accidents is greater than for the 
regular operation. The reason for this is in the differences in a 
relative portion of rear-end confLicts. For these 
types of conflicts, a large portion ·of these ins tances result in 
da~ge only accidents as against other types of conflicts. Given a 
conflict, the conditional probability for an accident occurring is 
lower for this type of conflict as compared to others. The opposite 
effect also occurs for conflicts of the crossing type. Given a 
crOSSing conflict in a regular signal operation, the conditional 
probability for a crossing type accident is relatively greater. 

It should be noted that the differences between the types of 
accident for the two signal operation situations do not cause any 
significant changes in accident severity. Table 3 presents the 
distribution of accident severity for the two signal operation 
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situations. Despite the relative decrease in the percentage of slight 
accidents during the change from regular to flashing operation (from 
89.5% to 86.3%), these differences are not significant at the 10% 
significance level. 

As stated, the research aimed at locating those traffic volume 
ranges whereby the use of a flashing signal operation will not cause 
any deterioration of the safety level at intersections. In order to 
ensure an analysis of time intervals where no changes occur in the 
traffic volume, the counts were divided into time interval samples of 
15 minute periods. The decision rule for a situation where no 
significant changes in the number of conflicts occurred defined the 
range in which the average number of conflicts for the regular 
signal operation was not smaller than one standard deviation from 
the flashing operation. This decision rule is rather conservative 
as opposed to tests at the 5% Significance level where the accepted 
practice is to take a distance of 2 standard deviations. 

Table 4 presents the numerical results. Each traffic volume 
contains all the samples for which the traffic volumes did not 
exceed those stated in each line. As can be seen, for traffic 
volumes of up to 700 vehicles per hour, the differences in the 
number of conflicts are within the range of one standard deviation. 
Since traffic volumes were calculated on the basis of 15 minute time 
intervals, there is a need to adapt them to existing situations at 
the intersection for an entire hour period. According to the Highway 
Capacity Manual 1966, the average peak hour factor for signalized 
urban intersections is 0.85. Therefore, traffic volumes should be 
adjusted from 700 vehicles per hour to 600 vehicles per hour. At 
this traffic volume, there is no significant change in the number of 
conflicts occurring during the change from regular signal operation to 
a flashing operation. 

TIle major problem which was found during the flashing operation 
was one of intersection control; the priorities regime of minor streets 
is not clear enough to drivers. It is most probable that drivers 
neither differentiate nor understand the significance of the traffic 
signs permanently positioned at signalized intersections. In order 
to resolve this problem, the possibility of dividing the flashing 
operation for major and minor streets is now being considered. This 
means that major streets will have a flashing yellow signal while 
minor streets will have a flashing red signal equal in meaning to a 
"stop" sign. The assumption is that giving an order to the driver 
through the use of signal lights is always more effective than the 
use of traffic signs. 

SUMMARY AND CONCLUSIONS 

In the course of the safety evaluation involved in changing 
traffic signal operations from a regular operation to a flashing 
oppration, the following conclusions were obtained 

1) The conflicts technique is an effective tool in locating 
existing safety problems at intersections. TIlis fact 
was vl'rified by means of comparison between types of 



.... 
~ 

2) 

3) 

4) 

9 

conflicts and types of accidents for the two signal 
operation situations. 

There is a need to expand the definition of a conflict so 
that the subjective judgment of the observer is minimized. 
Therefore, a conflict should include all those situations 
whereby one of the road users changes either his speed or 
direction and not only to rely on emergency or evasive 
actions. 

The change from regular signal operation to a flashing 
operation is accompanied by a relatively partial increase 
in the number of crossing and merging conflicts. In 
addition, there was a decrease in the number of conflicts 
involving pedestrians. 

In general, no significant changes were found in accident 
severity. This stems from the low severity level generally 
existing for urban intersection accidents (about 88% of 
these types of accidents are reported as slight). 

5) For up to 600 vehicles per hour, it is possible to use a 
flashing signal operation without causing any significant 
changes in the number of conflicts occurring at a given 
intersection. 

6) 
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Table 1. Number of Vehicles During the Field Study in Each Intersection. 

Inter- Regular Operation Flashinp, Oper~tion 

section Direction 

Major Minor Major Minor 

total 4668 1293 3663 925 

right 516 547 508 371 

A straight 2218 340 1676 251 

left 1934 406 1479 303 

, 
Average 582 540 (veh!h) 

total 2766 1651 2157 2234 

right 1500 445 1280 333 

B straight 0 1184 0 941 -"g left 1266 22 877 960 

Average 
883 1098 (veh/h) 

i 
total 

! 
: 10171 1783 7795 1319 
I 

right I 1192 437 951 322 

C straight 8230 0 6310 0 

left 749 1346 534 997 

Average 
1087 1042 (veh!h) 

total 5443 1095 5676 1153 

right 488 460 500 526 
D 

straight 4243 0 4533 0 

left 706 635 643 667 

Average 817 808 (veh!h) 
'--- --'--- - .. ~.----

Table 2: Distribution of type of conflicts and accidents 
according to type of operation 

-~ 

Type Conflicts Accidents 

Regular Flashing Regular Flashing 

Pedestrians 21.9 9.3 19.1 12.2 

Rear-end 55.7 19.3 34.4 16.0 

Merging 20.4 33.0 
46.5 71.8 

CrOSSing 2.0 38.4 

Total (%) 100 100 100 100 

(abs) (636) (1052) (7176) (299) 

-

Table 3: Severity of accidents according to type of control. 

~ Type 
of operation Slight Serious Fatal Total 

Regular 6425 652 99 7176 

% 89.5 9.1 1.4 100 

Flashing 258 36 5 299 

% 86.3 12.0 1.7 lOO 

------

x2 = 3.24 dr ., 2 P(x2) 0.80 



Table 4: Average number of conflicts per sample 

REGULAR OPERATION FLASHING OPERATION 
Maximum 
Volume No. of Average No. Standard No. of Average No. Standard 

[veh/hj samples of conflicts deviation samples of conflicts deviation 

500 5 5.2 2.4 13 4.3 2.4 

600 29 4.8 2.4 29 5.2 2.8 

700 50 4.2 2.5 42 6.6 4.1 

800 67 4.1 2.4 58 7.1 4.1 

900 83 4.0 2.3 76 7.3 4.4 

1000 97 4.1 2.4 93 7.7 4.7 

1100 116 4.3 2.7 107 8.2 5.2 

1200 125 4.3 2.6 113 8.5 5.3 

1300 132 4.5 2.8 118 8.8 5.6 

1400 136 4.7 3.0 

195 
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1. INTRODUCTION 

THE ANALYSIS OF TRAFFIC BEHAVIOUR BY VIDEO 

Richard van der Horst 

Institute for Perception TNO 
Soesterberg, The Netherlands 

At the Institute for Perception TNO, the study of human information processing 
is a main research area including the study of perception, decision making, 
and action. Road-user behaviour in particular is studied by using various meth
ods ranging from mere observations in real traffic situations to highly con
trolled laboratory experiments, sometimes using advanced simulation techniques. 
The choice of methods depends on the questions to which the research is address
~. 
In what follows an objective method, based on video, for observation and analy
sis of the behaviour of road-users in real traffic will be discu3sed. As an ex
ample a study will be reported in which new road design elements were evaluated 
in a demonstration project on cycleroutes through The Hague and Tilburg, two 
cities in The Netherlands. The study was carried out under contract with the 
Ministry ot Transport. The questions were a.o. how the new elements are func
tioning, whether they are leading to the desired traffic behaviour and whether 
they have an effect on road safety. With respect to the last aspect accident 
figures do not form an efficie~t basis for studying the effects of road design 
elements on single spots. In this kind of situations serious interactions be
tween road-users (conflicts) are thought to be an alternative to accidents as 
a criterion measure. A substitute measure as conflict counts might overcome 
some limitations in the use of accident figures; accident frequencies are un
stable, necessary observation periods are too long in particular in evaluation 
studies and only a fraction of all accidents are reported with also differences 
with regard to types of accidents. These three limitations are the more severe, 
if the theoretical accident frequencies are already small, as is the case in 
studies at particular locations of the road network like neighbourhoods and in
tersections. 
In the past various conflict-observation methods have been developed, mostly 
using individual observers. Although they may be highly trained and experienced, 
large differences between individual observers remain, sometimes due to inade
quate definition of conflict, sometimes due to, for example, inaccurate time 
estimation in case of an interaction between road users. To reduce observer sub
jectivity, it was considered necessary to develop an observation technique which 
enables objective quantification of the severity of interactions between road 
users. 

2. TRAFFIC CONFLICT METHODS 

The Traffic-Conflicts Technique (TCT) was adopted as an operational tool in 
road safety research by a publication of Perkins and Harris (1967). They de
fine a traffic conflict as any potential accident situation, leading to the 
occurrence of evasive actions like braking or swerving. Over twenty criteria 
for traffic-conflict situations are given. Evasive actions are counted simply 
by scoring brakelight indications or lane changes. During three 12 hour obser
vation sessions an intersection can be evaluated completely. The observation 
team consists of two observers, one counting traffic conflicts and one counting 
traffic volumes. A detailed procedures manual has been published by Perkins 
(1969). 

- 2 -

The strength of the General Motors TCT lies in its simplicity of application. 
Although the method was taken up enthousistically, later studies showed some 
deficiencies of this method. The set of conflicts, as defined by Perkins, ap
pears to be too large to have a close relationship with accidents or w~th col
lisions. Campbell and King (1970) used the General Motors TCT to measure the 
accident potential of two rural intersections. They found no significant as
sociation between conflicts and reported accidents. Omitting rear-end conflicts 
and rear-end accidents they observed a much higher degree of association. The 
reason for doing so was that while collecting the data it was noted that, al
though a large number of rear-end conflicts occurred, it appeared that some 
drivers were braking only for personal comfort or by way of precaution. 

Furthermore, a need existed to classify the degree of severity of the evasive 
action. This was done by Older and Spicer (1976), who developed a severity 
grading in five categories, ranging from precautionary braking or lane change 
to an emergency action followed by a collision. In these conflict studies in
dividual observers were used, complemented by time lapse film recordings (two 
frames per second). According to Older and Spicer, a combined observer and 
film study is necessary for research purposes. For a rapid assessment of num
ber and location of conflicts, they conclude that the use of individual ob
servers only is sufficient. This conclusion, however, is criticized by Hauer 
(1977) and Allen et al. (1977). Firstly, collisions may occur without evasive 
actions being taken. Therefore, a definition of conflicts including the occur
rence of a collision, not preceded by evasive actions, is desirable. Secondly, 
the grading of severity of the evasive action by observers introduces a rather 
subjective aspect. This may be reduced by an intensive training programme. 
Older and Spicer (1976) found an agreement of 807. between gradings of the same 
traffic event by two groups of observers. However, effects over a longer time 
period were not investigated. 

!~£_!i~~:!£:££11i~i£~_££~£~E!_1!!£2 
To describe the danger of a conflict situation objectively, Hayward (1971, 1972) 
defined the time-measured-to-collision (TMTC or TTC). This measure is the time 
required for two vehicles to collide if they continue at their momentaneous 
speeds and on the same path. The measure is continuous with time. The theoret
ical shape of a TTC curve as a function of time is given in Fig. 1. If the ve
hicles are not on a collision course the value of TTC is infinite. However, a 
change in speed or path of one of the vehicles may lead to a collision course, 
implying that TTC is finite and will decrease with time. This will be linear 
as long as the speed and course of both vehicles are constant. If neither one 
would take action, it will result in a collision (TTC = 0). An evasive action 
(decelerating, swerving) may lead to a minimum value for TTC, which then in
creases to infinity again. It often happens that roadusers are on a collision 
course, but very rarely it will result in a real collision, because drivers are 
making continuously the necessary speed and heading changes. The minimum TTC 
value is a critical measure for the risk involved in an interaction between 
roadusers. Hayward (1972) suggests to use a minimum TTC value of 1.0 s as a 
good threshold. Interactions with a minimum TTC below this value would be de
fined as serious conflicts. The definition of a conflict then becomes: a con
flict is each traffic situation with a minimum TTC less than 1.0 s. Hayward 
calculated TTC-curves by analysing film pictures quantitatively. Hyden (1975, 
1977) tried to simplify this method with a lightly different definition. He 
proposes a larger critical value, namely 1.5 s instead of 1.0 s. Hyden had in
dividual observers estimate minimal TTC values after an intensive training with 
help of video recordings of traffic situations with known TTC values. However, 
in doing so Hyden introduced again observers' subjectivity. 
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time-

Fig. 1. Theoretical TTC curve as a 
function of time (Hayward, 1972). 

3. RECORDING AND ANALYSIS METHOD 

In order to measure motion and positional parameters involved in an interaction 
between road users, the use of film or video appears to be still necessary. 
Both techniques have their specific advantages and disadvantages, but with re
spect to costs and practical aspects the use of video is preferred (Van der 
Horst and Sijmonsma, 1978). In the near future the potential for automatic anal
ysis of video seems to be rather high. At the Institute for Perception TNO a 
method has been developed for the quantitative analysis of video recordings in 
a semi-automatic way. A short description of this method will be given in this 
chapter. 

~~~£rdi~s~ 
The behaviour of roadusers is recorded by means of video. A suitable place for 
mounting the camera has to be found in the neighbourhood of the location, pre
ferably at a height of more than 4 m above the road surface, of course as un
obtrusively as possible. In a study at 20 intersections on cycleroutes in an 
urban area (chapter 4) a good camera position could be found rather easily in 
adjacent buildings or in lampposts. 

A block-diagram of the video recording equipment is shown in Fig. 2 up to now 
only one camera has been used. When the outlook over the location is too limit
ed, the use of a second camera in combination with a video mixer is optional. 
The timer superimposes a numerical display of month, day, hour, minutes, sec
onds and 1/100 s onto the video picture. This is very helpful in selecting traf-

Fig. 2. Video recording equipment. 
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fic situations and relating these with other parameters like traffic volumes, 
densities, etc. Each frame is labeled uniquely by superimposing digital in
formation at the beginning of each video line by the frame encoder, in order 
to search a particular video frame automatically, see Fig. 3. The digital label 
(24 bit) is repeated four times in each frame. So the information is always 
available independent of the position of the "noise bar" (the separ'ation be
tween two successive frames on stills). The video signal is recorded by a Sony 
Umatic video cassette-recorder (type V02850). 

~~!l~b~ 

Fig. 3. Video still with digital label at the left, elec
tronic cross-hairs, time and noise bar (at the bottom). 

The vehicle movements, recorded on video-cassette, are analysed quantitatively 
to describe their behaviour in terms of course, course changes, speed, speed 
changes and measures for the interaction with other roadusers, for example time
to-collision (TTC). The quantitative analysis consists of selecting the posi
tions of some points of the vehicle on a video still. By means of transforma
tion rules, positions in the plane of the picture can be translated to posi
tions in the plane of the street. By differentiating successive positions in 
time, the speed of the vehicle can be obtained. The selection of one picture 
from every twelve (one picture/0.24 s) appeared to be a reasonable compromise 
between accuracy and length of analysis time. 

Yi~~£_~~~lx~i~_~g~iE~~~! 
To ensure a flexible use of the analysis equipment a great part of the system 
has been realised in software. The central part of the system consists of a 
small minicomputer (a PDP 11/03 with 28K memory), see Fig. 4. A 8-channel dig
ital interface (24 bits per channel) interconnects the computer with the other 
elements. A small modification of a standard joy-stick remote control unit makes 
computer control of the video recorder possible (operational control and control 
of the tape speed). The tape speed can be adjusted continuously from zero to 
plus and minus three times the normal video tape speed. The digital labels 
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Fig. 4. Block-diagram of the video-analysis equipment. 

(stored in each frame four times) are read by the frame decoder continuously 
and passed at a command of the computer. This enables the computer to search 
the desired frame and then to shift down the noise bar to the bottom of the 
monitorscreen. 
The operator is communicating with the system in two ways, by means of a ter
minal for normal input and output of the programme and by means of a special 
keyboard (Fig. S) consisting a.o. of 16 push buttons, to which a function may 
be related in software, for example "point ready", "picture ready", "manoeuvre 
ready", "other point", etc. The operator is indicating a point on the screen 
of the video monitor by positioning two crosshairs, continuously by a joystick 
or step-by-step by four push buttons. The crosshairs are mixed electronically 

Fig. S. Monitor, remote-control of the video recorder (at the right) and 
the special keyboard (black) with 16 programmable push buttons and the con
trol of the electronic crosshairs: a joystick and at the left four pushbut
tons. 
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in the video, so parallax errors have been avoided. On command of the operator, 
the computer reads out the x- and y-coordinates, and then positions the cross
hairs on predicted x- and y-coordinates of the next point to be measured. The 
prediction is based on previous selected positions of the point. In this way 
the operator has only to correct these coordinates with a few steps. After fin
ishing the manoeuvre a datafile is submitted to a data storage device for fur
ther analysis, in the current system to a disc of a PDP 11/40 computer. 

!!~~i~~ti~~iro~_~i~~~_£££E~i~~~~_!~_~!!~~!~~!~i~~!~~ 

The known coordinates (Xv, Yv ) of a given point in the video plane have to be 
transformed to coordinates (Xs, Ys) in the plane of the street; see Fig. 6. As
suming that all points of the street are lying in one flat plane and that no 
reproduction errors occur (neither by the camera nor the monitor) the follow
ing transformation rules can be derived (Hallert, 1960): 

X m 

Cl Xv + C2 Yv + C3 
s 

C4 Xv + Cs Yv + I 
(I) 

Y 
C6 Xv + C7 Yv + Cs 

s 
C4 Xv + Cs Yv + I 

The coefficients Cl to Cs can be calculated from (I) if the coordinates of at 
least four points are known in both planes. Substituting the Xv, Yv , Xs and Ys 
of four points in (I) gives a system of eight linear equations with Cl to Cs 
as the unknown elements. This system can be resolved if none combination of 
three points in both planes is lying on a straight line. 
This transformation offers the great practical advantage that nothing has to be 
known about the position and orientation of the camera. All information is in-

Yv 

3 5 

\ 

• (Xs)'s) 2 

Xs 

Fig. 6. Schematic representation of the projection of points 
in the plane of the street (plane S) on the video plane (plane 
V). 
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cluded in the way in which the four points on the street are projected on the 
video plane. On the street, only the distances between the points have to be 
measured. The accuracy of the transformation depends strongly on the selection 
of the four reference points. So it is advisable to measure some more points 
to have a check on the transformation and to make an optimization possible. 

~~!~_~~~!l~~~ 
A dafafile, generated by the video-analysis equipment, contains the x- and y
ceordinates in the video plane of successive positions of points of the vehi
cle inv~lved. This datafile is stored on a disc of a PDP 11/40 computer. Soft
ware has been developed for further analysis, namely for the transformation tu 
street coorciinates, a smoothing routine to minimize sampling inaccuracies, the 
calculation of motion parameters like speed and acceleration and the computa-

"tion of interaction measures (like time-to-collision (TTC) curves and minimum 
.passing distances). For the last measures accurate vehicle dimensions are re
quired; for which a data base of current types of motorcars is available. For 
the calculation of the TTC measure, see the Appendix. The outcome of the pro
cedure is illustrated in the example of Fig. 7. In a situational map of an in
tersection the courses of a car coming from the minor road and two cyclists un 
a cycle track are plotted. Each point gives the position of a given point of a 
vehicle at successive time intervals, her~ 0.24 s. The car driver did not give 
right of way to the cyclists. Cyclist 1 had to stop (points close together), 
while cyclist 2 rode behind the car. The plot in the bottonl corner gives the 
time-to-collision (TTC) curve for the interaction between the car and cyclist I. 

Fig. 7. Example of a serious conflict 
between a car from the minor road and 
cyclist I. Bottom right: time-to-col
lision (TTC) curve. 
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4. BEHAVIOURAL STUDY CONCERNING PRIORITY INTERSECTIONS OF THE D~~NSTRATION 
CYCLEROUTES AT THE HAGUE AND TILBURG 

!?~!:!gE£~~~ 
The increasing number of cars on the road leads to an increasing demand on the 
available space. Therefore, the government's policy aims at a restricted car 
use, especially in urban areas and during peak hours, and to promote the use 
of the bicycle and/or public transport instead. A safe and highly comfortable 
system of cycle tracks might promote the use of the bicycle. To stimulate the 
construction of cycl:e-routes in urban areas, the national government had de
signed and constructed the two aforementioned demonstration cycleroutes in The 
Hague and in Tilburg. 
These cycleroutes have their own tracks on the road, separated from motorised 
traffic, traced through areas with rather low traffic volumes, crossing other 
traffic streams as less as possible, giving right-of-way to bicyclists at non
signalised intersections, special priority measures at signalised intersections 
and, if necessary, even a viaduct or tunnel over/under heavy traffic streams. 

Especially at non-signalised intersections, where the cyclists on the cycle
track have the right-of-way over crossing traffic, the road design elements 
play an important part in supporting the traffic behaviour, as intended by the 
designers. The experimental character of the project made it possible to try 
out some different solutions for the same kind of problems at a priority inter
section. 

Procedure 

The evaluation of the functioning of new road design elements at a number of 
priority intersections, with respect to roaduser behaviour, consisted a.o. of: 

a. A comparison between the actual behaviour and the behaviour as intended 
by the designers for each aspect and location, 

b. a comparison of the actual behaviour between experimental locations and 
c. as far as possible, a comparison between the actual behaviour at the ex

perimental locations and the behaviour at some control locations, without 
special provisions. 

At fifteen locations of the cycleroutes and at five separate control locations 
video recordings were made, at each location for six hours during one day. The 
video recorder was started by hand when a vehicle a .. rived and stopped when the 
manoeuvre had occurred. For each location the relevant road-user behaviour to 
he recorded had been discussed with municipal authorities. 
From the video recordings a number of behavioural aspects, including path chosen, 
speed, speed chang<'s, place of stopping and, of course, interactions with cy
clists on the cycletracks (conflicts), were studied in detail, as influenced by 
specific design elements (humps, hobbles, constrictions, curves, etc.), in par
ticular for crossing traffic. Whenever clear behavioural alternatives could be 
distinguished, registrations were done by individual observers directly from 
the video recordings. Otherwise a quantitative analysis was carried out with the 
video analysiti equipment, as described in chapter 3. 

Results 

In this session on I y :wme aspects of speed control and the interactions with 
eye 1 ists ,,·ill I", d i sl'ussed, just for demonstrating the usefulness of the ob
servation- and ;!lIalysi:> method. For more detailed information it is referred 
to Van der Horst (I <'HO). 
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~E~=~_~~~Y~~ 
A number of the road design elements has the function of reducing the speed of 
crossing cars. By analysing the video recordings quantitatively, speed curves 
were determined for cars, crossing the cycletrack without the presence of other 
traffic. For four locations Fig. 8 gives an example of speed profiles of cros
sing cars as a function of the distance to the cycle track. Each point gives 

4r dlrect'"n "I dr'~lng 

zone 1 

-14 ~ 10--8 ·6 ~4 -2 J 
Cl stance to cyc!etrack Itn) 

zone2 

Fig. 8. Speed profiles 
of freeriding cars from 
the minor street at 
four locations (HI, H2, 
H3 en TI). 

the mean value of n vehicles, together with the standard deviation. The most 
important characteristics of such profiles are a.o., the speed on the boundary 
of the cycletrack (v), the minimum speed (vmin) and the place where this mini
mum is reached (dmin). The front axis of the vehicles is taken as the measuring 
point. In Table I these characteristics are given as a mean for each group of 
locations. dmin Gives an indication of the place where car drivers have taken 
the decision to go through. Although the speed curves differ between locations, 

Table 1. Mean speed on the boundary of the 
cycletrack Cv), mean minimum speed (vmin) 
and the mean distance to the cycletrack 
where this minimum is reached (dmin), for 
freeriding cars from the minor street; n is 
the number of locations in each group. 

group of locations n v vmin dmin 
(m/s) (m/s) (m) 

The Hague 8 2.7 2.5 -0.5 
Tilburg 6 3.6 3.4 0 

control 5 4.3 3.7 +4 
~~ 
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in general the speed control elements (humps for instance) at the experimental 
locations are functioning according to the expectations. The speeds are lower 
than at the control locations and the place where the minimum speed is reached 
(~in) appears to be prior to or on the cycle tracks instead of a few metres af
ter the cycle track for the control locations. With the special elements more 
attention is paid by car drivers to the cycletrack. 

In case of interactions with cyclists, the minimum speed was reached on or af
ter the cycletrack for control locations, while for the experimental locations 
it was reached a few metres prior to the cycletrack, an example of which is 
given in Fig. 9. 

8 

6 

4 

~ 2 
E I _direction of driving 
"0 0 
(1J 8

1 
(1J hump a. 
III 

6 

4 

2 

0 
-1£ -tU -0 -0 -4 -c. \ 

distance 10 cyclelrack (m) 

Fig. 9. Example of two speed profiles of crossing cars with cyclists on the 
cycletrack, HI is an experimental location with a speed control hump at a dis
tance of 4.5 m from the cycletrack, HII is a control location without hump in 
front of the cycletrack. 

An experimental parameter in applying a speed control hump is the distance be
tween the hump and the element it is intended for (here the cycletrack). A com
parison of locations where this distance was different (between 0 and 5 m), re
sulted in a preference for a hump as the beginning of a plateau at a distance 
of about 4.5 m from the cycletrack. 

A raised intersection plane, consisting of humps + plateau of brick pavement, 
reduced the speed of through-going cars on the main road significantly with 
4 m/s, a reduction of about 40%. 

!g!=E~~E!~g~_~=E~==g_£E~~2!gg_£~E~_~g~_£~£!!~!~_~!_!h=_£~£!=!E~£~ 
An important aspect in evaluating intersections is road safety, in this study, 
especially in relation to cyclists. The number of accidents at a single loca
tion cannot be used as a evaluation criterion for reasons given before. Con
flicts seem to have an alternative to accidents as a criterion measure for road 
safety. In the following the time-to-collision (TTC) will be given as a possi
ble measure for describing serious interactions between road users. 
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By means of the video-analysis equipment a large number of manoeuvre combina
tions were analysed. On the basis of the x and y positions of the vehicles at 
successive moments TTC curves can be calculated with the help of a computer 
programme. Fig. 7 illustrated already the output of a given manoeuvre combina
tion: a serious conflict between a crossing motorist and two cyclists on the 
cycletrack. 

The number of conflicts (for example defined as the number of interactions with 
a minimum TTC less than 1.5 s), related to an exposure measure E might give a 
risk index (RI) for two intersecting traffic streams. On the basis of these 
risk indices, intersections might be compared relatively. From the literature 
it is not quite clear which kind of exposure measure has to be used. Often the 
exposure E of two traffic streams i and j has been defined as: 

E rr:*T.-' 
1 J 

where Ii and Ij are the number of vehicles in stream i and 
period. In the following this E will be used. 

during a given 

In Fig. 10 the number of conflicts is given as a function of the exposure E 
for two types of manoeuvre combinations at the intersections under study. In 
Fig. lOa it concerns the conflicts between car drivers from the minor street 
(earl) and cyclists coming from the left (the first bicycle stream BI), while 
in Fig. lOb between stream earl and cyclists coming from the right (the sec
ond stream B2). Each point represents the relevant type of manoeuvre at the 
intersection. The quotient of the number of conflicts and E gives the risk in
dex RI. The solid line in both figures represents RI, averaged over all points 
(earl - BI and earl - B2 combined). Interactions between earl and BI at an 
average are scoring above this line, while those between earl and B2 are be
low. Cyclists BI are involved more frequently in a serious conflict with cars 
from earl than cyclists from B2. The width of the cycletrack gives some extra 
space between a car from earl and a cyclist from B2. The reversed situation 
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Fig. 10. The number of conflicts (TTC < 1.5 s) as a function of exposure E 
(E = fcarl .Bil) fo~_two types of manoeuvre combinations. The control locations 
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holds for cyclists from B2 and cars coming from the opposite direction (data 
not presented here). The mean RI per type of manoeuvre combination in Fig. 10 
is given by the dashed lines. Intersections above this line are relatively more 
unsafe (in terms of conflicts) than intersections below the line, that is for 
the particular type of manoeuvre combination. 

Initially, it was not obvious which minimum TTC value has to be used. However, 
it appears from this study that interactions with a minimum TTC value greater 
than 1.5 s do not contribute an essential part to figures based on TTC < 1.5 s. 
So 1.5 s is used as an upper limit. In Fig. 11 a distinction has been made for 
pairs of locations which are comparable for a number of aspects. Three differ
ent types of riskindices are given, based on interactions with a minimum TTC of 
less than 1.5, 1.25 and 1.0 s, respectively. For example at the cycleroute loca
tion H3 the number of serious interactions between cars from the minor road 
(earl) and cyclists on the cycletrack was higher than at cycleroute location 
HI, independent on the type of riskindex that is used (left topfigure). In this 
case the distance from hump to cycletrack was largely responsible for the dif
ference; at location HI this distance amounts 5 m and at location H3 it is 0 m. 
Another indication that humps at a distance of about 5 m are functioning better 
than humps bordering the cycletrack. 
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type of manoeuvre-combinations is given in the left top corner. 
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In general the three control locations (HII, HI2 and SI) produce more conflicts, 
than locations at the cycleroutes, for one type of manoeuvre combinations see 
Fig. 12. 

5. CONCLUSIONS 

Recording and analysing the traffic behaviour in detail may give a lot of in
formation about the functioning of several road design elements. 
The method as described in chapter 3, based on video, enables a process orient
ed analysis of interacting behaviour between roadusers, not necessarily re
stricted only to the time-to-collision concept. 

- However, in spite of a semi-automatic analysis procedure by the use of a mini
computer, the quantitative analysis remains time consuming. Further automation 
of the procedure seems necessary. 
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APPENDIX 

!b~_£~~E~E~Ei~g_~f_Eb~_E~~:E~:£~!!i~i~g_~~~~~E~_1IIf2 
Let Fig. A give the simplified situation at time t. Vehicle I and vehicle Z are 
approaching each other. Assuming that from the moment t no changes in speed and 
heading occur, for each vehicle a straight line is estimated through the current 
point (P) and three preceding points. The intersection of the two lines, point 
S, is determined. Then, the decision is made whether the vehicles are on a col-

*
1 I. . A, B, 

I -,--- -fm'f s ___ ., __ b,. . R 

-1 --1----- .-
I i bl' 

- 10' Tb~~ 

°1' I 10't) I A2 
1"--, tttl2 vehicle 2 
it) I v2 

82 

vehicle 1 
v, 

Fig. A. Some vehicle characteristics used in 
calculating TTC curves. 

: 

lision course or not, taking into account the dimensions and speeds of both ve
hicles. They are in fact on a collision course at time t if either of the fol
lowing two conditions is satisfied: 

tAl < tAZ < tBI (AI) 

tAZ < tAl < tBZ (AZ) 

in which: 
t _ I + b 
AI - tpI - al rZ 

VI 

(AJ) 

(time vehicle I reaches the intersection plane) 

tpI 
tpz 
VI 
Vz 
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t 1 + b 
BI tpI + bl lZ 

VI 

(time vehicle I has left the intersection plane) 

t 1 + 
AZ tpz - aZ 

Vz 
(time vehicle Z reaches the intersection plane) 

tBZ = 

1 + b 
tpz + bZ rl 

V
2 

(time vehicle Z has left the intersection plane) 

moment point PI passes intersection point S; 
moment point PZ passes intersection point S; 
speed of vehicle I at moment t; 
speed of vehicle Z at moment t. 

Then, TTC will be for (AI): - t TTC tAZ 

and for (AZ): TTC = tAl - t 

(A4) 

(AS) 

(A6) 

(A7) 

(A8) 

Determination of the TTC for successive times (e.g. each 0.Z4 s) allows it to 
be plotted as a function of time, but only if (AI) or (AZ) is satisfied. 

The above applies to a 900 angle of intersection. Adjustments can be made for 
other angles. Special computations have to be done if one of the vehicles has 
a speed of 0 km/h (VI or Vs = 0). The continuation of movement is based on a 
constant speed in one direction at moment t. In the next step, let us say after 
~t s, the computation of TTC is made with the speeds and courses at moment t + 
~t, which of course may be different from those at the previous moment t. Balasha 
et al. (1978) suggest that other assumptions for the continuation of movements, 
like a constant angular velocity and a constant acceleration or deceleration 
might give improvements for the computation of TTC values. 
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~ humP-s. the remedy for each and every traffic safety 
Kroblem? 

P.W. van der Kroon 
Dept. of Traffic and Transport 
Office of the Town Clerk 
Amsterdam 

The sixties and sevent1es: 
In the sixties, ownersh1p and use of motor-cars showed a great 
increase in·the Netherlands. Many kilometres of motorway were 
added to the existing network. In and near the cities, too, more 
and more facilities for the motor-car came into being. 

But nothing was done where this growing stream of cars came from, 
where they returned to, and where they stood: the residential 
area. The street design of the fifties was the street design of 
the sixties and seventies. The increased automobile traffic and 
the number of parked cars started to cause problems. The resi
dential area was felt to be unsafe. 

Ideas on how to cope with these problems took shape in the seven
ties. The restricted traffic residential area was born, along 
with a succession of technical solutions to traffic regulation, 
in order to create a traffic environment sympathetic to pedes
trians in residential areas. It soon became apparent that a 
residential area with restricted traffic could only be used when 
there was ample space. And among the technical solutions to 
traffic control, road humps became the best known. 

The road h..lJ.lllQ __ 
Not only did it dawn on the professional world, but also on the 
residents themselves that this might just well be a solution to 
their traffic safety problems. People began to clamour for road 
humps;: the residents put pressure on the city of Amsterdam for 
their construction. 

In 1978 the city conducted a trial with road humps As a start. 
15 humps were constructed. The trial showed that roadhumps 
were effective in lowering the speed of cars, that there was no 
noticeable rise i.n the noise level, and that vibrations under
ground and in the nearby buildings played no significant role. 

Studies in other countries had sho"'Il that t'he number of accidents 
diminishes in streets where road humps have been constructed. 
Although insufficient data was available on Amsterdarn, it seemed 
defensible that the effect here would not be in the opposite 
direction. 

The trial was viewed as successful, and after compat-ison with 
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expe~iences elsewhere. it was decided to apply roadhumps 
larger scale in Amsterdam. 

The use: 

on a 

Amsterdam set up several condit10ns and stipulations which any 
request for a road humps must meet if it is to be granted. The 
road humps used were convex, and until mid-1980 they were built 
with a pavement extension. After that time, the loss of 4 park
ing spaces through pavement extensions was no longer considered 
acceptable. 

In principle. no road humps are laid on main traffic arteries 
as designated by the city's traffic circulation plan, on bus 
routes, on routes connecting emergency services to main traffic 
arteries, and on the canal'belt. ' 

The local conununity centre in the area cl road bump request 
comes from 1S involved in the decision making on its 
constructl.on. 

All this has resulted in 
thousands of guilders on 
estimated 140 road humps 

The policy issues: 

an dnnual expenditure of hundreds of 
laying road humps " and there are an 
in Amsterdam today. 

There is still a great demand for road hump.s ,but doubt is 
beginning to creep into the minds of the policy-makers. "Is 
it really a good thing to cover the city with roadhump~ ," and 
"\~hat arc the reactions of residents to this 'miraculous I cure 
for the unsafe traffic situation in the neighbourhood" are ques
tions which are raised. Bes1des, nowadays money and other means 
are scarce and must be used with great care. More detailed cri
teria and a more detailed selection pattern are felt to be 
desirable. 

In 1980, these quest~ons gave rise to a study of the effective
n8SS of road humps and the attitude towards them of residents 
of the streets involved. 

The study;. 
The study. in the ~orm of a poll, was held in four streets both 
before and after road humps had been laid. 

The streets were: 
Jennerstraat; 
:-lewtonstraat; 
Gerard Terborgstraat; 
James Wattstraat. 

The first inquiry was held in March 1980, the second one in 
November 1980. The humps referred to in this study are convex 
with pavement extens10ns (narrowing the street profile). 

The residents: 
It is also important how the users, the residents, experience 
their street. Do they feel safe, do they think their children 
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can play safely, do they see their street as a car park? Such 
questions relate to what can be described in terms such as sub-
jective traffic safety and livability Little is known on 
this topic at present. The methods of study have not yet been 
worked out. For the local government, the city, it is also a 
learning process; this type of research is highly problematic. 
We therefore suffice here with a general description; detailed 
study data are available. 

The inquiry: 
In residential streets where road humps _ were planned, an oral 
poll was held among the people living there of their opinions on 
road humps and their expectations of their effects. Some time 
after the road humps were laid, the poll was repeated and the 
residents were now asked about their experiences with them. 

The study was intended to give an idea of the opinions of a few 
categories of directly involved residents and not of the popula
tion of Amsterdam in general. So the goal was not to obtain a 
representative sample; since the inquiry was held in streets 
where road humps were to be built, this would not have been 
possible either. The study cited here is a population study. 

The questions: 
It was thought that the frequent user groups from the residential 
environs (children, elderly persons, etc.) might react different
ly than residents on the whole. Questions were included on sex, 
age, job, car ownership, and family composition. 

The study questions focus on aspects which are most closely con
nected to the relationship of car traffic and residential envi
rons: "crossability", safety, speed, and "livability". In the 
first inquiry a question was included on attitude towards road 
humps. In both inquiries more detailed responses were possible 
in the "open question". 

Since the community centres had been informed of the plans to lay 
road humps , the first inquiry also contained a question to find 
out in how far this information was known to the residents. 

The response: 

A total of 250 residents were queried in each poll. In both 
cases the response was around 80%. The number of respondents 
per street varied from 27 to 93. 

Tbe answers to the questions: 
Before the road humps were laid, almost three-quarters 
re.pondents had positive expectations from roadhumps 
very small minority saw nothing in them. In the second 
this question was not asked. 

of the 
only a 
inquiry 

The respondents' expectations on "crossability" expressed in the 
first inquiry were not entirely fulfilled; in the second inquiry 
more people were of the opinion that there was no difference in 
the "crossabi.lity" cf the street. 
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Compared to the first inquiry, fewer respondents to the second 
one had a positive opinion of the safety-promoting effect of 
road 

Expectations of speed moderation were very high in the first in
quiry. In the second inquiry, only a small majority of the re
spondents felt that driving speed had decreased, and over a third 
indicated they had noticed no difference. 

In the first poll, respondents already had some doubts of whether 
the street would become more livable due to the roadhumps 
Nearly half of the respondents thought that their street would 
become more livable; however, an almost equally large number 
expected no such positive effect. In the second inquiry, less 
than a third of the respondents felt that it had become more 
livable. Almost half of those questioned in the second poll , 
thought there was no difference. 

More detailed analysis: 
Although there were differences between the streets ~died, they 
are not large enouqh to justify treating each p~reet separately. 

Different societal groups Inake different uses of the residential 
environs. The results were studied for differen~es in expecta
tions of or experiences with the effects of road bumps between 
these various groups. 

From both inquiries it appeared that frequent users of the resi
dential environs do not differ unequivocally in their opinions on 
and experiences with road humps from other groups questioned. 

other results: 
Much use was made of the "open question" in the second inquiry. 
It came across clearly that the loss of parking space was not 
very much appreciated. 

The community centres were not entirely successful in informing 
residents: not even one-quarter of those questioned had any 
knowledge of the pla~n~d road humps 

To summarise: 

Remarkably, there is a clear decrease in the positive opinion on 
aspects such as "crossability", safety, speed, and "livability". 

A small majority still holds a positive opinion. The idea that 
frequent users would have a different, more positive opinion of 
the effects of roadhumps was not confirmed by this study. 

~may be stated that road humps' are not a cure-all, a definitive 
~simple solution to the range of problems which can be descrfted 
by the terms subjective traffic safety and ·.ivability • 

What now: 
Up till now, Amsterdam's usual policy has been to grant requests 
for road humps- after consulting the community centre, provided 
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that they are not for a street where it has b~en ogreed no road 
humps will be laid. 

In the future it must be considered that the person or body 
making the request may have too high expectations of the effects 
of road humps on subjective traffic unsafeness and'1ivability". 

The information supply by community centres to the residents 
would seem to be not intensive enough. The existing procedure 
deserves to be reconsidered. An inquiry amont residents on this 
topic could prove useful. 

Considering the fact that the construction of a road hump 
requires a comparatively high investment - depending on the situ
ationijfi~OOO.OO -~.lO,OOO.OO - and that the effects of a road 
hump' are noticeable only in a limited area (earlier research 
shows they have an area of influence between 30 and 50 metres), 
much reservation should be practised before covering a street 
with roadhump~ 

Surely now, when the city budget is faced ~ith considerable 
restrictions, it is necessary to reconsider the conditions under 
which requests for road humps are granted. 
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MEASURES FOR REDUCING VEHICLE 

SPEED ON RESIDENTIAL ROADS 

by 

FINN HARALD AMUNDSEN 

STEIN LUNDEBYE 

THE INSTITUTE OF TRANSPORT ECONOMICS 

OSLO - NORWAY 

1. INTRODUCTION 

Frequent discussions have taken place in Norway, as .well as in 
several other European countries, regarding responsible driving 
speed through residential areas. The residents claim that the 
vehicle speed is too high and that physical countermeasures must 
be implementet in order to reduce the speed of the vehicles pas
sing through these areas. The speed is often so high because 
the residential roads have been constructed with such a good geo
metrical standard which results in fast driving. 
The highway authorities have been trying to find suitable counter
measures which would result in a reduction of the vehicle speed 
and, at the same time, would be economic feasible to implement. 

Since 1975, the Institute of Transport Economics (T0I) has been 
commissioned by the Norwegian Public Roads Administration to car
ry out the research work in the following three stages: 

1) Analyse the vehicle speed on residential roads and 
to carry out interviews of road users and residents. 

2) Carry out experiments with possible countermeasures 
in several cities in Norway and t6 evaluate these.· 

3) Recommend geometrical road design standards, guide
lines and handbooks on speed reducing countermeasures 
for residential roads. 

2. VEHICLE SPEED IN RESIDENTIAL AREAS 

The first part of the study was to carry out speed measurements 
and roadside interviews on some residential roads. The speed 
measurements and the interviews were carried out on 21 residen
tial roads in Norway during the autumn 1976. 
It was found from the roadside interviews that about 45% of the 
persons interviewed were satisfied with the traffic situation. 
About 40% of the parents with small children playing near these 
roads were not feeling that it was unsafe traffic environment 
for their children. 

As far as physical countermeasures are concerned, 30% preferred 
special speed limits. About 15% would like to see "no through 
road" signs erected and more footpaths constructed. About 40% 
would like a speed limit of 30 kph or lower. Road user·s, who did 
not live in the area surveyed, asked for more "playing areas" for 
the children. 

Motor vehicle drivers were then asked which factors that caused 
them to reduce their own drh-ing speed, and about 54% mentioned 
that "children playing in the area" was the most important factor. 
Then "concealed accesses to properties" and "respect for the traf
fic rules" were other important factors. The chance of being 
caught by the traffic police for not obeying the traffic laws was 
mentioned by less than 1% of the persons interviewed. 
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Speed measurements showed that it was a close correlatio~ between 
road width and driving speed. Figure 1 below shows that while 
only about 5% of motorists drive. faster than 50 kph when the road 
width is 4 metres, about 20% drive faster than 50 kph when the 
road width is 10 metres. This means that if the road width is 6 
metres or more, a speed reduction could be achieved if the road 
width is reduced to 4 metres or less. 
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Figure 1: Correlation between road width and vehicle speed 

There are several methods which could be applied to reduce theve
hicle speed, and these methods could be grouped into the follow
ing 3 categories: 

1) Geometric design: - road curvature 
- road width 
- length of the road 

2) Physical measures: road humps 
refuges or road narrowing 

- diagonal diverters 
- roundabouts 

3) Traffic management: - speed limit 
- limited access 

traffic signals 
- give way/stop signs 

The second part of this paper will concentrate on the experi
ments carried out with 30 kph speed limits, hu~ps and road nar
rowing. 
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3. TEAFFIC CONTROL DEVICES FOR RESIDENTIAL AREAS 

a) Speed Limit 30 kph 

One of the countermeasures which was most popular with the per
sons interviewed was the 30 kph cpeed limit. During the study 
both ordinary speed limit signs (for road sections) and special 
"speed limit zone" signs (for smaller residential areas) were 
tested. 

Seven local authorities in Norway were contacted, who had already 
themselves expressed an interest to participate in the experi
ments. Since the actual numbers of traffic accidents were small, 
it was decided to use driving speed as a measure of the effect. 
The reason for this is based upon the general knowledge that it is 
a close correlation between vehicle speed and the number of and the 
severity of road accidents. 

Speed measurements were carried out before the speed limit signs 
were erected, and about one year later. The measurements were, 
in 6 of the local authorities, carried out during a 24 hour peri
od by using a radar hidden in a small trailer. 

The results of the speed measurements are shown in the following 
table: 

Table 1: Before - and After Measurements of 30 kph speed limit 

Average Driving , Driving Faster Thdn No of 
Lo.:at.lon Speed (kph) 30 kph 40 kph 50 kph Vet"-.l.cles 

B A Diff B A B A B A B A 

r'R!STIhNSAND 28,5 26,5 - 2,0 36% 34% 13% 9. 3\ 1\ 8H 927 

....... : 38,8 30,0 - 8,B 80, 46% 47, 15~ 12% H 3 770 2 380 

-:' ~::~:)HLIM 43,6 34,6 - 9,0 85% 69% 68 t 25. 33% 5% 6 582 4 514 

: .. ~:;2:=::Ru 31,1 31,6 + 0,5 '6% 47% - - 2% 2% 299 318 

.. - •• -"1;', ~':~wELAG 32,1 28,2 - 3,9 54\ 3B% 21\ 9. H 1\ 1 454 1 429 

I : _:_.~::".::>'fR~:-t 25,8 22,4 - 3,4 43% 29% 14% 6% 1% 1\ lB7 437 
I 

Speed Lin.it before (50 kph) 

;.. Reduced SFeed. Limit .lften;arcs (30 kph) 

The measurements were carrieo out during 1977 - 1979. 

The results in table 1 show that the vehicle speed on most of the 
residential roads were reduced, and the speed measurements indi
cated that Hamar and Trondheim h~d the largest speed reductions. 
The preliminary results from these experiments showed that sign
ing of reduced speed limits gave a reduction of the vehicle speed. 
By using frequent police enforcement a speed reduction of 10 kph 
can be achieved, depending upon the level of speed before the 
studies commence. Without police enforcement, it is rare that 
the speed reductions exceed 5 kph. In Trondheim there was police 
enforcement at two of the five sites studied. 
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The results from Trondheim and Kristiansand were classified into 
time intervals of one hour periods. The analysis of the results 
indicated that the speed r~ductions were greater during the day 
than during the night. 

The percentage of motorists driving faster than 30, 40 and 50 kph 
indicated that an unacceptable number of drivers exceeded the re
commended speed limit (30-70%). 

The people living in the residential areas surveyed were also 
asked questions regarding the traffic and road safety situation. 
The answers given to three of the most important issues are shown 
in table 2 below. 

Table 2: Answers given by the residents regarding the traffic 
situation in their neighbourhood 

Question no 1: Has the traffic situation changed? 

Improved = 69% 
Not changed = 17% 
Worsened = 1% 
Do not know = 3% 

Question no 2: Do you prefer other countermeasures? 

Traffic sign. ("Children playing") = 33% 
Road humps = 21% 
Footpaths or road closures = 12% 
Children play grounds = 8% 
Separate pedestrian ways = 7% 

Question no 3: How can wE)! improve the respect for 
traffic signs? 

Increase police enforcement = 47% 
Information = 44% 
More traffic signs = 9'i. 

Generally speaking, there seemed to be a good agreem2nt between 
the answers given and the results of the speed measurements. 

b) Road Humps 

Speed reducing humps on the road have been commonly used in seve
ral countries and the good effect of these. has been described in 
many publications. The main aim of these experiments has been 

therefore to study the possible problems with respect to winter
maintenance, e g snow clearing and grading. 

Humps on residential roads in Norway have been designed as seg-

ment of a circle, 4 m long and with a height of 10 centimetres. 
On roads with public bus routes, the humps have normally been 5m 
long. 

The results of the speed measurements on 8 residential roads with 
humps in Norway are shown in figure 2 below. 

Average Vehicle Percentage Driving 65th percent-I Distance be-
Speed Faster Than a~e Speed tween humps 

Location (kph) 30 kph I 50 kph B I A (rn) 
10 20 30 40 50' B I A B I A 

I I I 
OSLO •..••••• r:""·:-:c,,·:·oo, :::';::::::::::::: 25% 14% 0 50% 31. 75 m 

BItRUM .•••••• [ .. ".', .,.' .!:':::::::":::::::! 65% 6% 4% 0 48% 35% 

sTAVANGER I ...... ;:: 35% 2U 0 0 36% 3H. 75 rn 

sTAVANGER II. ":' ,/ 'f:::::::, 49% 14% 0 0 37> 29t 50 m 

VERKET •••••• . '. :::::::::::::::=;:::::.:::::: 93% 5\ 15% 0 50% 2H 50 m 

I 
sEM •.••••••• rc' ::"", .:::::::::::::::::.::;:;:.::::::: 94% 50% 54% 2% 61i 40. 60 rn 

ASK ER :::::::;:::;:::;:;:;::::: 89% 10% 6\ 0 46% 29% 

Key: B "Before"-measurements ~ Speed before countermeasure 

A "After"-measurernents Speed after the construction of humps 

Figure 2: Before- and After- Studies of Vehicle Speed on 
Residential Roads with Humps 

The variation of the speed measurements taken after the humps 
were constructed could partly be due to the distance from the ra
dar to the hump (the speed on the hump could be somewhat lower) 
~nd the variations of the shape and height of the hump. The re
sults show that with a correct geometric design of the hump and 
distance between humps, an average speed of 25 kph could be ex
pected, independeht of the initial level of speed. Over the hump 
~he vehicle speed will be below 20 kph. 

Part of the speeding problem in residential areas is a small group 
of motorists, who drive fast, i e more than 40-50 kph, and who 
create a lot of un secure feelings for parents due to the traffic, 
e~?ecially for the families I:ith small children. It can be 
seen from figure 2 that this problem is eliminated at the places 
~here road humps have been constructed. However, this is not the 
case where only speed limit signs (30 kph) have been installed 
(see Table 1). 

Steady vehicle speed and less ci<comfort can be achieved by plac
ing the humps closer to each o~hert e g 50-75 metres. Motorists 
would then not gain anything by accelerating between each hump 
and would be more prepared for driving at a lower speed. Then he 
would not have to think so much about where the road humps are 
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situated and concentrate more on the traffic environment along 
the the road, e g other road users, children·playing etc. 

\) 

A distance of less than 50 metres between each road hump is not 
recommended as one has to consider the speed reduction on one 
side, the vehicle comfort and the road maintenance problems (snow 
clearing) on the other side. 

Interviews have been carried out at some of the places where road 
humps have been constructed. The results of the interviews are 
shown in the following tables: 

Table 3: Result of Interviews on 2 Roads with Humps 
(Stavanger 1979) 

Question: Much Better Not Worse 
"Is the traffic Better Changed 

situation improved 
after the road humps 42\ 34% 13% 3% 
were constructed?" (76%) 

Question: ConJilderable 
"Is the Vehicle Reduction Redu1.::ed Increased 

Speed Reduced after 
Humps were Can- 48% 41% 0% structed?" 

(89%1 

Road User No Change, More Dif-

Group did not no- Annoying ficult to 
Question: tice Hump travel 

"How are You 
Affected by the Car Driver 43% 21% 5% 
Road Hump?" Cyclist 44% 4% 0% 

Pedestrian 65\ 3% 0% 

Do not 
know 

8% 

Do not know 

,,% 

Do not 
know 

31% 

52% 

32% 

Table 4: Results of Interviews regarding the Opinion on Road 
Humps 

Location Should the Humps 
Still Remain? 

Yes No 100 not 
kno\\' 

Are the 
Children Safer 

after the Construc
tion of the Humps? 

CC:;llTlent.s 

SEM 76% 19%* I 5% • 83l of t:-. .:: pt;;: f. :::-.5 answer-
ing "K-.:~" :-.~6 :-.C :;!1ildren. 

VALE 69% 27%* I . 4% 53% 14\ 33% I * 85t. repl;,.-",~·. ~ i 'i of the 
people ::!, r·,':::· ... 26 had no 
childr,,:: . 

OSLO I 79% I 19\ I 2% I 78% I 15% I HI 33% rEpllcs 
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The experiments showed that pedestrians and cyclists clearly were 
not conscious of the humps. The majority of the motorists did not 
feei any disadvantage or discomfort because of the road humps. 

The studies indicated that 75% of the residents wanted to keep 
the road humps. Those, who were negative to the humps, were main
ly persons without children. These people do not experience the 
unsafe feeling of having children playing near a road, and the 
advantages which reduced speed gives due to the humps. However, 
almost 50% of the persons interviewed wanted further measures, eg 
"Children playing"-signs. The disadvantages with road humps are 
considered less than expected by the drivers. Only 25% of the 
people interviewed were conscious of the humps or felt that it 
was more difficult to drive because of the humps. 

An other question, which was asked during the survey in Stavanger 
was if children were playing more in the streets now than before? 
Only 11% of the persons answered "Yes" to this question. 

The winter maintenance problems with road humps have been studied 
systematically in several places in Norway during the last 2 - 3 
years. The following snow clearing equipment has been used: 
pointed snow plough, diagonal snow plough, snow blower and gradeL 
Experience has shown that the roads generally speaking can be 
maintained just as well after the construction of road humps as 
before. 

It is measured an even layer of snow (1 - 2 cm thick) along the 
whole road. The main problem is that the effect of the hump can 
be somewhat reduced because snow remains in the transition be
tween the hump and the road. The result is that the hump is ex
tended and the transition becomes more gentle. If one wishes to 
maintain the normal effect of the hump, it is important to remove 
this snow quickly. Otherwise, the traffic will wear out this 
snow after a period of time - especially in the wheel tracks. 

If one wants to carry out a satisfactory winter maintenance work 
with snow clearing equipment, it is important to drive the snow 
plough with reduced speed (15 - 20 kph) over the humps and to be 
very careful during this operation. In order to shift the snow 
away from the road, it could be necessary, if the snow is high, 
to drive several times over the humps •. It could be difficult to 
estimate the total loss of time to carry out this work, but if 
tLere are not constructed too many humps, the time loss would be 
negligible. 

£xperience shows also that it is important to inform and motivate 
the v;inter maintenance crew, who carry out this type of work. 

cJ Road Narrowing 

Road narrowing can, in principle, be constructed in the following 
3 ways, as shown in figure 3. Tiley can be on opposite sides 
(Type aJ, they can be lateral diEplaced (Type b) or they can be 
constructed as a traffic island in the middle of the road {Type cl. 
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(a) (b) (c) 

Figure 3: Various Types of Road Narrowing 

Each of these types has its advantages and disadvantages, and they 
must be constructed to suit a particular location. Hence,- types 
a) and c) could easily be combined with pedestrian crossings. It 
is also important to design the obstacles (road narrowings) in 
such a way that the road users have to turn in order to pass. For 
types a) and c) it would only be possible to carry out small 
changes in the direction of travel. The effect of the road nar
rowing would also be dependent upon the traffic volume. 
Only road narrowing with types b) and c) have been tested. The 
results from 5 experiments are shown in table 5. 
The results in table 5 show that road narrowing gives reduced ve
hicle speed. ThesmaIler the opening between the obstacles, the 

'Table 5: Results from Experiments with Road Narrowing 

Type of Layout 

1·- I· ·:1~·.~1 
LI-~ 
y.~. -. . }. 

I,,· ~. • 1'-, liT 
... - -

F 1 ~i:- -=- 1·-
~ 

f<'<t".th 

• • r.J-• ·c I·· 
-~-

• ---=,,---1 
~ -l~· ~ .i~l~ 
1-- ' ., 

Before/ 
After 

Before 

After 

Before 

After 

Before 

After 

Before 

After 

Before 

After 

Before 

After 

A,.·erage 
Speed 
(kph) 

33,0 

30,6 

41,8 

35,1 

41,8 

32,6 

39,8 

35,1 

35,3 

27 ,0 

34,4 

32,0 

Standard 
De"'iation 

15,3 

1<:,5 

8,4 

7,4 

PerCen~age of Drivers 
Faster Than 

30 kph 50 kph 

6:2 10 

3.2 

9: 16 

is 

::: l---
----r-----r----

16 

9,6 13 

8,6 5 

.8,5 ;5 

:2f 

8,0 

7,6 f3 

smaller the vehicle speed. Roadside interviews of drivers in the 
streets where these experiments were carried out, indicated that 
the people wanted these obstacles removed more than with the ex
periments with other speed reducing measures. 

4. CONCLUSIONS AND RECOMMENDATIONS 

The results of the experiments w~ich have been described in this 
paper have now been well known in Norway. One of the most impor
tant results has been the use of reduced speed limits. Previous
ly, technical officers had been very sceptical and tried to avoid 
erection of these traffic signs. However, today these signs are 
frequently used within the framework of those policy guidelines 
given in the new traffic sign manual (1981). The following cri
teria have been issued by the road authorities for the use of 
30 kph speed limit zone signs: 

1) The straight sections of the residential roads must not 
exceed 50 metres. 

2) The amount of through-traffic must be small. 
3) The speed level must be less than 10 kph over the pre

ferred speed limit. 

These criteria can be deviated from if, in addition, the following 
speed reducing countermeasures are constructed, e g humps, road 
narrowing etc. 
Road humps have now been constructed in several local authorities 
in Norway, and these humps have often been built in addition to 
the erection of speed limit signs. 
Road narrowing is still a new countermeasure in Norway, so it is 
not used much yet. How these measures should be used, however, 
has been extensively discussed. 
Our opinion is that it must be possible to make more use of 30kph 
speed limit zone signs in residential areas. On certain collec
tor. and main roads it will be necessary to increase the speed 
limit to 50 - 60 kph. On certain roads in residential areas, 
where the speed level is too high, there will be demand and a need 
for road humps, road narrowing, road closures etc. 

LITERATURE 

1. SKARRA, N 

2. PUBLIC ROADS 
ADMINISTRATION 

3. AMUNDSEN, F H 

4. AMUNDSEN, F H 

Speed on Residential Roads. T0I
Report Dec 1976 (in Norwegian). 

Speed Reducing Measures in Residen
tial Areas. Handbook 072, Jan 1981. 
(in NOr\vegian). 

Studies of Speed Reducing Measures 
on Residential Roads. T0I-notat 513, 
Jan 1980 (in Norwegian) • 

Studies of Road Narrowing as Speed 
Reducing Measures. T0I-notat, March 
1982, (in Norwegian). 



N 

'""" ~ 

An Adantive Theory of Road safety 

Halter Holt, Hans Beyrle (Universitat Augsburg) 

1. Introduction of Issues 

In 1979 an approxinately 800 Heter portion of road in Unterha

ching near Hunich was rebuilt, follm·ling the Dutch model of 

Woonerf to be a "verkehrsberuhigte StraRe" (a traffic quited 

street). The main element in the design of the "verkehrsberu

higten Straf3e" \<las the creation of a mixed surface (Hischfla

che). This means that the segregation of traffic types (sepe

ration principle) is eliminated so that ~ surface \~hich is 

at the equal disposal of all traffic participants, is created. 

For this mixture to operate safely, driving speed should be 

drastically reduced. Reduction of driving speed should be 

achi~ved through curves, narrow areas, percieved irregularities, 

elimination of acceleration inducing parallel lines and inter

secting elernents. At the same time t~e inconvenience of driving 

on "verkehrsberuhigten Stranen" should have the result that, 

depending on location in the network, through-traffic avoids 

these streets. Frequent meetings of the renaining traffic par

ticipants is desirable. "The mutual experiencing of residents 

on the street should i~prove the social responsibility in the 

area concerned" (EICHENAUER et al. 1980 a, S. 9). 

Planners emphasize that traffic safety in "verkehrsberuhigten 

Stranen" no longer chiefly depends on institutionalized rules. 

Rather traffic safety depends on the timely recognition of the 

intentions of others.Adaptive behavior should not be forced 

through restrictions (for example curbs). 

"Rather the street design should rnake the social function 

(childres playing, taking walks etc.) so perceptually clear that 

the resulting motivation produces voluntary adaptive behavior" 

(EICHENAUER et al. 1980 a, S. 11). 

Underlying this planning concept is the hypothesis that through 

changes in the built environment, behavior of traffic partici-
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pants can be influenced and traffic safety can be improved. 

For the "3unc.esanstalt fur Stranemresen" (:a,-'ST, 1980) these 

questions were essential: 

a) do new traffic risks arise if this design conce~t is realized 

and 
b) \'lhich methods are suitable for short term rneasuring of the 

effects of the rebuilding on traffic safety. 

These questions seem to be answerable only if one knows some

thing about how street form influences traffic behavior and 

how the resulting traffic occurrences are to be evaluated in 

regard to traffic safety. 

Thus sought after is a (social science) theory, which will 

give a plausible representation of how street form, behavior 

of street users and traffic safety are related. This theory 

would then indicate, what risks are to be expected, what con

ditions the risks influence and whith what methods a short term 

measur0Ment of ~afety is to be approached. 

2. An Adaptive Theory of Road Safety 

The idea of using a relevant accident count (accident density, 

accident rate etc.) suggests itssclf, but has to be rejected 

because the accident criterium is useless for quick judgement 

of the safety of a limited stretch of street. Because of the 

relative rarity of accidents,several years of data gathering 

would be necessary. Also KLZ3ELSB3RG (1977) emphasizes, too ma

ny chance factors influence an accident. It would hardly be pos

sible to isolate the part the structure of the built environment 

plays in the occurence of accidents fron other factors. 3ecause 

of this sone researchers are turning away from using the accident 

as criterium and are instead focusing more on the antccendent 

stages of accidents, namely almost-accidents, traffic conflicts, 

traffic offences and inappropriate behavior. The fundamental idea 

consists of registering behavior and interaction processes which 

are related to accidents but occure more often and are thus more 

easily observeable. Also an attempt is sometimes made to do jt1-
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stice to the co~plexity of occurrences on the street through use 

of multi-dimensional observation (for example temporal and spati-

al proximity of traffic participants, suddenness of reactions etc.). 

The frequency of events whic~ can be conceived of as antecedent 

stages are used as indicator~ of safety. This process therefore 

will be terMed indicator ~n~ronch. It implies a nechanistic t~00-

rv of sa~et~ as it iS,for exan~le,perfectionized in the operation 

system of the "Bunde~bahn": the signal and switch changes 

should be blocked so that two trains can never move into the 

same trac]: ~tretch. Signales ensue in ti~e, and in case of 

emergency forced braking occures. Intervention of the engineer 

after visiual contact should not occure, it would be an indica

tion of a grave defect in the security system. 

The safety conception of traffic planners was - as it is still 

largely today - mech~nistic. 3e?eration of traffic types, the 

lanes, the intersections on several levels and traffic light 

changes result from this concept. Since it is not possible to 

implement it "li th the same perfection as for a rail system and 

also neither the space nor the funds are present to implement 

it i. urban areas, there are de facto many intersecting traffic 

movements. 

Because of this the introduced planning and desiqn concept Unterha

ching purposefully focuses on the encounters and interactions 

of traffic participants, since these can not be completely 

avoided. Through the redesign conditions should be created such 

that interactions and encounter constellations can occure safely 

and not be unexpected as in the mechanistic model, where they. 

necessarily do occure and therefore often lead to accidents. 

The model contrasting with the mechanistic model will be termed 

adaptive theor~ of road safety. The planning and design concep~ 

described above are implicitly basec on this theory. 

The initial consideration is that a traffic system owes its 

functionality to the control o~ hu~nns. The traffic system func

tions safely, if the traffic participant is able to adequately 

adapt to the demands of the situation. The behavior of traffic 

participants and adjustment to the demands of the situation is 
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termed achirv0~ent behavior. 

Analogous to achievement behavior,the adjustment behavior of 

traffic participants is definied as function of abilitv and 

desire. 

Thus adaptive behavior ~epends on the adil1Rt~ent c~oabilitieR 

and adjust~ent readine~s of traffic partici~ants. 

The degree of controllibility of a system will be termed 

reaqibilitv. The better adjusted the behavior of single traffic 

participants is, the more reagible is the total street system 

and the slighter is the probability of accidents. 

1. Adaptive Capabilities 

What factors influence the adaptive capabilities of a traffic 

participant? 

We destinguish two groups of variables. 

a) personal abilities and skills, experience of traffic parti

cipants (for example driving ability) 

b) variables of the traffic situation (adaptive possibilities) 

ad a) personal factors 

In traffic psychology it is a wide spread hypothesis that 

the "endowment" of the driver with certain motor skills, 

his reaction ability, his intelligence etc. is related to 

the accident proneriess of the driver. It was thought, that 

"bad" drivers have a greater accident proneness. This hypo

thesis has not been verified in stUdies of "accident prone 

personality" hm,ever. Apparently driving ability does not 

play the decisive role in avoidance of accidents (HOYOS, 

1980). 

ad b) variables of the traffic situation 

The adaptive capability of the acting individual is dlso 

influenced by variables of the traffic situation. 

The denands of a traffic situation can present various 

difficulties for a traffic partiCipant and thus make adap

tation more difficult. Precisely stated: the traffic situ

ation, to which the traffic participant should adapt, can 
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be structured so that it is impossible for the driver, in 

spite of excellent personal abilities and skills, to pro

perly reakt to the demands of the traffic situation (dis

crepancy between driver fitness and workload, s. GERDZRT, 

1981). ~e have ter~ed the influence which the objective 

situation exerts on the adaptive capabilities of the dri

ver adaotive Dossihiliti0.s. 

This reflection is derived from pedestrian ~ovements: 

people collide very seldom even in the densest crmvds. 

They s~illfully move past one another. If there is con

tact it is, as a rule, without conse~uences. The pede

strian-pedestrian interaction works not only because, 

as is often claimed, pedestrians have much room for eva

si ve r.1anoeuv'?rs, but because the denands ~vhich are made 

of the pedestrian in this situation correspond with the 

pedestrian ~otor, sensory and cognitive capabilities. 

The reaction time resulting from the situational possibili

ties is greater. then personal reaction time, so that 

the pedestrians generally can react opportunely and safe

ly. 

2. Adaptation Readiness 

Actually one should proceed fro~ the assumption that every 

traffic participant has the long term motiveof avoiding acci

dents and is \-lilling, in order to prevent damage to him/herself and 

others, to adjust to the traffic situation because of this 

safety motive. 

In the newer motivation research one finds indications that there 

is an assortement competing motives (desire for power, agression, 

risk needs etc.) during participation in traffic, which influen

ce traffic behavior. Need for risk and risk taking behavior have 

a special position within traffic psychology (for example KLE3ELS

BERG 1969, ilILDE 1974, HOYOS 1964,1969). 

In UILDES (1974) "Theory of Risk Com!?ensation" it emerges as risk 

taking willingness. It is defined as an intraindividual, relative

ly constant quantity (trait). 

WILDES theory of risk compensation states: liThe contribution that 
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danger percieved in the environment divided by the ~mount of ?cr

sonal caution, results in a constant, or in other words, the accep

ted risk. The greater an objective danger seems to a driver and 

the lower the risk that he is willing to accept, the more careful 

he \vill be" (5. 230, 1974). 

Thus a traffic oarticipants cautious behavior depends on risk 

readinesc and risk perception. WILDZ derives two intervention 

strate~ees from this. 

1) Lowering of risk readiness 

2) Increasing danger awarness 

ad 1) Lowering of risk readiness is attempted through pedagogic 

measures in traffic education. It should be pointed out 

that risk willingness is related to age. Risk taking readi

ness seem~ to be especially high a~ong youthfull traffic 

partiCipants. Generally however the question arises whether 

it is desirable to change the risk readiness in an achiev

ment oriented Focietv, where risk readiness, exploration 

behavior, curiosity etc. are seen as motivational forces 

in achievement behavior and enterprise. Here there is a 

value conflict in SOCiety. 

ad 2) The awarness of danger may be influenced in two ways: 

a) Enlightenment about ~vhat ri~J~s are related to which 

behaviors. 

b) Influencing risk perception and interpretation of the 

situation. 

WILDE shows that certain measures, ,iliich are supposed to in

crease safety, are not effective because the traffic partici

pants compensate for the increase in safety, which would have 

'occured if traffic particioants had acted as expected, through 

their behavior. 

Thus traffic participants perceive the safety improvements and 

compensate for them through their behavior. The assumption 

that objectively safe situations can be percieved as such and 

vice versa is innlicit in thi~ the~is (congruence between ob

jective and subjective danger). From this it may be concluded 
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that risk perception can be influenced bv changinl situations. 

Thus a situation should be objectively safe, but elicit a certain 

subjective impression of danger. 

Exaggeratinq, Dietrich (1976) forf.1ulat~d "The safe street is the 

homogeneously dangerous street···· " (Pg. 11)· 

We are not of the opinion that the purpose of a structural 

change should be to make traffic participants constantly 

insecure. Perrnanent feelings of insecurity could also lead 

to insecure behavior, which is 

safety. 

det=ir.tental for traffic 

MAUKISCH und PFEIF (1976) energetically protest against the 

belief that the traffic participant voluntarily accepts risk. 

"Fror.t the vieHpoint of the driver it is inportant to reach a 

destination and at the same time to decidedly keep the (sub

jective) risk at null. Objectively this safety can be reached 

at no time, but vehicle use would certainly not be so wide 

spread if there were not the general belief that the subjecti-

ve risk can constantlv be kept meaningless through apuro-

priate actions" (Pg. 19). 

Indepent of ,V'hether a driver is willing to accept a certain arnount 

of risk or he/she wants to keep the risk at null, the question 

of through what driving style he reaches his "individual norm" 

arises. Congruently the authors see this nor~ as a relatively 

constant trait. From this it follows that - if the norm is con

stant, driving style nevertheless differs so that the norm is 

reached in different situations - an explanation is necessary 

for the differing behavior. 

TAYLOR (1964) has shm'rn that the activation level of r.lotorists 

measured by galvanic skin response, remained constant in spite 

of differing traffic conditions - this is also support for a 

constant norm, ,V'hich however points tmV'ard another state of 

affairs. Humans are not just stir.tulus neutralizers, ~ut also 

stimulus seekers, thus humans have a basic need of a variety 

of experience and infornation (3::;Il.L'IN~ 1965, 3ROD'l 1971). The 

result is that humans avoid situations that elicit boredom as 

well as situations that elicit tension but seeks o0tinal stinu

lation, which is experienced as pleasant (LEUBA 1955). 

- 8 -

While drivin~ the motorist is constantely bombarded with infor

mation from the ellvironment. Th~ driver can then, to a certain 

extend, influence the offering of information which results from 

the situation and which effects his stimulation level, through 

his own driving style. 

If the infornation load is too great, the driver can for 

exanple =educe speed and thu~ reduce the anount of informa

tion pe= time elenent, to avoid ove~load and stress. Un bo

ring nonotanou~ streets which cary little information, the 

driver can increase speed, so that his/her optimal stimula

tion level is reached, without feeling insecure or overload. 

From the vant~ge Doint of this theory it may be concluded 

that a driver being eependent on the quantity of information 

in the situation choose& a style of driving such that he/she 

is neither ove~ or underloaded in the long run and at the same 

time feels safe, so that his/her subjectively experiences risk 

is kept around nUll. 

Repo .. cs of drivers o.n this topic support this (HELD 1980). Thus 

drivers strive to realize an internal state of balance with their 

style of driving, even though the driving style may be classified 

objectively as b~ing risky. 

In our opinion one of the main problems of traffic safety is here. 

A normal driver is, as a rule, neither a"suicidal driver" nor a 

"race driver", wbo allV'ays drives at the limits of his/her capaci

ty and stress tolerance. Rather the problem is that the driver does 

not adequately assess the results of driving style (for example 

effect on reaction tir.te, braking distance, centrifugal fores etc.), 

,V'hich the driver experiences as pleasant. Humans are by nature 

pedestrians and control the phvsical renuirernents of walking. 

Humans obviously lack the ability to appropriately depict the 

physical forces of an automobile. 

Situations in ,V'hich the driver already reaches his/her "indivi

dual norr.t", be it a certain quantity of risk, or his/her optimal 

stimulation level, through a driving style (for example low speed) 

which objectively gives him/her sufficient reaction time, are bene

ficial for traffic safety (sufficient reaction time is present wher. 
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the reaction time resulting from ones mm speed and ones o\,n moraen

tary dispositions is less then the reaction time resulting frora 

situational possibilities). 

In general highly informative situations would be beneficial in 

places \'lhere,' for example, low speeds are necessary for traffic 

safety (for example residential streets). 

The content of information from the environment is also 

essential for traffic safety. The infornation should induce 

the driver to adapt anticioativelv and orGC~ictivelv. This neans 

that the driver not only orients hira/herself by actual events 

but can also understand environnental cues ,·,hich indicate poten

tial, not immediately perceivable interferences and events. Tqus 

besides the information quantity, the in£ornation content terraed 

demand character of Eituations (valenz) is also covered. 

In addition to the previously discus.sed motives of safety/risk 

and the inforrnati9n motive, there are a number of further C08-

peting motives which are important. 

Now the pivotal and pressing issue for traffic behavior and 

traffic safety is \.hich motives COr.le through under \.hat conditions. 

It is to be assumed that in situations which are experienced as 

competitive situations the norm "leave the other driver behind" 

is activated and then results in the corresponding behavior -

undesirable for traffic safety, but an "appropriat~1 reaction to 

the demand character of the situation. 

Another example, which directly concerns the issues covered here, 

is the designing of a street such that it is inequivocally expe

rienced as belonging to pedestrians. Thus we assume that resul

ting is an activation of the rules of social conduct (being con

siderate etc.) of the 30torist, while conpetition notives and 

risk motives fade into the background. If the demand of the situa

tion activate the rules of conduct, then the question of what in

formation the designer should ""lri te into" the situation through 

design elements to achieve an anticipatory adaptation, ar~es. 

Adaptation theory holds that hunans are, in principle, willing 

to adapt to the. demands of the situation. It is decisive hm·, a 

person inter~rets a Situation, his or her su~jecti',e situation. 

The subjective situation of the driver may be influenced through 
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the objective desi;n of the street. It was attempted to support 

this through theory of optimal stiraulation and demand characte

ristics. 

Summary of the most important tenets of adaptation theory: 

The safety of the street traffic system can be increased if 

adjust~cnt to the traffic situation is made possible for traffic 

participa~ts. Analogous to achievement behavior this bahavior of 

traffic participants is defined as a function of ability and 

'·lillin0n0f)S. 

hdaptation theory holds that both components, that is 

adju~tnant ~~~nbilitics (throu1h adjustment possibilities) as 

well as ?ctjustDcnt ~c~diness (through information load and de

mand characteristics of the situation), may be influenced through 

the built environment of the street. 

A change in t,e built environment increa~e~ safety if it positive

ly i~fluence~ adjustment capability and adjustment readiness and 

thus increases the reaqibili~l of the system. 

3. Applications of the hdilptation theory in Safety l1easurenent. 

Adaptation theory holds that traffic safety may be increased 

through the changes in built environment if the changes positive

ly influence adjustment capabilities as well as adjustment readi-

ness. 

From this two steps follO\, fo r the analysis of the research hypo

thesis that traffic safetv is il:'Droved through structural chc:nae. 

1. Designation of relevant variables, which are altered through 

the structural change and assignnent of the variables to the 

constructs of adjustncnt capabilities and adjustnent readiness. 

2. Analysis of hOl-1 the relevant variables change and assessnent 

of the change in light of adaptation theory. 

ad 1) Adjustment capability is derived from the component drivinJ 
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skills and the reaction ~ossibilities for the traffic parti

cipants that results from the situation. It nay be assumed 

that driving skills of a motorist, his/her abilities etc. 

do not substantially change, since first of all the same 

driver uses the street before and after a structural change 

and seco~dly ~ecause there is only slight time period before 

and after the structural change. 

Changes in reaction possibilities are expected as a re~ult 

of the struct.rral change. The shorter the braking distance 

is and the better evasion possibilities are, the better the 

reaction possibilities are for the acting individual in a 

street situation. This physically mainly depends, aside 

from certain vehicle qualities, on ~ and traffic density. 

The surveyabilitv o~ the street area also plays a role sinCE 

the driver can only react to the situation which is encompas

sed by his field of vision. Decisive is not only the drivers 

o,~ s?eed but also that of other traffic participants. These 

conditions will be termed objective situation. They influence 

the reaction possibilities of the acting person. 

The second condition for reagibility of the system is reac

tion readiness of a traffic participant. The theory of ~dap

tion holds that a traffic participants is, in principle, 

ready to adjust to the situation. However his or her adap

tive behavior is dependent an his or her subjective situa

tion. Transfered to the concrete issue the question of whe

ther the driver actually interprets the situation a "pede

strian street" and gives the pedestrian priority arises. 

Furthermore, what behavior and what interpretation of the 

situation does a traffic participant expects from the other 

participants? The assessment of subjective safety is also 

essential in determining the driver's behavior. If he/she 

does not reckon with other traffic participants being on 

the street and fells to safe, this is detrimental for his 

reaction readiness. In addition it is important that the 

driver accepts the street design of a traffic quieted street 

and does not experience it as an obstical, because otherwise 

- 12 -

aggressiveness rather than consideration would result. 

Finally intense attention on the part of the driver is 

benefiCial, when coping with critical situations. These 

conditions will be termed su~jective situation of a driver. 

They determine the reaction readiness of the acting indi

vidual. 

These aspects are summarized in the analvtical model of 

road safety: 
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.0 .... 
o III 
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ad 2) According to adaptation theory, road safety is increased 

if reaction capabilities and reaction readiness are im

proved;rcaction caoabilitv is improved through 

- reduction of' driving speed 

reduction of traffic density 

increasing the surveyability of the street area 

It is beneficial for reaction readiness if 
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- the street is experienced as a pedestrian street after 

the structural change 

- consideration of traffic PQrticipants increases 

- the subjective safety increased less strongly than the 

objective safety increased 

the attention of the driver is increased while driving 

on the traffic quieted street 

- traffic participants accept the traffic quieted street. 

4. Research Results 

Results are from EICHEUAUER et al. (1980), HOLT and BEYRLE (1982), 

BEYRLE and HOLT (1982). 

a) about reaction capability 

Speed 

·!easurement before after 

lLocation V 

riedens- I latz 
nly in day 42,6 I 19,0 

nly in night 45,6 I 20,3 

aus I-iager 42,3 27,2 

erade Slid 45,2 33,6 

x = not measured 

Diff. before 
absol. 

23,6 48,6 

- 25,3 x 

- 15,1 48,6 

- 11,6 52,6 

after 

V 85 

22,7 

x 

33,4 

41,1 

Diff. 
absol. 

- 25,9 

x 

- 15,4 

- 11,5 

Through the re-design driving speeds were reduced to an average 

of 23 km/h (before 43 km/h). Even greater reductions occured in 

the especially safety relevant maximum speeds. 

The results of another study, in which the authors also partici

pated, confir:ns these speed results (EICHEN.',UZR et al. 1981). 

- 14 -

Six conventional residential streets were compared to six traffic 

quieted streets. On the average there ,,,as a speed of 23 km/h in 

the traffic quieted streets and a speed of 36 km/h in the conventi

onal streets. It should also be mentioned here that different 

driving styles have an enormous effect on the noise emissions of 

a vehicle. This study sho\ved that in "verkehrsberuhigten Strafien" 

driving \vas up to 10 d3(;.) and on the average 5 dB(A) quieter. 

Noise relevant design elenents "ere shown to be: segmentation of 

the street width (mixed surface), anount of visual lines and 

width of the usable drivl..lg space. 

traffic density 

The anount of individual motorized traffic was reduced by 

almost half during the middle of the day as well as during 

peak hours (after the re-design: peak hour 120 automobiles). 

The number of pedestrians and bicyclists increased by about 

15 percent. 

- surveyability 

through the re-design almost all blind corners in the street 

were removed. Sufficient su~'eyability is possible from even 

location on the street without the result of a "optischer 

DurchschuB" (long range visual permeability). 

As the results of the study show, the measured variables have 

changed for the better fron the vantage point of adaptation 

theory. Reaction possibilities have inproved for the traffic 

participants. 

On Re~ction Readiness 

- Interpretation of the situation: after the redesign the road 

users interpret the situation as being traffic quieted street, 

where pedestrians and bicyclists have priority. 

- Consideration: a change in consideration can be registered 

only for motorists, whose consideration is reduced. This may 

be traced back to a group of drivers who were anoyed with the 

behavior of pedestrians after the redesign. 
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Subjective safety: t~e subjective feeling of safety of traffic 

participants essentially die not chan~.Because of the improve

ment of the objective conditions this state of affairs is eva

luated as beneficial for reaction readiness. 

Attention while driving: the drivers claim that their driving 

is relaxed and attentive after the design. (1) 

Acceptance of the street: the new street is accepted by 

most of the street users. This is expressed in the positive 

expectations of the street users before the redesign and 

in the fullfilled expectations after redesign. Altogether 

the street is an aesthetic improvement. The subjective noise 

experience is also improved more than corresponds to the ob

jective noise improvement (see EICHENAUER et al. 1980 b). 

The results for the subjective situation of the traffic par

ticipants are not so clear as the results for the objective 

situation. At least in one case, in which measurement problems 

can not be excluded as causes, a deterioration of the indicator 

resulted. 

Generally, however, it can be concluded that the subjective 

situation of street users beneficially influencs their adapta

tion readiness. 

Congruent with this results is that after redesign no "dangerous 

situation" in terms of the indicatior approach arose, compared 

to nine before redesign. Observed conflicts, three before and 

three after, renained constant. After the redesign b·ro accidents 

with slight material danage occured within three years, compared 

to 16 accidents within seven years prior to the redesign. 

(1) Contrary to previous interpretations (vgl. MO LT et al. 1982) 
this is evaluated as being beneficial for reaction readiness. 
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5. Conclusions 

From the development of adaptation theory and its application 

two conclusions are drawn with regard to road safety: 

1) From the vantage point of traffic safety new design concepts 

for installation of city streets should be demanded. 

2) Streets can be evaluated in an uncoMDlicated orocess from 

the vantage point of road safety, which makes a short-term 

assessment possible. 

ad 1) In city streets meetings and interactions behreen traffic 

types are not avoidable because of various reasons. In 

many cases the customary street designs do not provide 

the prerequisits for a safe and oportunc adjustnent to t~e 

deman~s of traffic happeninqs. Design concepts, such 

as the ones realized in Unterhaching, are appropriate 

for creatinry traffic conditions to ,.;hich traffic parti

cipants can adjust and which increase road safety. 

ad 2) Accidents and traffic conflicts are unsuitable for a 

short term assessment of traffic safety of a large street 

segment. Indicators, such as those suggested in the analy

tical ~od~l of roaL safetv, are easy to gather and prove 

to be .:-ensitive indicators of changes. 

For further developement of these indicators we suggest 

two measures for the short-term assessment of safety 

(reagibility) of a large street area: 

a) vClriabilitv of 50eed: as S.~LUSJARVI (1980) was able 

to show, the homogeneity of driving speed plays an 

important part in the traffic safety of a street. 

b) . 'b'l't ( ootential brakino eir.tance 
reag1 1_1 y measure: actual braking dIstance 

This measure will be defined as quotient of the 

potential braking distance, ~lhich results from the 

existing surveyable space, and the actual braking 

distance, 'oJ'hich results from driving speed and indi

vidual reaction ti~e. If for example the surveyable 
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area (to the front and to the side) is greater than 

30 meters fror.l eyeJ¥ location on the road and the br<l

king distance needed to stop is less than 30 meters, 

then the quotient is greater than 1, which is favour

able for the avoidance of accidents. If the reagibility 

measure ist greater than 1, then the likelihood of acci

dents should be slight. If it is less then 1, then the 

likelihood of accidents increases. 

It seems to us that mea~urenent of accidents and 

(serious) conflicts are vital for the validation of 

these indicators. It should be noted that not all 

accidents are appropriate for this (not appropriate 

are for example, accidents that induced by alcohol). 

Reactions, which are already asse~sed as being slight 

conflicts, are direct indications of the reagibility 

of a system and thus not suitable for validation. 
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Evaluation of a pedestrian training programme for preschool children* 

J.A. Rothengatter & H.H. van der Molen, 
Traffic Research Centre 
University of Groningen, Groningen, the Netherlands 

Introduction 

Traffic accidents form for children a most serious threat to the life and 
health. The extent of the child traffic accident problem in the Netherlands, 
both in the absolute and in the relative sense, has been described by Van 
der Molen (1978). Some conclusions of that study are presented here. 

In 1972 one third of the Dutch child mortality between 5 and 14 years of age 
was caused by traffic. In that year 3 out of every 1000 children in this age 
category was registered as being wounded in a traffic accident. Interpreting 
this figure we have to consider that the accident registration system is far 
from complete. If one doesn't correct for the (low) degree of traffic parti
cipation (exposure), then accident statistics give a gross underestimation 
of the risk children run in traffic. That children cope badly with the traf
fic system appears from the fact that, despite a relatively low exposure, 
children get more pedestrian and bicycle accidents than adults. Until 9 
years of age Dutch children are mostly wounded in traffic as pedestrians, 
above this age mostly as bicyclists. The accident peak for wounded pedes
trians lies around 6 years of age and for wounded bicyclists around 12-15 
years of age. 

The exact circumstances under which child traffic accidents occur, i.e. 
types of environments, manoeuvres, behaviour and predisposing factors, have 
been studies in many countries. A detailed review of some 50 studies of 
this kind was provided by Van der Molen and Tutert (1980, 1981). These data 
have been re-ordered in the framework of a pedestrian task analysis, to
gether with data on children's traffic behaviour and exposure. In another 
study (Van der Molen, 1980), it is outlined how these types of data on 
"pedestrian performance" can serve the process of selection of important 
educational objectives for particular age groups. That study led to the 
conclusion that it is important to try to train preschool children in the 
task "crossing from between parked cars", despite the fact that this is a 
task which is conceptually hard to grasp for this age group. The reason for 
this was that preschool children in the Netherlands are mostly involved in 
this type of accident, and that it would generally not be feasible to make 
them cross away from parked cars. 
It was further concluded that preschool children were next to be trained in 
crossing at intersections, a type of accident with a peak around the age of 
six, around the time Dutch children change from Kindergarten to primary 
school. 

·This study is partly supported by the Institute of Road Safety Research 
(SWOV) and the Directorate of Traffic Safety of the Ministry of Transport 
(DVV) • 

Objectives of educational programme 

Countermeasures to improve the safety of young children in traffic can in
volve legal measures (e.g. reduction of the speed limits for motorized 
traffic in residential areas), engineering (e.g. redesign of residential 
areas , introduction of ramps to reduce speed) or involve educational pro
grammes in order to alter the traffic behaviour of children. An essential 
first step in the design of any countermeasure, be it educational, legal 
or engineering, is an analysis of the tasks involved in traffic participa
tion, in this case, as pedestrian. This is essential for two reasons: 
Firstly, such an analysis tracks down which behaviour is most problematic 
and which situations are most hazardous, and consequently directs the fo
cus of the countermeasure activities. Secondly, it clarifies the relevant 
factors that have to be t~'(E~ into account in the evaluation. 

A full-scale task-analysis can entail a behaviour requirement analysis, 
that specifies in detail the traffic environment and the behaviour re
quired in those situations (Le. a description of "ideal" behaviour), and 
secondly, a behaviour description analysis, which consists of empirical 
data from behaviour observation, traffic exposure and accidents studies 
(Le. a description of "actual" behaviour), and thirdly, an ability re
quirement analysis, comprising an inventory of the psychological functions 
and abilities presumably required for task performance. 

Dependent on the type of countermeasure and the particular age-group any 
of these approaches may receive particular emphasis. In the design of en
gineering countermeasures, for example, it is particularly important to 
ensure that the traffic situation does not set unrealistic demands on the 
psychological functions or abilities of the road user, hence an abilities 
requirement analysis would be essential. In the design of educational 
countermeasures it is important to compare "ideal" and "actual" behaviour, 
to identify the behaviour that falls short of the requirements and is cri
tical to the safety of the target group. The performance of a task-analy
sis for pedestrian behaviour of young children has in fact been carried 
out and has pinpOinted three behavioural sets which are notably critical 
to the safety of young children; crossing in quiet streets, crossing ncar 
parked cars and crossing at junctions (see Van der Molen, Rothengatter, 
Vinje, 1981). These three behavioural sets have been formulated in terms 
of educationsl objectives, specifying how the child s'lould behave artcr 
the educational programme has been implemented. Althcugb these specific-d, 
concrete objectives form an explicit and quantitative basis for the pro
cess of evaluation, it should be stressed that they are by defJnition 
partly based on theoretical considerations. For example, the abovemell
tioned task analysis demonstrated that crossing near parked cars gives 
cause to the majority of accidents with young children (see Van der Molen, 
1980). Consequently, an ideal performance strategy for this ,;itllation \Vas 
formulated, and included in the educational programme. Whether this idea] 
performance strategy does indeed prove to be safer than the ~ctual perfor
mance cannot be demonstrated empirically unless-a; educational programme 
which is successful in terms of implementing this "ideal" strategy is car
ried out on a large scale. 

This problem, which is termed "external validity" by Cook and Crunpbell 
(1979) is essentially a validity problem in the selection of the "c'luc,,
tional objectives and not a validity problem in t,erms of seJectinn of "Vi! 

luation criteria. Wilde (1978) uses the term "intprmediate criteria" fur 
the assessment of behavioural change in the targe-t' ;:'-rOl,;:;';--;;'qg;;;s-tinq 1'1,,0; 

--~ 



N 
N 
tIl 

traffic accident reduction is the primary objective of countermeasures. How
ever, the effectiveness of an educational programme should primarily be 
measured in terms of the formulated objectives of the programme. In other 
words effectiveness measurement should assess to what degree the programme 
is successful in attaining its' objectives, which in the case of educatio
nal programmes should be expressed in terms of behaviour changes in the 
target group. Whether these behaviour changes do indeed result in a traffic 
accident reduction depends on the validity of the formulated educatioDal 
objectives. Only after it has been ascertained that the educational pro
gramme is effective in terms of attaining its' educational objective, it 
becomes feasible to evaluate the validity of these objectives in terms of 
accident reduction in the target group. 

Development and application of educational programmes 

Once the programme objectives are defined, it is relatively easy to specify 
the content of the programme since this is directly deduced from the objec
tives. However, the methods of achieving the formulated objectives cannot 
be derived from the objectives. Methods of traffic education have been sub
ject to extensive research which is reported in detail elsewhere (Rothen
gatter, 1981). Review of the experiments testing different methods of traf
fic education revealed that most methods are not successful. This can be 
attributed to the lack of a theoretical basis for these methods, which are 
mostly cognitive instructions, whereas theoretical considerations would ad
vocate a behavioural approach in which the required behaviour is directly 
trained in the actual traffic environment. In a pilot study this approach 
was tested by designing a training programme for crossing near parked cars. 
Using behaviour modification principles such as positive reinforcements, 
the required behaviour elements were trained with four year-old children by 
experienced assistants. The effects of the training, which lasted for only 
twenty minutes, were assessed through a traffic knowledge test and a beha
viour test. Multivariate analysis demonstrated significant effects of some 
of the training principles (Rothengatter & Brakenhoff-Splinter, 1979), 
which suggested possibilities of behaviour change through training even in 
very young children. 
The results of this and other pilot experiments led to an extensive modifi
cation of the programme to include all three basic crossing strategies, i.e. 
crossing in quiet streets, crossing near parked cars and crossing at junc
tions. For each of these strategies the complete behaviour sequence was 
specified for training and for evaluation purposes. The complete progra.!!l!!le 
involved both parents and preschools, and consisted of two weeks of trai
ning with one session a day. In a quasi-experimental application of the 
programme, the target group population of a small town in the Netherlands 
was divided into three groups. In one group the programme was applied as 
intended in large scale implementation, which involved the parents as well 
as the preschools. In this "parents" group, the parents were informed 
about the programme and motivated to participate through a parents discus
sion evening at the school, a 20-minute film demonstrating the training 
methods and an information booklet, which they could use as reference 
during the training. They were also presented behaviour observation sco
ring forms to be used as checklist after each training session. In addi
tion, the schools in this "parents" group carried out an instructional 
programme, using audio-visual material, which was in line with the pa
rents' activities. 

Since the parents' motivation and ability to carry out the programme as 
intended was an unknown factor, a second experimental group was intro-

duced, in which the training programme was carried out by experienced 
assistants instead of the parents. This "assistants" group received an 
otherwise similar treatment as the "parents" group. A third group received 
a delayed treatment and served as controls. In all 315 children between 
four and six years old received the training programme. 

Evaluation measures 

Since the programme application required a massive research effort (up to 
forty people were full-time involved in the programme application) and was 
considered to be an essential step between small-scale pilot experiments 
and nation-wide implementation of the programme, the programme was exten
sively evaluated following several strategies. 

The first strategy is termed process evaluation, since this evaluation 
strategy was designed to obtain as much information as possible about the 
process of the training carried out by the parents and the instruction 
carried out by the preschool staff. The second evaluation strategy is 
termed product evaluation, which was designed to obtain information about 
the effects of the training programme. For these two evaluation strategies 
the following procedures were developed. 

Process evaluation 

_ parents' evaluation interview and questionnaire about programme appli
cation 

_ preschool staff interview about programme classroom processes. 

Product evaluation 

- children's traffic knowledge test 

children's test of behaviour repertoire in the real traffic environment 

_ children's spontane ous behaviour unobtrusive observation on the way to 
and from school 

unobtrusive observation of mothers' and children's traffic behaviour in 
each other's company. 

The programme set-up and evaluation procedures are schematically represen
ted in figure 1. 

In the following sections the procedures and results of each of these eva
luation measures wi 11 be discussed in more detail. 

Parents' evaluation interview and questionnaire about programme applicat~~ 

Earlier studies (Rothengatter, 1980) which involved a survey amongst 
mothers with small children, have demonstrated that parents report to be 
very concerned about th" tlaffic safety of their children, and virtually all 
parents report themselvC's to be involved in some sort of traffic education. 
This does not imply t.hat tile'',' are necessarily very successful; the topics 
they chose to teach their children mostly do not include those which arC' 
known to be critical to ",l[('ty of the children (most parents devotp for 
example much attentjon to crossing at regulated crossings) and the metJwc],; 
parents use in educating tll,'; r child in traffic are not particular ly 
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parents group assistant group control group 

knowledge test knowledge test knowledge test 
behaviour tests behaviour tests behaviour tests 
parent behaviour parent behaviour parent behaviour 
observation observation observation 
children's behaviour children's behaviour children's behaviour 
observation observation observation 

PROGRAMME APPLICATION 

parents scoring assistants scoring 
forms forms 

knowledge test knowledge test knowledge test 
behaviour tests behaviour tests behaviour tests 
children's behaviour children's behaviour children's behaviour 
observations observations observations 

parents evaluation 
interview 

preschool staff preschool staff 
interview interview 

parents' behaviour parents' behaviour 
observation observation 

figure 1: experimental design and evaluation measures 

effective (e.g. general warnings about the dangers of traffic or empha
sizing incorrect behaviour). As a result, parents do not have very high 
expectations of the effects of traffic education. 

In the evaluation questionnaire particularly attention was therefore 
devoted to questions related to the training methods followed in the pro
gramme, the training circumstances and the behaviour of the child during 
the training. As none of the parents explicitly refused to take part in 
the programme, every parent was considered as participant, even though 
they may not have carried out the complete programme or have dropped out 
during the programme. In fact, the return of the scoring forms which had 
to be completed by the parents after each training session was 88%, from 
this we can conclude that the majority of parents indeed carried out the 
programme as intended. 

About half of the parents reported that they followed the training methods 
exactly. Virtually all of them found them easy to carry out. The most dif
ficult for the parents appeared to be refraining from commenting on in
correct behaviour, which was strongly advocated in the programme. Crossing 
in quiet streets appeared to be somewhat easier to train than the other 
crossing strategies, but most parents felt that their child benefitted most 
from the part of the training related to crossing near parked cars. Stop
ping and looking for traffic are the children's behaviour elements that are 
most often reported as changed (about 60%). Some 57% of the parents felt 
the programme has helped their child to behave more safely; only 7% was 
positive that the programme did not make any difference. 
The results of this questionnaire enable considerable programme improve
ments on the level of presentation (e.g. inclusion of tips for situations 
in which the child does not want to cooperate Or how to cope with incorrect 

behaviour) and on the level of presentation (e.g. clear distinction 
between the different parts of the programme). In addition, the 
questionnaire data could be used as predictor variables in 
a reg'ression analysis in which the behaviour posttert scores of 
the children (see below) served as criterion variable. This enabled 
assesment of the robustness of the programme and could also be used 
to identify those programme training methods which contributed most 
significantly to the programme effects. The behavioural pretest score 
was added as a fixed predictor variable to compensate for possible 
ceiling effects. The total amount of explained variance is about 
55% if 9 variables are included (Multiple R =.74). Variables which 
contributed significantly to the prediction of the behaviour test
scores included: the fact that the child liked the programme, that 
the parents regard the l'''e of positive reinforcers as effective and 
attractive and that the parents were able to refrain from negative 
comments on incorrect behaviour. These results could not only be used 
to make further improvements to the programme, but more importantly, 
could be interpreted as strong support for the approval of the programme, 
based on learning theoretical considerations concerning the importance 
of attractive practical training and the use of positive reinforcers 
in the programme. 

Preschool staff interview about programme classroom processes 

This evaluation procedure was included in the total programme evaluation, 
based on the consideration that the preschool staff has an important 
role in disseminating the programme and motivating the parents to 
participate. In order to obtain full cooperation of the staff 
iti is of crucial importance that the programme is adapted to the 
exLsting classroom routines. Earlier studies (Rothengatter, 1981) 

had already ascertained that the most effective traffic education 
activity that can be displayed in the classroom involves presentation 
through audio-visual media of the traffic behaviour to be learned. 
However, the present process evaluation amongst preschool-staff 
revealed that such presentations were regarded as impractical, if 
they were not accompanied by other materials which enabled preschool 
staff to elaborate Dl~ther on the subject. Thus the conclusion 
of these evaluation interviews was that the audio-visual material 
should be amended with other printed materials, because even though 
these printed materials would as such not be an effective ingredient 
in the programme, they would fascilitate acceptance by the preschool 
staff of those materials which have an proven effectiveness. 

Children's traffic knowledge test 

Increases in traffic knowledge are frequently reported as effects of 
the application of traffic education programmes (e.g. Jones, 1979) and 
by some authors considered as a necessary prerequisite for behavioural 
change. Indeed, many evaluation studies of traffic education programmes 
employ traffic knowledge as sole criterion for evaluation, without 
explicitating why or how improvements in traffic knowledge are re] at,',1 10 

changes in traffic behaviour (e.g. Singh, 1978). In order to test the 
knowledge behaviour relationship and to investigate whether knowledgp 
improvements are necessary for behaviour improvements " truffic know1 Nl("JP 

test was administered to all subjects before and aft-F.r the proqrmllIDf' 
application. The test consisted of 40 dichotomous it.PI"S, present-ed nll 
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videotape. Each item displayed a child in a particular traffic 
situation and the sUbject had to indicate whether the child's behaviour 
is correct. The traffic situations displayed in the test corresponded 
to the traffic situations in which the programme training took place. 
In the construction of this test, the test was subjected to an item 
analysis based on item .test/rest correlations. The results of this item 
analysis led to a subsequent factor analysis that resulted in a three 
factor structure. The reliability of the test and the three subtests 
was estimated by dete~ining the internal consistency. The coefficient~ 
amounted to .77 for the total test, and .82, .94 and .79 for the three 
subtests (Rothengatter, 1977). The pretest scores of the traffic knowledge 
test in the present experiment were used as a replication for the 
calculation of the coefficient estimate of internal consistency for 
the three subtests, which amounted to ~ = . 89,~= • 84 and ~= . 73 
respectively. Alpha stratified was calculated for the total test at 
. 74. These figures correspond quite closely to those found in the test 
construction. A replication of the factor analysis on these data confirmed 
the three factor structure of the test. Not withstanding the satisfactory 
psychometric characteristics of the traffic knowledge test,the test 
failed to demonstrate any consistent improvements in traffic knowledge 
as measured with the test or with one of the subtests. This strongly 
suggests the conclusion that the programme does not have any demonstrable 
effects on traffic knowledge. In fact, considering the high average 
pretest scores, it can be concluded that the relevant traffic knowledge 
is already present in children even at a very early age, 

Children's traffic behaviour repertoire test in the real traffic 

environment 

Standardized behaviour assessment procedures for traffic education 
programmes concerning pedestrian behaviour are not available. The 
most widely accepted routine consists of bringing the pupil into a 
situation in which the target behaviour can be displayed and requesting 
or prompting the child to exhibit,this behaviour. The designed behaviour 
tests concern the three crossing procedures of the programme. The items 
of these tests consist of the behaviour elements described in the concrete 
behaviour objectives. The tests have therefore 6, 9 and 8 items (e.g. 
stop, look left, look right, cross at right angles, etc.). The test procedure 
was carried out in normal traffic situation representative for the situations 
of the programme (quiet streets, parked cars, junctions). The subject 
would be brought into situations requiring the relevant crossing 
procedure in a naturalistic manner; for example through a walk in the 
direct neighbourhood of the school. The child's behaviour was not commended 
upon, and observation forms were used to score the child's performance. 
Although the items of the tests are directly deduced from the formulated 
concrete objectives and therefore cannot be considerd homogeneous, 
coefficientoc was calculated for each of the tests to obtain an estimate 
of internal consistency. The resulting coefficient~ was. 63 for crossing 
in quiet streets, ~ =.55 for crossing near parked cars and ~ = .62 
for crOSSing at jllDctions. Test-retest reliability estimates were calculated 
for the pretest-posttest scores of the control groups resulting in 
r = .32, r = • 58 and r = .48 respectively. The limited reliability of 
the tests can be at least partly attributed to extreme high p-values of 
some of the test items. 

On the data obtained from the test procedures a multivariate analysis of 
variance (Finn and Mattson, 1974) has been performed to assess the 
overall effect of the programme application. The data obtained from the 
younger group of children (younger than 5 years) have been treated 
seperately from the older group of children (5 years and over) to control 
for age effects. In both age-groups a significant pretest/posttest effect 
(MP = 1948, p<.01) and a significant interaction effect (MF = 9.59, 

p <.01) was found for:: the MANOVA. In the younger age-group an univariate 
analysis of variance was performed on the test data for crossing in 
quiet streets and for crossing near parked cars. The ANOVA for crossing in 
quiet streets revealed a groups effect and a pretest/posttest effect 
but no significant interaction (see for full details on the results 
of the MANOVA's and ANOVA's, Rothengatter, 1980). Figure 2 illustrates 
that the absence of interaction must be contributed to Che high pretest 
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values, which limit the possible improvements that can be reached in the 
experimental groups (In all figures A denotes assistants group, P parent 
group and C control group) The results of the tests were therefore also 
considered in terms of minimal crossing strategy. The performance of a 
safe crossing minimally requires children in the test situation to stop at 
a place from which they can detect all oncoming traffic and look in those 
directions from which traffic can approach. Scoring on this minimal 
strategy is dichotomous., either a safe strategy is followed or not Hence, 
it is possible to calculate the percentage of children following the minimal 
strategy before and after the programme. As illustrated in figure 3 this 
approach presents much clearer effects; while the assistants group 
reaches 100% correct and the parents group about 80% correct, the control 
group does not reach the 50~ correct level. 

The results of the NOVA on the test data related to crossing near 
parked cars are much clearer. significant pretest/posttest effect is 
found and a significant interaction effect. These results are illustrated 
in figure 4, presenting the mean values of the pretests and posttests scores. 
Both experimental groups show a substantial increase, whereas this increase 
is absent in the control group. This leads to the conclusion that the found 
effects can be interpreted as true treatment effects, which is confirmed by 
the analysis of separate contrasts. Presentation of the data in terms of 
percentages of children performing the minimal crossing strategy gives very 
much the same picture. Considering all ANOVA effects, it can be concluded 
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that for children under five years of age the application of the programme 
has demonstrable effects on the behaviour tests. These effects are more 
pronounced in the more complicated crossing situation (near parked cars) 
and are more pronounced in the assistants group than in the parents group. 
For the older age group the results of the pretest and the posttests on 
crossing near parked cars and at junctions are considered separately. As in 
the younger age group the MANOVA performed to assess the overall effects 
of the programme application resulted in a pretest/posttest effect {MF = 10.42 
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5 Mean values of pretest and posttest scores of the behaviour: 

(crossing near parked cars) for children aged five years and ov~r. 

p .01) and an interaction effect (MF = 3.66,p .01). Univariate analysis 
performed on the data of the tests related to crossing near parked cars 
reveals again significant pretest/post test effects and significant interaction 
effects. The mean scores on this test are presented in figure 5. Both 
experimental groups appear to gain substantially between pretest and 
posttest, whereas this gain is absent in the control group. A test for 
separate contrasts reveals significant differences between both experi
mental groups and the control group on the posttest. Figure 6 presents the 
same data in terms of percentages of subjects performing the minimal 
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strategy for crossing near parked cars. This figure demonstrates that after 
training all subjects in the assistants group and over 80% of the subjects 
in the parents group perform this strategy correctly. Finally, the results 
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of the tests on crossing at junctions are considered for this age group. 
Figure 7. presents the mean values of pretest and posttest and illustrates 
the increases in both experimental groups and a slight decrease in the 
control group. A univ4riate analysis of variance on the test data does not 
demonstrate a significant pretest/post test effect, but does reveal a signi
ficant interaction (F = 3.18, .05). A test for separate contrasts demon
strates that this effect reflects a significant difference between the 
assistant and the control group (t = - 2.34, p .05); the difference between 
the parents and the control group does not reach a significant level. 
Expressed in terms of minimal crossing strategy a very similar picture 
emerges; both experimental groups show increases against a slight decrease 
in the control group. 
Altogether, the results of these test procedures offer very strong support 
for the training programme. The MANOVA's reveal significant before/after 
effects and significant interaction effects and subsequent ANOVA's and 
analysis of separate contrast reveal that these interaction effects reflect 
a general increase in scores in the experimental groups between pretest 
and posttest which is absent in the control group and a consistent difference 
between experimental groups and .the control group on the posttest scores. 
Although no significant differences could be demonstrated, it is clear from 
all presented figures that the assistants group scored generally higher on 

FiguI'es 2 to ? are adc:pted from RJthengatter,J.A., traffic safety 
education for young chiLdren, Lisse:SWets and Ze,'tUnger, 1981 
and are repl'odueed 1<1-ith perm-Z:sshm, In these figures P denotes 
parents group, A de':, 'res assistantl' [Jl'OUp and C denotes controZ 
group. 

the posttest than the parents group. This suggests that parents are indeed 
not as proficient as experienced trainers in eliciting behavioural change 
in children, which could be expected on the basis of earlier parents' 
surveys, 
A substantial emount of additional data has been collected in the course 
of the programme application. For a discussion of these data and their 
analysis we refer to Rothengatter(1981). However, one point needs consider
ation here. A follow-up test was performed three months after the programme 
application had been completed. Comparison of the posttest scores and the 
follow-up scores revealed in none of the tests a significant detrimenr 
Thus it can be concluded that the test results reflect a lasting change in 
the behavioural reportoire of the preschool aged children. 

Spontaneous behaviour of children during school journeys 

During six-week periods before and after the application of the training 
program the children were followed and observed unobtrusively on their way 
to and from school. Only those children were observed who walked without 
adult supervision. The procedure of training observers to score behaviour 
with a high degree of reliability is described in detail by Van der Molen, 
Kerkhof and Jong (1981). The detailed results of the evaluation study 
are to be reported this year (Van der Molen, in preparation) but some 
preliminary results are presented here. 

The numbers of children observed in the three tasks were rather limited when 
split up for Assistent-, Parent and Control groups respectively and for 
the three tasks crossing in quiet streets (task A), crossing from between 
parked cars (B) and at intersections (C). Therefore we shall firstly 
present data of the trained children (A and P groups) taking together all 
87 crossings at the three tasks together (involving 25 repeated measures 
of children Observed in two tasks), Then we shall present data of A and 
P groups taken together at each task. We will only discuss any differential 
effects of A- and P-groups. In order to obtain reasonable testing power 
despite the small sample sizes we decided to test one sidedly with an 
~ -risk of .10 in the N=87 sample(pooled tasks)and with an ~-risk of 
.20 in the analysis of each task separately. This practice is dealt with 
in more detail in the next section. We tested with the McNemar test for 
the significance of changes. 

Table 1: behaviour of trained children (A + P groups) on all three 
tasks taken t.ogether both before and after the program (N=87). 
For the task around parked cars only stopping and head movements 
at the line of vision were scored as correctly. 

!behaviour 1 ~ '/; 

before after 

relative 

% increase 

significant (IX = .10) 

P values 

stop 18 

~+R 18 

inimal 9 

,(, 100 

.!b 44 

21 156 

~ .01 

.12 x 

.01 

x ·the closest possiblc p-value to ~= .10 given the discreteness of 
the distributioll 
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From table 1 it appears that the program was on the whole rather effective 
in increasing the percentages of children stopping at the kerb. making 
head movements both ways at the kerb or using a minimal "safe" strategy 
(stopping and head movements both ways at the kerb), but that the percentage9 
were still rather low after the program. The control group children 
(N=79) showed no increase but a 27% relative decrease in the use of the 
minimal strategy. Checkrwere carried out from Which we may conclude that 
these program effects could not be attributed to an increase in momentary 
traffic when the children were about to cross. 

From table 2 it appears that stopping improved considerably and significantly 
in all three tasks. Making head movements both ways and use of the minimal 
strategy improved considerably and significantly in task A and C, but 
not in task B, crossing from between parked cars. However when giving 
a child o~this task one point for each correct item at the line of vision 
(i.e. one for stopping, HM left and one for HM right) then the mean 
increased from .45 to .77 which was significant (p=.09) with a paired 
t-test. However it is clear that performance levels on this task remained 
very low indeed. 

Table 2: behaviour of trained children (A + P groups) on three tasks 
before and after'the programme 

% % relative % significant (0/.-.20) 
behaviour before after increase p-values 

~ (N-25) 

stop at 
kerb 16 40 150 .04 

L+R stop at 
kerb 16 40 150 .04 

minimal 16 40 150 .04 

Task B (N-31) 

stop at line 
of vision 3 16 433 .11 
L+R at line 
of vision 10 10 0 
minimal 3 7 133 

~ (N-31) 

stop at 
kerb 36 52 44 .15 
L+R at 
kerb 10 26 160 .11 
minimal 10 26 160 .11 

- - ---- ~-.- .. --

The control groups in these tasks (N=31, 12 and 36 respectively showed 
no improvements in the use of the minimal strategy but relative decreases 
of 19%, 53% and 21% on tasks A, B and C respectively, decreases which were 
not statistically significant when tested two sided. 

contrary to the evaluation findings in the previous section it appeared 
that overall improvements were larger in the parents group than in the 
assistents group, which scored relative percentages increase in use of 
the minimal strategy of about 100% and over 200% respectively. 
Summarizing the results of this section and the prevous one we conclude 
that the program appeared not only to be effective in providing the 
children with adequate behaviour repertoires, but that they were also 
using these skills more frequently when they crossed spontaneously on 
their way to and from school when they felt unobserved. Although these 
improvements were considerable. performance levels were still rather low. 

Behaviour of mothers and children in each other's company 

The results presented in tl.e three previous sections can be considered 
as product evaluations of the program, i.e. they measured the effects of 
the program in terms of attainment of its objectives. The evaluation study 
reported in the present section (see Van der Molen, van de: Herik and 
van der Klaauw (1981) for more details) is also concerned with process 
evaluation of the program, i.e. it provides information on the way in 
which medhtors (i.e. parents) applied the program and how their children 
reacted to this. We studied the behaviour examples adults gave to the 
children and whether these examples correlated with that of the children. 
Further we assessed the degree to which parents gave verbal instructions 
to which the children reacted with making head movements. Although 
parents were instructed to train their children in the street and were 
advised to repeat this regularly, they had never been instructed explicitly 
to do this on the way to or from kindergarten. However, if the ideas 
behind the program did come across to the parents, we would expect them 
te become better educational models and instructors after the program 
and to show this on the way to or from kindergarten. Similarly one would 
expect the children to behave more according to what they had learned 
during the educational program. The latter we may consider to be product 
evaluation under specific social circumstances. 
Before and after application of the programme video observations were 
made unobtrusively just befbre and after school time at 18 different 
locations, mostly at junctions with pedestrian crossings but without 
traffic lights. We intended to observe the same couples in both the 
pre- and post-observation, but we managed to do this for 15 couples 
only. For the statistical analysiS of program effects we therefore 
divided our total number of observations in two independent samples 
(N = 2 x 48 = 96) in which the 48 couples before and after the education 
program are different ones, and a dependent sample ( N = 15) in which 
the 15 couples are the same ones in both observations. This small dependent 
sample size gave serious problems with testing power when employing 
the usual levels of et-risk, ,a problem which is frequently overlOOked 
in educational research (Brewer and Gwen, 1973). Rather than focussing 
blindly on the convention to set ~at • 05 or less we tried to find 
a well argumented balance between IJ/... - and P -riks and set ot at .20 (see also 
Elstrodt and Mellenbergh for a discussion of this matter). However 
even now we obtained reasonable (Le. ~ .66) to good (Le. ), .80) power 
(see Cohen, 1977) only for large population effects. So in the dependent 
sample any small program effects could hardly be expected to show up. 

The data of the pre-observation summarized in table 3, show that adults 
stopped as often at the kerb as children, a greater percentage ef ~Qults 
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made head movements in all directions and more adults crossed in a 
normal tempo. These findings are completely in line with earlier studies 
(Van der Molen, 1981'Thedifferences are somewhat smaller in the post-observation 
due to the fact that child behaviour improved more after the training program. 

Table 3: percentages of adults and children displaying specific behaviours 
in the pre- and post-observation. 

behaviour pre-observations post-observations 
N = 63 N = 63 N = 63 N = 63 

adults children p-values adults children p-value, 

stopping 43 46 60 64 

HM left 67 35 ~ .01 84 46 ~ .01 

HM right 71 41 ~ .01 70 60 

HM backward 10 3 l( 18 18 

normal tempo 98 78 ~ .01 98 79 . ______ ~.01 

l( = the p- value is .14; the p-value of the next table is ~ .05 
HM = head movement 
blanks = not significant with a one sided Fisher exact test with ~= .05 

Table 4: ~ -correlations between child and adult behaviour during pre- and 
----- post-observations 

behaviour pre-observation post-observation 

N=63 N=43 N=20 N=63 N=34 N=29 

raffic and traffic no traf- traffic or traffic no traf-

Ino traffic only fic only no traffic only fic only 

ombined 

stopping 1) .71x x .71 .66 .89x x 1.00 .82 

HM left .16 .19 .09 .14 .16 .03 

HM right .10 .16 .04 .31x l( .31 .25 

HM backwards .06 .06 .05 .45x x .35 .63 

normal tempo 1

1

)- 1.00 

1) N=23 both in pre- and post-observations, in stead of 63, as the 
correlations were calculated only for those pairs that were not 
holding hands. 

xx significant with ~1~ .01 with the one sided Fisher exact test. 

Indications .for significance are only given in the first columns (N=63). 
- Correlations are undefined due to the fact that either children of 

adults showed no variation in thier behaviour. 

In table 4 it is shown that especially stopping behaviours of adults 
and children correlated strongly (regarding only those couples not holding 
hands) and that this was no artefact of momentary traffic conditions. That 
the head movements correlations in the post-observations were larger 
may be due to the fact that during the pre-observations only 2 out of 
63 three mothers gave verbal instruction to which the child reacted with 
making head movements against 11 mothers in the post-observations ( p" 
.01) . 

From the data in table 5 it appears that the behaviours trained did 
improve considerably and often significantly both with children and 
(to a lesser degree) with adults except those behaviours with high 
initial percentages. With children the results of the independant and 
dependent sample were more alike than with adults. However, the significant 
findings in the adult N=48 sample were always clearly reflected in the 
N=63 sample, despite opposite trends in the N=15 sample, which might 
be due to small error fluctuations. 

Table 5: improvements in road crossing behaviour of adults and children 
for the two samples together (N = 2 x 63), the independent 
samples (N= 2 x 48) an the dependent sample ( N=15) 

Behaviour percentages or numbers of adults and children displaying 
~ehaviour in pre- and post-observations 

% % % % signi- number and directoins 
of changes xx 

ipre post pre post ficance significance 

N=63 N=63 N=48 N=48 atc(.=.05 N=15 atD(..=.20 

~ N +-
stopping 43 60 40 63 .02 4D 2 2 
HM left 07 84 63 88 ~ .01 5 2 3 
HM right 71 70 69 75 8 2 6 
HM backwards 10 18 8 19 x 0 o 0 
normal tempo 98 98 98 100 o 1 
~rossing at right 
angles 95 89 94 92 3 o 3 

~hildren 
stopping 46 64 44 67 .02 4 2 2 
HM left 35 46 35 42 10 7 3 .17 
HM right 41 60 42 60 .05 5 4 1 .19 
HM backwards 3 18 2 13 .06xxx 6 5 .11 
normal tempo 78 79 81 83 6 3 3 
crossing at right 
angles 95 89 94 92 3 o 3 

blanks 

x 
xx 
xxx 

not significant with one sided Fisher exact test witbPl= .05 
(N=48) or with one sided McNemar test withoL=.20 (N=151 
p-value .12; for the next extreme table < .05 
with adults no changes occurred in the predicted and tested direcLiou 
the value of p as close as possible to --
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The presence of bicycles or motorized vehicles correlated almost .40 
with stopping of adults, both in the pre and post observations. The 
program was effective however in changing to some extent the adult 
habit to stop rarely in the absence of momentary traffic (15% in pre and 
41% in the post observations). The positive effects reported are under
estimates ~or two reasons. During the post observations there was less 
momentary traffic (54% in stead of 68%). Another reason is that we 
estimate that only 50% of the parents and 70% of the children observed 
had actively participated in the program for various reasons described 
in our extended report. From an analysis of program effects at locations 
with less then 75veh/h, 75-200 veh./h and more than 200 veh/h it appeared 
that as far as stopping was concerned improvements occurred especiallY 
at locations with the lowest intensities, i.e. where stopping was not 
already elicited by traffic during the pre-observations. At these low 
intensity locations the percentage of adults stopping increased from 
8 to 42% and children from 8 to 62%. When considering head movement totals 
in all directions a similar but less strong tr~nd was found that program 
effects were strongest in the most quiet environments. However, this evaluation 
study demonstrates that program effects were not only apparent in the 
quiet locations in which training took place, but also in more busy traffic 
circumstances. 

Evaluation of the traffic education programme in experimental implementation 

The evaluation described in the previous paragraphs was designed to measure 
the behavioural effects of the developed educational programme in a quasi
experimental study. The quasi-experimental nature of the study offered the 
advantage of identification of the individual subjects, necessary for the 
pretest-posttest design and the regression analysis and the advantage of 
the programme's optimal effectiveness and the programme's effectiveness 
with non-experimental mediators. The differences found between the results 
obtained by the assistants' training and those obtained by the parents' 
training indicate that in evaluation studies of educational programmes it 
is important to make this distinction in the development stage. If in the 
present study the parents had not been able to obtain significant effects, 
it would have been dependent on the effects obtained by the assistants 
whether the results should have been attributed to an ineffective educa
tional method or to an ineffective approach of the parents. As both groups 
obtained demonstrable effects, this problem did not arise in the present 
study, but it was possible through regression analyses to determine the 
most active ingredients of the programme training. This enables further 
emphasis of the parts of the training that are most crucial in the approach 
to the parents. If quasi-experimental studies have advantages in terms of 
diagnostic power of evaluation, they have also disadvantages in terms of 
validity and reliability of the effects found. Cook and Campbell (1979) 
have discussed these problems in detail. The design used in this study 
(pretest-posttest and experimental-control group design) and the many 
additional evaluation measures that were used counteracted most problems 
related to the statistical conclusion val~dity and the internal validity. 
The problem of construct validity has been partly counteracted by the direct 
relationship between the items of the behaviour tests and observations and 
the formulated validity concerns the not-intended effects of the programme 
application. In the presented study some not-intended effects can be identi
fied that are due to the quasi-experimental nature of the study. In particu
lar the parents and the preschool staff taking part in the programme were 

aware that the programme application was also an experiment. This may have 
enhanced their motivation to carry out the programme. An evaluation appre
hension effect, due to the fact that they were aware that evaluation mea
sures were carried out, would influence their motivation in the same di
rection. Thus, it is impossible to exclude the possibility that parents 
and preschool staff would have made a smaller effort if the programme 
application would not have been accompanied by intensive evaluation. 

Problems of external validity could also not be completely counteracted in 
this study. Generalization across subjects within the sample is particular
ly important with regard to age. Since the data have been analysed for two 
different agegroups, and the effects appeared to be independent of age, the 
programme effects can be generalized across the age of the target group. 
Generalization to populatic',s is more problematic because this study cannot 
demonstrate that the results would have been the same if the programme had 
been applied to a different sample. Small town versus city differences exist 
for example, especially with regard to the traffic environment. Traffic in
tensities are generally higher in cities larger than the town in the study, 
but on the other hand, children in towns of the size of our experimental 
area have a far higher exposure rate than children in large cities (Winter
feld, 1977). The differences in the traffic environment within the popula
tion may implicate differential effects of the programme implementation due 
to differences in traffic exposure in the target group. The directions of 
such influences are not predictable. A large scale implementation study has 
been carried out to investigate the problems of construct and external 
validity resulting from experimentation and area selection effect. For the 
purpose of this study one city and one town was selected which had known 
demographic characteristics and which are together representative for about 
half of the Dutch agglomerations. In each agglomeration two areas were 
selected which consisted of modern housing estates and two inner-City areas. 
One of each of the areas was assigned control area and one experimental 
area. 

The programme received extensive modification. The content and methods of 
the programme remained unchanged, but the manner of presentation was adapted 
to the operational conditions. For the preschool classroom teaching activi
ties various materials were produced in accord with the suggestions of the 
preschool staff participating in the previous experiment. Information book
lets for preschool staff were produced so that they could use the programme 
materials without external support. In addition professionally produced in
formation and instruction material was made for the parents on such a level 
that no need for further guidance was antiCipated. Finally, material directed 
at the children was produced for motivational purposes. These materials were 
put at the disposal of the preschools in the experimental groups at the start 
of the experiment. The programme lasted six weeks, in these six weeks the re
search staff did not interfere in any way with the teaching activities of the 
preschool staff or the training activities of the parents. 

Evaluation took place on several levels. The motivation of the parents and 
preschool staff to take part in the programme and the attitudes of the parents 
was studied through questionnaires in accord with the attitude-behaviour model 
as outlined by Fishbein & Ajzen (1975), which distinguishes attitudes, inten
tions, motivations to comply, social norms, behavioural beliefs and outcome 
evaluations. The use of this model in a pretest-posttest an6 experimental
control group design study is expected to obtain important infonniltioll '" t], 

respect to the attitude-intentions and behaviour relationships J n the t d1.',;(-' 
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groups. In addition a second questionnaire was sent to the experimental group 
enquiring about the training behaviour the parents and preschool staff had 
undertaken as a result of the programme dissemination. Finally, parents were 
requested to return the observation forms they had scored as part of the pro
gramme application. The results are in the data analysis stage. Overall 
response rates to the questionnaires are about 50%. Preliminary results sug
gest that there is indeed a difference in attitudes, behaviour and training 
results between the housing state and inner city areas. Differences between 
small town and large city samples are not apparent. So far, the results do 
not suggest large differences in response to the programme as a result of 
the absence of an unintended experimentation effect, which is in support of 
the construct validity of the measurements in the previous study. 

Following further extension and modification of the programme the last stage 
which is necessary before nation-wide implementation can be considered will 
entail evaluation in terms of measures representing the accident risk of the 
target group. Such an evaluation requires an implementation of sufficient 
large scale; fortunately the total numbers of accidents involving small 
children are not of such a magnitude that programme effects could be de
tected in small samples. It would also require implementation of a longer 
period of time, to ensure that all children in the target group age would 
have received the programme. Evaluation in terms of accident is however 
problematic in more respects than requiring large samples. Accidents are 
multicausal events, and not all of them can be prevented by educational 
programmes, even not by ideal ones. In order to prevent unnecessary noise 
in the data collection, accident data need detailed descriptions of the 
situations in which the accidents took place and the bc!,aviour preceding 
the accident. Such a procedure would reveal the necessary information that 
could validate the presently hypothetical accident-behaviour relationships 
and with that validate the educational objectives formulated for the pro
gramme. Unfortunately, it is generally accepted that such information is 
extremely hard to obtain through present methods of accident data collection. 
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I NTRODUCTI ON 

This paper breaks no new ground. In the spirit of the specification prepared 
by the organisers of this Seminar, it attempts to record the discussions 
which took place on monitoring and evaluation of local street pro~rammes 
as part of a specific study in Melbourne, Australia. Although probably 
unknown to many others around the world, Australianpractice in local 
area traffic management (LATM) is nevertheless extensive. Many of these 
programmes have aimed at general improvements to amenity, but local street 
safety is also a common problem. The potential for the application of 
meaningful evaluation procedures is therefore great. The paper firstly 
outlines Australian LATM practice and its broad findings, then makes 
some general observations on the extent to which this practice has been 
assessed, especially with respect'to safety impacts. The Local Traffic 
Area concept recently adopted in Melbourne is then introduced as background 
to a description of a study which included a specific intention to 
examine evaluation procedures. Some of the considerations of that phase 
of the study are outlined, including the scope of discussions during an 
expert group meeting on the subject. 

AUSTRALIAN LOCAL AREA TRAFFIC MANAGEMENT EXPERIENCE 

There are about 350 local government authorities in Australia who are 
responsible for urban areas, or parts of urban areas, above 5000 population. 
Data collected in 1978-79 by the Australian Road Research Board (ARRB) 
showed that 99 (71 per cent) out of 139 local authorities in the six 
State capital cities had installed at least one street closure, and 
smaller numbers had experience with midblock and diagonal closures 
(Table I). 

TABLE I 

AUSTRALIAN LOCAL GOVERNMENT EXPERIENCE WITH TECHNIQUES 
TO ALTER THE LOCAL STREET NETWORK 

% of loG.A. s • 
Metro Other Urban Total Urban 
n=139 n=134 n=273 

Street closure 
- at intersection 71 43 57 

- midblock 24 8 16 
- Diagonal 13 4 8 

• = Local Government Authority 
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Australia also has a wealth of experience with alternatives to 
street closures, which can aim more directly at traffic behaviour. The 
need for such alternatives was partly created by the controversy which 
often surrounded extensive street closure programmes. Table 11 shows 
that about one in every eight metropolitan local government authorities 
has had experience with various forms of two-way pavement constrictions, 
which range from mild to severe, and about one quarter have examples of 
'wandering pavements' (pavement deviations to direct vehicles from a 
straight path, generally too gently to be really effective). 

Table III summarises Australian application of three other selected 
techniques aimed at modifying driver behaviour. One infuree metropolitan 
councils have experience with local street roundabouts, 11 per cent with 
tactile speed control devices on public roads, and seven per cent with 
various threshold techniques to emphasis the transition from a traffic 
route to an access street. 

TABLE II 

AUSTRALIAN LOCAL GOVERNMENT EXPERIENCE WITH TECHNIQUES TO 
ALTER THE LOCAL STREET CARRIAGEWAY 

% of L.G.A.s 
Metro Other Urban Total Urban 
n=139 n=134 n=273 

2-way constriction 12 10 11 

I-way constriction 6 1 4 
midblock islands 14 10 12 
'wandering pavement' 24 18 21 

TABLE III 

AUSTRALIAN LOCAL GOVERNMENT EXPERIENCE WITH THREE OTHER 
TECHNIQUES TO MODIFY DRIVER BEHAVIOUR 

% of L.G.A.s 
Metro Other urban Total Urban 
n=139 n=134 n=273 

Minor street roundabouts 35 19 27 
Tactile speed control 11 7 9 
devices 
'rhresholrl' techniques 7 z 5 

The results of this Australian experience could be summarised 
as follows. 

(a) Experience in Victoria has shown that long-profile road humps are 
an effective speed-control device when used in a properly designed 
installation, and are suitable for use on public roads when the 
available guidelines are observed. (This principle has now been 
accepted by the Victorian Road Safety and Traffic Authority). 
Anticipated legal problems are not insurmountable. 

(b) Street closures are widely used and undoubtedly improve spot safety 
when applied at an intersection. Closures themselves warrant no 
traffic-related research, but their effects on area circulation 
patterns, community response to route change, network characteristics 
and so on certainly demand far more attention than they have so 
far received. The absolute success of road closures in forcing 
a change of route is directly responsible for the strong pressure 
against them. 

(c) Small roundabouts are feasible and successful in residential streets, 
as the extensive experience in South Australia and Victoria shows. 
This experience points to the need for standard rules of priority 

(d) 

(e) 

and other driver behaviour, clear approach visibility and careful 
attention to lighting. The value of excessive design is questionable 
in low-volume situations, vehicle swept paths proving to be a 
stronger design parameter than capacity. Practice appears to 
favour mountable, if not fully crossable islands. Apart from basic 
guidelines governing these aspects, current practice appears to 
favour non-prescription of design and detailing. 

Experience with streetscaping, kerb extensions to form parking 
bays and pavement constrictions, wandering pavements and so on is 
far less standard and is not well-documented. Although current 
examples (found in every State) are useful as a visual source of 
design ideas, traffic and community impacts of specific treatments 
cannot be predicted on the basis of present information. 

Attempts to control vehicle speeds using constrictions, islands, 
etc., have been made in several isolated locations around Australia. 
Conclusions about their effectiveness and feasibility cannot be 
drawn from available information. Investigations by the Victorian 
Road Safety and Traffic Authority over recent years, including 
several field trials around Melbourne, will hopefully produce 
quantitative conclusions (Ashton 1981). 

EVALUATION IN AUSTRALIAN LATM PRACTICE 

With this extensive experience, it might be expected that there is ample 
formal evaluation data which supports or questions the use of the various 
techniques of local street improvement. 

This is in fact not so. Of the 169 local authorities throughout 
Australia who reported application of one or more of the techniques, 
57 are reported to have conducted area-wide programmes (as distinct from 
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remedial actions at black spots). None of these programmes are known 
to have involved a formal evaluation of the safety benefits, although 
in several cases before- and-after accident data is reported. 

The reasons for this lack of evaluation may be unique to Australia, 
with its generally apolitical, unpaid and part-time elected local 
councillors served by relatively few technical officers skilled in this area. 

(a) Improved safety has not generally been an explicit objective of the 
street improvement programmes. The incidence of casualties in minor 
streets is not commonly acknowledged, although data compiled by 
ARRB verifies overseas observations that non-arterial accidents 
comprise a substantial minority of urban accidents. The accident 
rate per vehicle-kilometre of travel on the more important streets 
within housing areas ('collectors' or 'local distributors') in 
fact appears to be substantially higher than that for arterials 
and other higher-order distributors. 

(b) Whether or not a formal evaluation demonstrates benefits, the 
principal test of acceptability is the public reaction which a 
device or programme excites. Even so, this public reaction can 
be swayed to support a programme if convincing proof of improved 
safety could be found and promoted. Otherwise, daily experiences 
(extra inconvenience, forced change of route etc.) will dominate 
the public's reaction. 

(c) Once a project is implemented, the pressures on local authority staff 
are such that they rarely have time to stop and consider what they 
have done. 

(d) If awareness of safety impacts is exercised at all, it focusses on 
ensuring that the physical measures adopted are not themselves 
hazardous. It is ironic that (usually unfounded) fears that the 
devices are hazardous are often expressed in objections to schemes 
which could be shown to improve safety in an area. 

This last comment pertains particularly to small roundabouts, 
road humps and various forms of 'slow points'. The latter will be 
described in the case study later in this paper. The roundabouts 
which have proliferated in Melbourne's local streets in recent years 
have clearly produced dramatic reductions in accidents. Daley (1981) 
reported that accidents (casualty plus reported damage) occurring 
at 51 intersections on all levels of road dropped from 140 per year to 
74 per year after the installation of roundabouts (significant at one 
per cent level). Unpublished data on 16 roundabouts at minor intersections 
in Melbourne reveals an even greater decline (from 0.54 to 0.03 casualty 
accidents per intersection per year). 

The research at ARRB on road humps reported by Jarvi s (1980, 1981) 
neatly complements that in the UK (Sumner and Baguley 1979) and the USA 
(Smith and Appleyard 1981). The streets where humps have so far been 
installed (in Stirling WA., Corio, Hawthorn and Sandringham Vic. ) did 
not have high prior accident rates. Their safety evaluation therefore 
typifies the problem to which this Seminar pays attention. Assessment 
of these installations has relied merely on demonstrating a clear reduction 
in speeds and an absence of any accidents in association with them. 

While there have been no systematic assessments of the many 
Australian area-wide local traffic management schem~s, some incidental 
information on South Australian examples can be quoted. The Woodville 
(SA) schemes were described in terms of elimination of through traffic 
(Department of Transport 1978), and observed accident reductions were 
attributed to this. In the first area to be treated (Woodville South 
in 1971), internal accidents, both casualty and damage, reduced by 
48 per cent. Within a second area (Flinders Park) the reduction was 
33 per cent. It was reported that the perimeter road rate was unchanged. 

In Unley, the first two months of experience produced a 60 per 
cent reduction in accidents internally and a 36 per cent reduction on 
peripheral roads (Road Traffic Board 1975). Perhaps more meaningfully, 
after 12 months experience there had been 56 per cent fewer injury 
accidents and 42 per cent (about 50) fewer total accidents internally 
than were expected. Peripheral road accidents were slightly higher 
than expected but injury accidents were 32 per cent less (both observations 
not significant at five per cent level). Within Burnside, internal 
accidents over one year decreased from 50 to 29. Meanwhile, peripheral 
road accidents between major intersections also dropped (from 145 to 
127). The major intersection rate remained about the same. tairneyand 
Brebner (1980) noted that 61 per cent of Unley respondents spontaneously 
mentioned improved safety or a reduction in noise following road closures 
there, a belief which is borne out by the data. 

These cases are quoted to illustrate the assertion that, if the 
area is big enough and/or the accident rate is high enough, statistically 
reliable numbers of accidents can be obtained without waiting for many 
years. In Australian cases, typified by the example described in what 
follows, the study areas are usually large enough to embrace significant 
numbers of annual accidents. Daff and Hua (1981) found that there was 
about 2.5 million vehicle-km of travel per square kilometre of residential 
area in suburban Melbourne. Using Harper's (1970) rate of 1.37 
casualties per 100 million vehicle-km for minor Australian streets, this 
produces an expected value of about 3.5 casualties per square kilometre 
per annum. On that basis, recognising that study areas typically range 
above 1 km 2 in area, and assuming areas of greatest need will experience 
a greater rate, it can be seen that 'before' casualty numbers in a study 
area could be well above five per annum. Therefore, if an area approach 
is taken, the problem is not one of having enough accidents to perform 
statistically valid analyses, but rather is a question of having sufficient 
historical data to establish variability in the yearly casualty numbers. 

The need for substantial data is of course not the principal reason 
for adopting an area-wide approach to local area traffic management. The 
Victorian approach, based on 'local traffic areas', recognises the 
need to study traffic impacts and changes over a wider scope than the 
immediate group of streets. The consequences for evaluation are noted in 
the following discussion of some Melbourne cases. 

CASE STUDIES FROM VICTORIA 

In order that the municipal engineer can undertake road planning on 
a rational basis, a road hierarchy system has been introduced in the 
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State of Victoria (Road Safety and Traffic Authority 1980). Each 
municipality is encouraged to produce a road classification plan for 
existing roads in their area. Emerging from such plans is the concept 
of Local Traffic Areas as depicted in Figure 1. 

I 

\ 
/ 

Irlll 11!lrllr~ill' ::*'<>.:~ :,:::::::~:~:::*:::: 
---'\. \ Collector Road 

Arterial Roads Local Cross,ng Road 
or Collector Road 

~ Local Traffic Areas 

::::::::::::::: Local Traffic Precinct 

Fig. 1: Definitions adopted for Victorian studies. 

Typically in an Australian situation the Local Traffic Area could 
be up to 2t square kilometres in size and contain 2,500 dwellings. 
Within these areas there are local streets of varying network importance. 
Areas bound by Collector or Local Crossing Roads and the arterial roads 
are termed Local Traffic Precincts. It is in these areas that the 
opportunlty for radical changes to the road system occur. 

The prinicpal function of a Collector Road is to distribute traffic 
between the arterial roads and local streets. It 'collects' traffic 
from a catchment of local streets branching off it and connects to a 
Local Crossing Road or Arterial Road. 

Local Crossing Roads, on the other hand, are those roads which 
fulfil a need to directly cross a Local Traffic Area because in one 
dimension at least, the area is too large to be reasonably circumnavigated 
by intra-suburban traffic. 

A number of studies and experiments have commenced in Melbourne 
and provincial cities to study and improve the safety and amenity of 
.Local Traffic Areas. To a large degree, the introduction of 'Woonet'ven' 

in Holland has provided the incentive to adapt this concept to Australian 
cities. However, Australian suburbs are vastly different to Dutch cities 
and densities of ten dwellings/ha are the norm. Right of way widths and 
house allotment frontages are typically 15 metres and most vehicles 
are parked within the house property. This created long, straight and 
comparatively wide residential streets where speeds of 60-80 km/h are 
common. The street became an asphalt strip completely dominated by 
the motor vehicle. 

Because it is too costly to remove the kerbs, gutters, asphalt, 
etc and redesign the street to be more compatible with the residential 
function, devices have been suggested to be incorporated into the 
existing road system to slow vehicles (Figures 2a and 2f) (Loder and 
Bayly 1981a, b, c, d). It is of interest to note that the devices 
suggested are coincidentally not dissimilar to those recently installed in 
Danish cities (Denmark-Justitsministeriet 1978). 

Three separate, but similar studies on the application of such 
techniques have been undertaken in Victoria. Two of these are in 
Sandringham and St. Kilda, both suburbs of Melbourne, and the third is 
in Geelong, a provincial city in Victoria. The Sandringham study was 
run by a steering committee representing the Victorian (State) Road 
Safety and Traffic Authority (RoSTA), the Australian Department of 
Transport's Office Road Safety, and the City of Sandringham. 

The interests of the three participants were primarily: 

(a) RoSTA's interest in a demonstration of an area-wide approach to 
local street management and safety gains. 

(b) Sandringham Council's concern for the improvement of its local streets 
both visually and in safety. 

(c) The Office of Road Safety's particular interest in the process of 
the study and its applicability elsewhere. 

The study was undertaken by a firm of consultants, Loder and Bayly, 
in conjunction with three local area committees. All meetings of these 
committees were open to the public. Al r the ideas for treatment was 
discussed by the Consultants with the Committee prior to being presented 
to the Steeri ng Convnittee. 

Four meetings were held with each of the three local area committees 
and the main issue at each meeting was in turn: 

(a) problem identification 

(b) alternative solutions, device trials 

(c) general plans and device evaluation 

(d) draft final plan and extent of solutions. 

Meeting times and dates were advised by letterboxing the community. The 
meetings usually lastf'd for two and a half hours. A thirteenth and 
final meeting was held for all committees and areas combined. 
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SIngle Centr. lAte Angled 

Driveway Entry (E) 

Treatments at the 
intersections of arterial 
roads and local streets. 

Designed to emphasise 
the different nature of 
local street to the 
arterial street. 

Discourages inappropriate 
traffic. 

(a) 

/-

Slow Point (S) 

Located at midblock 
location to reduce 
vehicle speed. 

Helps to break down 
visually the linear look 
of the street. 

Can incorporate a road 
hump in certain 
circumstances. 

(b) 

Figure 2: Local street treatments proposed in Melbourne 
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Slow Point (S) 

For use in wider streets 
where parking space is at 
a premium. 

Opportunity to create 
effective landscaping to 
improve streetscape. 

Encourages lower speeds 
in the street. 

(e) 

The process generally worked well. In addition to the more 
obvious benefits. it allowed Councillors to obtain an informed opinion 
about the way many concerned residents felt about the proposals. This 
was considered important for the Councillors to maintain a balanced 
perspective. since they would almost certainly be subjected to stronger 
representations from those opposed to the plan than by those in favour 
of it. if it is initially supported by Council. 

Early in the study. the required solutions divided into two 
distinctly different categories. which precisely matched the equally 
distinct nature of the problems perceived. Spot accident locations 
could be treated. by and large. independently. Problem streets. on 
the other hand. needed an area-wide approach. in order to preclude the 
transfer of problems from one local street to another. 

In most locations in the study area. though. speed was perceived 
to be the major problem rather than accidents which were only perceived 
when they occurred in the 'black spot' type locations. It was necessary. 
therefore. to provide measures that reduced the speed of vehicles in 
these streets. In order to fulfil this objective it was vital that any 
changes designed to reduce speed were themselves safe. and added to 
rather than reduced the visual character of the street. 

The devices shown in Figures 2a-2f were among those which evolved 
out of this group of studies. Trials of some of these 'slow points' 
were undertaken as part of the Sandringham study and it was found that 
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Slow Point (S) 

A variation of the above 
design which is relatively 
inexpensive. 

Encourages low speeds in 
vicinity of device. 

Effective in areas of high 
parking demand. 

( d.) 

Driveway Link (Ml) 

Short section of street is 
reconstructed to level of 
footpaths. 

Similar to Road Closure but 
vehicles can pass through 
the link. 

Requires complete 
reconstruction and alteration 
to drainage. 

Enables additional landscapes 
and open space areas to be 
provided. 

(e) 

. 1 

~ 

Play Spaco 
Humps and Coloured Surfaces 

Play Space (S7) 

Place where 'Woonerf' 
principles can be applied 
over specified section of 
carri ageway. 

Area to be designed as an 
entity to be completely 
safe. 

Speeds through space should 
not be able to exceed IOkm/h. 

Parking should be prohibited 
in area. 

(f ) 

speeds were dramatically reduced. For instance, at the one lane angled 
device median speeds were reduced from 60 km/h to 35 km/h after the device 
was installed. 

Implementation 

It was considered necessary to prepare a plan showing the area with the 
recommended devices located on it. Figure 3 illustrates the 
recommended plan for the area in St. Kilda. 

The implementation process is necessarily staged on a yearly 
basis and could take up to ten years to complete. Residents directly 
affected by the coming year's proposals should be given a plan and 
explanation describing the works in their area. It was recommended 
that the plan only proceed if less than one third of residents lodge an 
objection. A street could be brought into the scheme at a later date 
if there is a change in attitude. 

EVALUATION IN THE SANDRINGHAM STUDY 

Although the treatments actually carried out in the Sandringham study 
were few in number (only two streets being treated as demonstrations of 
the types of devices which could be used elsewhere), the consultants 
were also required to explore the methodology for monitoring and 

---~-.----------------------------------~ 
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Fig. 3: The Mitford ( St. Kilda) Area, showing 
proposed locations of treatments. 

(Source: Loder and Bayly 1981c) 
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(_ NC\oi Freeway opens in corridor. 

Fig. 4: Hypothetical accident data, illustrating 
extraneous influences on accident changes. 
(Source: Loder and Bayly 1981d) 

evaluating future area-wide installations. In their response (Loder and 
Bayly 1981~, the consultants noted several of the problems which were 
also raised preparatory to this Seminar, especially the problem of 
the unstable environment in which before-and-after studies have to 
take place. (Very little can usefully be deduced from data like that 
in Figure 4, for example). 

A procedure was recommended which relied on monitoring of certain 
parameters as a basis for short-term progressive assessment of a scheme, 
and as a source of the information for longer-term evaluation. Some 
of the possible parameters for monitoring are listed in Table IV. To 
these could be added indicators of residents' perception of changed levels 
of safety (which mayor may not accord with measured changes), and other 
such measures which, being related to feelings rather than necessarily 
to facts, often are better indicators of likely community reaction. 
This also highlights the multi-objective nature of local street 
evaluation, safety being only one of several issues requiring attention. 

Parameters for monitoring 

Some brief comments should be made about some of the parameters listed 
in Table IV. About 20 per cent of all collisions were estimated by 
the consultant (without detailed research) to be reporteo to police. 
Only about half of those appear in published accident records. Other 
sources of collisions data, largely on unreported property damage 
collisions, are illustrated in Figure 5. 
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Conflict analysis is not among the tools adopted for assessment 
of accident potential in Australia. There are some reservations about 
the survey requirements and scepticism, voiced by Williams (1980), about 
the actual relationships between observed conflicts and actual accident 
occurrence. 

The use of operational parameters (speed, visibility, volume, 
etc) as proxies for accident potential is fairly common. although it 
is acknowledged that we still lack information about cnusal relationships 
between such variables and accident occurrence. 

Short-term changes in traffic volumes imply a diversion of 
traffic to other routes as a result of a scheme. The consultant 
argued that, where this diversion was from local streets to arterial 
roads, a reduction in exposure followed (on the basis of the rates 
developed by Daff and Hua 1981). If this logic is to have useful 
application, better estimates of vehicle-kilometres of travel are 
required, and firmer relationships between travel-based exposure 
measures and accidents must be established. 

TABLE IV 

These relate to 
incidents 
involving 
co 11 is ions 

These re 1 a te to 
'near miss' 
incidents 

General 
operational 
parameters 

'Exposure' 
parameters 

POSSIBLE PARAMETERS TO INDICATE SAFETY 
LEVELS DURING MONITORING 

Reported accidents (to police) 
Reported accidents (to crash repairers) 
Reported accidents (to tow truck operators) 
Reported accidents (to insurance companies) 
Reported accidents (to ambulance services) 
Crash debris on road 
Resident views and perceptions 

Skid marks 
'Conflict analysis' - braking and swerving 

In-vehicle observers 
Vehicle speeds 
Vehicl~ lateral displacements 

Visibility 
On street parking 
- many more possible measures 

[

Vehicle kilometres of travel on local streets 
Vehicle kilometres of travel on arterial roads 
No. of vehicles entering intersections of different 
types. 

Source: Loder and &ayly (1981d). 

Basis for eval~ation proposed in the Sandringham study 

The recommended procedure for evaluation of schemes creating significant 
diversion of traffic to arterials involved the use of easily-measurable 
traffic flow data and calculated average accident rates on different 
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types of street. Assumptions about the independence of rates per unit 
travel and traffic flow levels are implied in this approach. 

Where little diversion of traffic is expected, Loder and Bayly 
recommended collation of reported accident data (published and unpublished). 
In most Australian cases, as noted earlier, the number of accidents 
in reasonably brief 'after' periods should be large enough to permit 
statistical analysis. (This implies reasonable constancy in the 
percentage of total accidents which come to the attention of the police). 
In addition, until speed/accident and other such relationships can be 
firmly established, an inventory of measurable and non-measurable 
factors likely to be related to accidents was recommended so that at 
least a subjective assessment could be made of the correspondence between 
changes in these factors and changes in accident numbers and locations. 

The consultants recommended against using the following, which 
have been suggested elsewhere: 

(a) control areas - because area characteristics are hard to pair 
adequately, and reliable estimates of general trends are more 
likely to be obtained from Melbourne-wide data; 

(b) conflict analysis - because of the large survey resources that were 
expected to be required, and doubts about conflicts-accidents 
relationships; and 

(c) use of insurance and other records - ~ecause, even accepting the 
time and the other difficulties involved in extracting the data, 
precise locational data is not usually obtainable from such sources. 

Group discussion on evaluation methods 

After the foregoing propositions were made by the consultant, about 20 
experts on traffic, statistics and the implementation of traffic management 
were brought together to discuss the problems of monitoring and evaluation. 
As often happens at such gatherings, the discussion was somewhat free
ranging and inconclusive. However, in addition to confirming some of the 
points made earlier in this paper, the following matters were raised: 

(a) Is the number of actual collisions or the level of safety perceived 
by residents a more critcial variable? Should we be observing 
changes in the way residents use their local streets (i.e. playing, 
walking, parking) as proxies of their perceived safety? Residents 
who have a 'siege mentality' (i.e. with high perceived threat) 

(b) 

with respect to their streets are unlikely to expose themselves 
to as much danger as those who live on quieter streets. How much 
can we rely on local residents to give an accurate picture of hazards 
in an area? Perceived safety may be unreliable for before and after 
studies because residents will have a preset bias due to having 
supported or opposed the traffic management treatments before 
their installation. Should we try to correlate perceived values 
with easily measured quantities such as traffic speed and volume? 

Accidents are presently too dispersed on the local street system 
to form 'black spots'. Their transfer from the local street system 
to the arterials is beneficial because they could then be 'treatable'. 

(c) Is cost/benefit analysis appropriate? (Probably too ambitious given 
our lack of knowledge). The ntoney spent on accident countermeasures 
is .notfroma fixed sum. It can go up and down at the expense of 
non-safety, non-transport expenditure such as libraries, especially 
at the local government level. Safety benefits of local area traffic 
management changes are generally only given lip service ('we are 
studying safety, of course'); the real decisions and recommendations 
are based on other issues such as amenity. In the final analysis, 
the cost of accidents will be the extent to which the community is 
willing to pay. This presents problems because the road death of 
a notable footballer ranks far more highly than that of a motor 
cyclist, as judged by community response. 

(d) Use of the exposure measure of vehicle-km is likely to bias against 
bikes and pedestrians in local areas. Is exposure a good indicator 
of likely numbers of any accidents? (There were differing views, 
dependant on type of accident). Observing crash debris will bias 
against pedestrian and bike accidents. 

(e) Some sources of data are available for accident analysis but records 
are not collated by geographic area e.g. Motor Accident Board records 
in Victoria, tow-a-way reporting forms and household survey interviews. 
If our reporting system for accidents is inadequate do we collect 
more data in particular geographic areas (e.g. hire people to 
liaise with tow truck companies and audit their work)? A lot 
of data could be obtained by hiring one person for a year. We could 
increase reporting by asking residents to report incidents and 
near misses in which they have personally been involved (but expect 
large biases, double counting, staleness of data etc) . 

CONCLUSIONS 

Although the process described in this paper may get us closer to a 
practical monitoring procedure for Australian projects, none of the 
extensive experience so far in Australia sheds much light on the theory 
of evaluation procedures. Since local authority action (and reaction) 
is the principal determinant of changes in Australian local streets, 
measurements of perceived safety and obvious characteristics of street 
operation (especially speed) are likely to prove to be most useful in 
practice. Such things can be measured reasonably easily and are factors 
which laymen and elected representatives can appreciate. 

Nevertheless, specific measures of changes in safety are required 
by those involved in promoting new design concepts and in funding their 
application. Short-term assessment is not as necessary at this level, 
and perhaps improvements in accident data recording and retrieval will 
largely meet such needs outside the municipal arena. 
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EVALUATION OF THE SAFETY OF SPEED CONTROL HUMPS 

by C J BAGULEY 

ABSTRACT 

To illustrate various problems which arise in the evaluation of accident 
counter-measures this paper presents a case study of the public road trials of 
a design of speed control hump developed at TRRL. The objectives of the study 
are outlined together with details of the legal and practical constraints 
affecting its design and the various evaluation measures used. 

The effectiveness and acceptability of humps as a means of improving safety and 
amenity on residential roads was investigated. The period for which the experi
mental humps could remain in position was restricted by law to one year which 
thus also restricted the length of evaluation period. The way in which suitable 
sites were selected for study is discussed. 

The study took various measures of the effect of the humps on vehicle speeds on 
the roads concerned (ie a 'process' evaluation), on the previously untested 
assumption that a reduction in speed would reduce accidents on such roads. 
There was also a resultant indirect effect on accidents via changes in vehicle 
flows. The ultimate evaluation, made in terms of accident changes (the 'product' 
evaluation) is also discussed. A survey of public opinion at the experimental 
sites was carried out and the importance of this (as a possible further 
'process') is considered. The paper also outlines the problems associated 
with selecting appropriate control data. 

Both types of evaluation techniques demonstrate the need for area-wide studies 
and the value of monitoring as many variables as possible to enable all the 
advantages and disadvantages of the measure to be assessed. 

BACKGROUND 

In Great Britain, 32 per cent of road accidents involving injury or death 
occur on minor roads in built-up areas and at least 30 per cent of those killed 
or injured are pedestrians. It has been assumed that a major contributory 
factor to the incidence and severity of these accidents is excessive traffic 
speed and it has been argued that the maximum permitted speed of 30 miles/h 
(48 km/h) is too high for many of these roads in built-up areas. Most of these 
minor roads are residential roads and many, in addition, contain schools or 
play-areas and have a high proportion of pedestrian movements particularly of 
children. It is commonly believed, however, that the introduction of lower 
speed limits would be impractical as they would be virtually impossible to 
enforce adequately. The concept of a device which could be easily installed 
on existing roads and which would efficiently slow down drivers without the 
need for enforcement or restriction of access is obviously an attractive one. 

Watts I had tested different sizes of road humps which were the segment of 
a circle in cross-section using different subjects and vehicles driven at a 
range of speeds over the humps on a test-track. He concluded that a particular 
design (3.7 m long and 102 mm high at its centre) could be crossed with 
reasonable comfort in all test vehicles at 5 mile/h (8 km/h) and would produce 
an uncomfortable ride in excess of 20 mile/h (32 km/h). It was predicted that 
a series of these humps along a road should therefore produce an average speed 
of light vehicles of between 15-20 mile/h (24-32 km/h). 

OBJECTIVES OF THE EVALUATION 

An evaluation of this design of hump on urban residential roads was thus 
planned to test (i) whether traffic speed could be reduced to the above levels 
in practice, (ii) how effective humps would be in improving safety and amenity, 
and (iii) whether or not the measure would be acceptable to the general public. 
It was felt important to study public opinion as permanent introduction of 
humps on public roads would ultimately mean changes in legislation and excessive 
opposition to the measure would inevitably render these changes unlikely to be 
introduced. 

SITE SELECTION 

Road traffic law had been enacted which permitted TRRL as agents of the 
Secretary of State to install speed control humps for an experimental period 
of one year only at anyone site. It was expected that due to this rather 
short evaluation period difficulties might arise in assessing the effects of 
humps on accidents particularly as the number of sites at which the assessment 
was to be made was restricted by the research resources available at the time. 

A further constraint on the selection of roads for study arose from the 
need to rely on local highway authorities to indicate available sites. This 
procedure, however, did perhaps help to alleviate some of the 'bias by 
selection' or 'regression-to-mean' effect. The highway authorities tended tu 
suggest those sites where some residents had already requested something he 
done about the excessive speed of traffic, and although the roads were ('ow 
sidered dangerous by these residents this was not, in many cases, borne Ollt by 
the injury accident records. Only about three of the nine siLe" finally chosen 
for treatment had particularly poor accident histories. 

The two major factors used in selecting sites from those availahl.· w('n' 
whether the roads were less than! mile in length and already had slow (,lItry 
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soeeds t.;here the first hump of the series could be located. These criteria 
'.'LI,: set as means of avoiding excessive delay to traffic and minimising the 
nossibly hazardous incidence of drivers encountering the first hump of the 
series at high speed. A drawback of using such selection criteria is that 
final conclusions about the effectiveness of the measure should only be applied 
to roads having similar features and it will not be known how important these 
site restrictions were. 

As wide a geographic spread of sites as possible was used to avoid any 
effects peculiar to one particular region. Also, to reduce the likelihood of 
anyone social class or class of driver biasing the results, a variety of types 
of area were chosen ranging from a road bordered by local authority tenement 
blocks in Glasgow to private residential houses at a site in Kensington (an 
inner suburb of London). 

The first five sites used in the study2 were all residential roads 
containing dwellings distributed fairly evenly along their length and carrying, 
almost exclusively, light vehicle traffic (ie very few heavy goods vehicles and 
no regular bus services). The later four sites3 each had other features, for 
example, one had a scheduled bus service along it and another was a seafront 
esplanade bordered by shops and hotels. It was not expected that firm 
conclusions about the particular effects of humps at each of these new types 
of site would be established (having only one site of each type) but it was 
hoped that they would augment the findings from the earlier sites and at least 
indicate any extreme effects due to these other features. 

EVALUATION MEASURES 

A. Changes in behaviour and public opinion (process evaluations) 

I. Of prime interest in this study WaS the effect of humps on traffic speed, 
on the previously untested assumption that a reduction in speed would reduce 
accidents on residential roads. There was, however, no one measure of vehicle 
speed that appeared the most appropriate to take in all circumstances. As 
accidents can occur anywhere along a road, one relevant measure was considered 
to be the average journey speed along the length of humped roads. These 
measurements were, however, found to be impractical at some sites which had 
very low flot~s as most vehicles did not travel the full length of the road. 

It was considered that a more appropriate measure relating to accident 
frequency might be the maximum speed attained by vehicles. This is not 
necessarily reflected in journey speed measurements as some parts of the road 
could be considerably slower than others due to factors such as changing 
widths, bends, parked cars or number of side roads. In the 'before' study 
it was found that there was usually one short section on a road where most 
drivers were travelling at their fastest and its approximate position, where 
measurements were to be made, could be found by following a relatively small 
sar.ple of drivers along the ro;rd. In most cases this point of maximum speed 
was shifted to a completely different position after the humps had been 
installed, and for compari SOil wi th 'before' measurements this point was taken 
to be midway between the two most widely-spaced humps on the road. It is 
clear from the results shown in Fig 1 that humps can reduce speeds 
,:ubstantially. 

Speed measurements wcre also made between humps with Cl range of sparings 
and on the humps themselves a( ,-aeh site. Fig 2 shows the mean mid-point 
speeds against hump separaLion and some of the scatter from the regression 
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line drawn may be due to the fact that maximum speed attained is dependent 
on other factors such as road width and proportion of through-traffic. 
However, the results demonstrate that some control of the maximum speeds and 
hence average speed along the road can be achieved by choice of hump spacings. 

2. A secondary expected effect of introducing speed control humps particularly 
on a road that is used as a short-cut is that some drivers would be discouraged 
from using the road altogether. It was therefore most important to consider 
the road as part of a wider area (usually a complete housing estate) and monitor 
traffic flow on as many routes as possible in an attempt to find out to which 
roads traffic had been diverted. Wherever possible, average 16-hour weekday 
counts over the same period of year in the 'before' and 'after' periods were 
compared to avoid bias due to seasonal variations. 

Ideally, traffic using the humped roads as a short-cut would be diverted 
onto distributor roads designed to accommodate much larger flows but in 
practice part of this diverted traffic appeared to use other roads in the 
estate. The proportion of the original vehicles that no longer used the 
humped road varied considerably between sites. Prediction of this quantity 
would obviously be very difficult but detailed journey time measurements at 
one site indicated that the additional time necessary to travel the alternative 
routes was an important factor. 

3. It was hoped that humps would provide considerable improvement in safety 
for pedestrians and so crossing manoeuvre studies were made at two of the 
sites3,4 where pedestrian activity was sufficiently high to make this 
feasible. Using time-lapse film, pedestrians' safety gaps and time delays 
at the kerb were measured and preferred crossing areas in the 'before' and 
'after' periods noted. Unfortunately, agreement of results from the two 
sites was poor due to differences between the sites themselves eg road 
widths, parked cars, traffic conditions, pavements. At the first site where 
mean journey speed was changed from 44 to 23 km/h and flow reduced by about 
57 per cent, both pedestrians' safety gaps and kerb delays were markedly 
improved. The second site already had low speeds (reduced from 17 to 14 
km/h) and humps did not affect traffic flow: thus a slight improvement in 
kerb delays only was observed. 

The first site also indicated that pedestrians tended to choose humps as 
places to cross the road at footpath level and, although unexpected, this was 
regarded as an advantageous effect since these locations were now the areas 
on the road where traffic was travelling at its slowest. However, at the 
second site no change in the positions where pedes trains crossed the road 
could be detected. 

4. Other measurements made at the experimental sites were of noise and 
vibration since complaints of these being due to traffic using the road were 
often made by residents. Noise measurements (IB-hour LIO) were taken at the 
position of the house frontages and small reductions in noise level at all 
sites were recorded in the 'after' period. Most of this reduction was 
attributed to the reductions in traffic flow rather than speeds and so it 
is possible that some increases in noise occurred on those roads onto which 
through-traffic had been diverted. 

In order to assess the affect of vibration transmitted by vehicles 
crossing humps it was necessary to make measurements inside houses. These 
were time-consuming to collect and analyse an,1 involved obtaining rl':;idents' 



N .a;.. 
I,C) 

cooperation and thus a vibration study was only carried out at one site. 
This site, however, was likely to be a 'worst case' as the road was used 
regularly by buses and was bordered by modern houses, many with wooden 
floors, built only about 8 m from the kerbside. Vibration spectra obtained 
showed that although the highest levels recorded (ie for buses crossing a 
hump directly outside a wooden-floored house) were well below the level 
likely to cause structural damage to property they were slightly above the 
human perception limit and could, therefore, be considered a nuisance by 
some residents. 

5. To assess public op~nwn of the humps used, one resident from each household 
bordering the humped roads "as intervie"ed. To ensure that this sample was 
unbiased, the interviewee chosen from each household was the adult whose 
birthday was nearest the interview date. The interviews were carried out about 
3 months after the installation of humps so that residents had sufficient time 
to get used to the humps but could still remember conditions before humps. The 
first part of each interview was designed to obtain opinions about changes in 
the road environment (eg noise, amount and speed of traffic, risk of accident) 
over the last 4 months without reference to humps. More specific questions 
about aspects of the humps installation (shape and size, positioning, signing 
etc) were then asked. 

The surveys showed that, generally, residents considered that conditions 
had improved since humps were installed and at most sites more than 80 per cent 
of residents were in favour of the use of humps on their road. It should be 
noted that prior to the installation, all residents on the roads concerned were 
informed by letter of the proposals and given the opportunity to visit an 
exhibition caravan which outlined the experiment. In pointing out the aims 
of the experiment it is possible that this may have had some influence on 
residents' final opinions. 

At the first site4 the survey was also carried out on similar surrounding 
roads where the traffic flow had either increased or decreased due to the hump 
installation. Residents on these roads tended to believe that conditions on 
their roads had worsened irrespective of actual flow changes but they were 
generally in favour of the use of humps. A control survey was carried out at 
this site on another similar estate in the city and no significant changes in 
replies to similar questions over the same period were obtained. 

Roadside interviews of non-resident drivers were also carried out on 
several of the humped roads and these indicated that the majority of drivers 
were also in favour of humps. This sample, however, only included those 
drivers who continued to use the humped roads and were thus less likely to be 
opposed to the scheme. 

The emergency services at each site were asked for their opinions of the 
humps at the end of the experimental period. Most of the fire and ambulance 
services were against the use of humps due to the additional time necessary to 
respond to an emergency but the police services had no difficulty in using the 
roads and considered humps to be an effective safety measure. 

B. Changes in accidents (product evaluation) 

Because accident rates at the experimental sites were relatively low, 
consideration was given originally to the use of 'traffic conflicts' as an 
evaluation tool. This was, however, eventually decided against because the 

effects of humps were to be assessed over sections of road up to 900 m length 
and conflicts were likely to be fairly infrequent events (due to the relatively 
low flows involved). This would make conflict observations difficult and 
lengthy requiring more practical resources than were available. 

At least 4 years of detailed injury accident data were available for the 
'before' period at all sites. The 'after' period at each site was taken to 
commence from the date when hump installation was complete and care was taken 
to adjust all annual casualty numbers to this date rather than calendar years. 

At the first site, other housing estates in the city were considered for 
use as control data. It soon became clear, however, that an estate of equiva
lent size having similar traffic patterns and accident numbers would be very 
difficult to find particularly in ensuring that no changes peculiar to this 
control site had occurred during the same period. This method was therefore 
abandoned in favour of taking injury accidents on all similar types of road 
(ie class C and unclassified) in that county or city area as the control. This 
was considered more likely to reflect general trends in accident rates due to 
changes in county or national policies (eg in local speed enforcement, road 
safety education, or national petrol and licence costs) during the study 
period. 

It was decided that accidents which occurred at the junctions at either 
end of the humped roads should be included in the evaluation since the instal
lations had in most cases affected the numbers of turning manoeuvres and also 
the approach speed of the turning vehicles at these junctions. Table I gives 

TABLE I 

I 

Site 
Control 
ratio* 

I 0.294 

:' 0.314 

3 0.211 

i 4 0.199 
I 
I 5 0.241 

I 6 0.251 

I 
7 0.217 

8 0.246 

9 0.229 

Totals 

'* Control ratio 

Road accident casualties at experimental sites 

I Alternative routes on 
Road "ith humps surrounding roads 

Before 
Expected After Before 

Expected After 
After After 

(4 yrs) (I yr) 
(I yr) (4 yrs) (I yr) 

(I yr) 

32 9.4 I 69 20.3 34 

5 1.6 0 33 10.4 9 

23 4.9 I 285 60.2 58 

46 9. I 8 176 35.0 30 

12 2.9 I 17 4. I 12 

2 0.5 0 64 16. I 14 

I 0.3 I 170 37.0 39 

10 2.5 () 7 1.7 I 

8 1.8 0 14 3.2 3 

139 33.0 12 835 188.0 200 

(
Total casualties on class C & unclassified roads in) 
District or Borough Council area during After period. 

(Total casualties on these roads during Before period) 

---
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the changes in numbers of persons injured on the humped roads and on all 
similar surrounding roads which were assessed as being the most likely 
alternative routes. Following the method of analysis derived by TannerS, 
the overall reduction of casualties of 64 per cent over·the expected number 
on the roads with humps is significant at the O.lper cent level. 

Casualties on the surrounding roads at some sites appeared unchanged 
whilst two sites showed considerable, statistically significant, increases. 
It is possible that as well as increased traffic flows on these roads, an 
improvement in reporting of accidents during the 'after' period (due to local 
interest in the road hump trials) may have contributed to these higher 
recorded casualty numbers. However, applying Tanner's analysis when the real 
effects at all sites cannot be assumed equal, there was no overall statisti
cally significant change in casualties on the surrounding roads during the 
experimental period. 

EVALUATION CONCLUSIONS 

Advantages 

I. 

2. 

3. 

4. 

5. 

Humps were effective in reducing traffic speed at all sites to a low level 
(less than 27 km/h average journey speed). 
Traffic flow was reduced by varying amounts dependent on factors such as 
proportion of through-traffic and availability of alternative routes. 
Due to (I) and (2) traffic noise was reduced on the roads with humps and 
crossing the road made easier for pedestrians. 
The majority of residents at the experimental sites were in favour of the 
humps and thought they served a useful purpose. 
Humps reduced the number of road accident casualties on the roads concerned 
by an overall 64 per cent. But see 2 below. 

Disadvantages 

I. Fire and ambulance services were in most cases against the use of humps due 
to the additional time necessary to respond to an emergency. 

2. Some traffic was diverted onto similar surrounding roads and at two of the 
sites studied the numbers of casualties on these roads increased considerably. 
However, combining data from all sites there was no overall statistically 
significant change in casualties on the surrounding roads. 

3. Vibrations transmitted by heavy vehicles crossing humps caused complaints 
from residents in some houses close to a hump. 

It was not possible to determine by how much each of the two main process 
changes, ie speed and flow, affected the reductions in casualties. However, as 
the introduction of humps resulted in a much larger proportional reduction in 
casualties (64 per cent) than in vehicle flow (about 31 per cent overall), it 
is likely that some of the improved safety can be attributed to the reduction 
in speed. 

With the exception of the effect on emergency services, the above 
disadvantageous effects of installing humps may be alleviated to a large 
extent by giving careful prior consideration to available alternative routes 
and to the siting of each hump. It is possible that in many circumstances 
humps may be more desirable than other accident counter-measures such as road 
closures or width restrictions which can lead to even longer delays to 
emergency vehicles. 

This paper has outlined many of the problems encountered and 
precautions taken in the evaluation of speed control humps and discussed 
conclusions made from the rather short evaluation period and limited number 
of sites. The number of sites is such that a statistically significant 
change in casualties over all roads possibly affected (ie includes both the 
ones with humps and surrounding ones) was not to be expected. It was not 
found. The study has indicated the need to consider the effects of the 
measure over a wide area due to the secondary effect of humps in diverting 
some regular traffic to other roads. It has also demonstrated the importance 
of monitoring as many variables as possible.to enable all the advantages and 
disadvantages of the measure to be assessed. 
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"Short term" and area-wide evalualion of safety measures imple

mented in a residential area named 0sterbro. 

A case study 

Ulla Engel 

The Danish Council of Road Safety Research 

Abstract 

The Danish Council of Road Safety Research proposed in 1971 to 

the road authorities of the City of Copenhagen to carry out a 

joint research project. The aim of the project was an area-wide 

traffic replanning of a part of 0sterbro, a residential area with 

17,000 inhabitants. The aim of the scheme was to reduce the num

ber of accidents by simple physical countermeasures. 

The project consisted of three stages: 

1. Collecting data and proposing a scheme 

2. Implementing the scheme 

3. Evaluating the traffic safety effect of the scheme 

The evaluation of safety measures is primarely based on an ana

lysis of the traffic accidents in the area, which have taken 

place before and after the implementation of the scheme. But al

so studies of the behaviour of the road users have been carried 

out in order to registrate whether or not the intentions of the 

countermeasures were obtained. 

In the before-period (1969-1971) 475 police reported accidents 

took place, and in the after-period (1977-1980) 370 accidents 

took place. However we are still dealing with small numbers of 

accidents, since the traffic scheme consists of 25 different 

countermeasures and each of them are directed towards specific 

(and more or less different) accident types. 

The study will try to provide answers to the following questions: 

1. Which conclusions can be drawn from the results concerning 
the reduced number of accidents and number of persons in
jured, when defining "short term" as a period of 7-10 years 
and "area-wick" dS a sum of 25 physical countermeasures im
plemented in a residential area of about half a square kilo
metre? 

2. How do we distin'Juish between the accident reducing effect 
of the imp1l'm(,!lt('d safety measures, the reduced number of 
road users in the area and general safety measures implemen
ted in the wl1Ple country in the same period? 

3. To what extent 1l,IVC the behavioural studies supported or in
validated tlw 1"",.;\11 ts of the accident analysis? 
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Background 

Between 65% and 70% or about 10,500 of all police reported traf

fic accidents in Denmark take place in built up areas. Looking 

only at accidents involving the light road users the percentage 

is between 80 and 90, or about 7,000 accidents. 

On that background the Danish Council of Road Safety Research, in 

1971, proposed to the authorities of the City of Copenhagen to 

carry out a joint research project of an area-wide traffic replan

ning in a part of a residential area, named 0sterbro. The City 

should sponsor the implementation of the traffic scheme (10 mio. 

d. kr.), the Police should provide the accident dat~ and the 

Council, primarely supported by the Technical University of Den

mark, had the scientific responsibility of the design of the pro

ject and the measurement of effect. About 3 mio. d. kr. has been 

spend on research in this project up till now. 

Purpose 

The aim of the scheme was to illustrate whether it was possible 

significantly to reduce the number of traffic accidents in a re

sidential area by means of simple physical countermeasures with

out affecting town- and trafficplanning in the area. 

Design 

The project consisted of three stages: 

1. Collecting data and proposing a scheme 

2. Implementing the scheme 

3. Evaluating the traffic safety effect of the scheme. 

The evaluation should primarely be based on a before and after 

study of accidents. The before period was 1.1.1969-31.12.1971. 

The scheme was based on a very detailed accident analysis, and 

consisted of a large number of diffprent countermpasures. Each was 

directed tmV'ard certain accident types involvinq specific road users. 

3 

The tutal scheme was ready in January 1973. The authorities of 

the City of Copenhagen, however, needed 2 years to approve the 

scheme. It was in February 1975. Then the implementation of the 

scheme took another two years and was completed by March 1977. The 

after period was 1.4.1977-31.3.1980. Caused by the long period be

tween the before and the after period, different behavioural stu

dies were carried out in that period in order to support the acci

dent analysis. 

Methods 

Such a study exposes a lot of methodological and cognitive prob

blems, which undoubtedly has been known and reflected on by others, 

but obviously not with very fruitful results. Anyhow, in this pro

ject it has been necessary to make a lot of decisions without any 

support in empirical research. Main topics are accident-frequency, 

control-areas and behavioural studies. 

!~-~££~~~~~:~~~q~~~£~ 

The effect of the traffic scheme has been measured as significant 

differences in the frequency of accidents between the before pe

riod and the after period. The frequency of accidents is defined 

as numbers of accidents (in a three years period) pr. traffic-km 

(in one day between 6 a.m. and 8 p.m.) for each combination of 

road users. 

The accident data consists of police-registrated accidents of 

which half has been reported and half has been registrated on 

more simple formulars with less detailed information. No persons 

have been injured in the last type of accidents. 

The traffic data is based on two larger traffic censuses in the 

area, one in 1971 and another in 1978. The traffic volumes of 

the different road user categories has been counted manually in 

different road sections and intersections from 6 a.m. to 8 p.m. 

The volumes have been multiplied with the length of each road 

section and intersection in order to get the number of km trdvcl

led by each road user category on sections as well as intersec

tions. 
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The tl~quency of accidents in road sections and in intersections 

is determined as for instance: 

where: A p-m 
T p 
T m 

A p-m 

,(Tp + Tm) 

Accidents between pedestrians (p) and mopeds (m) 

Km travelled by pedestrians 

Km travelled by mopeds 

For accidents between road users of the same category, the fre

quency is determined as for instance: 

where: Apc- pc 
Tpc 

ApC - pC 

; (Tpc + Tpc) 

A pc-pc 

T pc 

Accidents between passenger cars 

Km travelled by passenger cars 

Single accidents have not been divided by" because this 

group of accidents then seems to give too much weight to the 

expression of accident frequency for a total street or intersec

tion. 

One of the advantages of this expression for traffic is, that it 

is possible to sum up accident frequences for road sections and 

intersections. 

We are aware of that accident data is incomplete (not all acci

dents are reported by the police), and that the calculation of 

traffic volumes for each road section and intersection is uncer

tain (traffic has been counted .in many but not in all road sec

tions and intersections for economical reasons), and that two 

days traffic censuses hardly give a representative expression 

for the actual figures in the before and after periods (we do 

not know whether the variations of traffic over days, weeks and 

months are equal in the two periods), and that the chosen expres

sion for accident frequency in many ways is vulnerable (its vali-

5 

dily has not been proved). 

2. Control-urcas ----------------
A .reduction in the accident frequency in our area can not only be 

attributed to the traffic scheme. 5 years have passed between the 

before and after period, and a lot af changes in traffic have un

doubtedly caused some change in traffic accident nu~bers. In 1973 

the energy crisis came along together with a speed limit of 60 

km/h in urban areas. Seat belts were made compulsory in 1976. The 

change i accidents caused by these factors and possibly other fac

tors is here called the general accident trend. We have to con

sider the change in the number of accidents by the general acci

dent trend when estimating the change caused by the traffic scheme 

alone. 

The general accident trend could be expressed in many ways. Very 

often another area, road, intersection, year, part of the country 

etc. is used as a control area. One of the conditions, however, 

is that the experiment "area" and the control "area" are very si

milar. When reading accident reports one learns that accidents 

seem to be very sensitive to details in the physical surroundings, 

road user characteristics, weather conditions, traffic volumes 

etc. In built up areas it is doubtful whether it is possible to 

find areas which are similar with respect to the variables men

tioned above. We, therefore, have rejected the use of a traditio

nal control area. We have chosen another model: 

The traffic scheme consists of different countermeasures chosen 

to reduce the number of specific accident types, which have taken 

place in the before period. These accidents are called experiment 

accidents (i.e. accidents which were expected to be influenced by 

the scheme). It seems, however, not possible to influence all ac

cidents by physical countermeasures. Therefore a group of acci

dents was separated from those which were intented to be influ

enced by our scheme. The same accident types were found in the 

after period, and the development in this group of control acci

dents is chosen as an exponent for the general accident trend in 

this project. 
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In that way thu expcrimpnt accidents and the contru] accidents 

have the possibility of being influenced by the same physical 

surroundings, weather conditions, traffic volumes and road user 

characteristic. The development in the control accidents then 

represents the accident situation in the area, which would have 

appeared in the after period in the case where the traffic scheme 

has not been implemented. 

Comparisons have been made of the two groups of accidents, and 

in many ways they are quite equal (e.g. road user categories, di

stribution over day, age). Regarding their distribution on road 

categories and severity of injury, however, they are definitely 

not equal. 

~~_~=~~~~~~~~f_~~~~~=~ 

As mentioned before, the number of accidents in the project area 

is relatively small when operating at a very detailed level. Fur

thermore there is quite a long distance of time between the be

fore and after period. These circumstances have lead to the imple

mentation of different studies of the road users behaviour before 

and after the implementation of certain countermeasures. Emphasis 

has been given to studies concerning the speed of motorvehicles, 

the lateral position of different road users in the carriageway and 

pedestrians use of different crossing facilities. 

We can tell from these studies whether the road user changes his 

behaviour according to the intention laid down in the counter

measure. So the purpose of the studies was to enlarge the back

ground for expectations regarding the effect of each counter

measure. We do not know, however, whether the behaviour of the 

observed normal road users is similar to the behaviour of road 

users involved in accidents, so we can not use these studies as 

scientific evidence. 

Data 

The project area is covering an area of 43 hectar. In 1971 there 

was 17,250 inhabitants living in 8,400 appartment. About 4,000 
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persons were working in the area. Figur 1 shows the project area 

and the distribution of accidents in the before period. 

:,-.-, i eel;;;, ;1\-1iiO"~->-'E~~-.. ~~\\i 
~,' r~=~\(=.~: ~_. . .. ~ <J' '}' i 

~J. '.: lP.ft~Ur.~, :L(w.,,",,:::::.oo~d(l' /~\, 
m-~" r r~ "·r7-······~ . ,.y , .: '.UiI' l l.' :rn'·., ...... eO" • 

-"1 r·: 1; -, ~., .. , '1 :~\;rc"."!"\ \ ~. '~~\. " ""'" )J;:: .: '"-tf'Io.S'<"l J.b I ~'I ,J..~> ;* , ···;1::.-JJ;'?-2l~· .'c.t~.,;~::, _. ~~. ;J~. ~'0\ I' 

~., r:~ --:--h.--Ju;[ /," lFl.:n··:~.:":IY.\n\\\~ .. 
t:' .-. \ ",~,Q~ •• ,," ~j~1 j.", \ T' .'! ............ Hb ~---).~" ,,~,,-;:;: -:. -"\ ~rO{V(:lCnj~e I 

;;~;\ .l;: .,;:::/lj~~·7:'\:~;' .~~. ~ ;;>\ _ "e. ~ .. !.. ::::: _::---, 
"':""'~ tit • , ...... , •• "..... \. \ 

: ' •• : ~ ~1 -::::.::-=:: •. -~I \. - .';1 

I 
·; .. ··r.;· .. -"·:j{ .. ~"··\lI/ {"..~ ""-;7,.~.~.~, 
::}::-- _~.~"\1 .j _ ...... :::~ \ I ". ._,.<0,,· \' .......... ' ••• - \1 J \ I .{----. -- "... :\: r . -' t~ ~H.i --.. !.. I 

l < ~:. ~. •• J~. ,1 ~ No K e:. k,!! ~"\'-:HJ.i -'\',r~·r.)-~ \ .r;t·f~':~. I (',.,.(i!:: .. ··!~f~·~·~·- \~._"h~'!'"~' \~~. t, '. I. \ ;IC.1 

i J'J.:.: \ \'\ \~. L~iI~f~~;.i;,~ fi .~~td\"\'~~ ;;:rrr: 
'~' .• J t., \ ••.. _y,'.)\ I •• ,. ...... , .. , t:3 :::: I.s~,~ ~ .1 S)'~~-l~ ~\ \f, --'::\,.i -- _ ::::: .-j 

, ';:::::,',r" \' ti \\. l ... ::;':::!.. .::::: j 
; { ••• ' -4!:..~' ,., tA'\\Sk ... ~., e,:lp '- \~\l-:_ 

••• ~': ~ '\ " )J .h. K r ~ ~;f'. ~"".' iOi"·.'"'·:'f~'\··-' :''."'-;',<h "~~~\ ",,"',0: " e' ~i~"'h","~" ,,~c::> ,,0,\ ",,""> ,. _ ""!.,"'-;_. "Ill! .~ /\ ~.:.--') !""' ~ 

r.p ,~i ..... "... \.[ :::!~;~ ,": ~.~~n~nS~!i\'n~l! I.- /...... __ ._. • • -",v, • ~.:{ 
'r:J1 I:· ("I,;·~·._:;~J!ta,., ,. ..' f.. "\ ... 1!-'OI~- C\ 
Y'" .: , •. ,~ ... ," ~:f·-.I tf/ I ; ~.. 0/)' " 'fu«'f'" . ~ 4/ ;.: Sk ... ~~ .-~} ~.,:\ --y I 
• ! • .,... ~\/ - \;. /:,/ ~ 

~/-l1j:lxo~'/"~~ /,\ ~~~V1 I ~:y .~V)<J: tr \}\.-c-·::/\ \ Knisy-• .....-:;:,1 
v/,e \-< __ <~.- 'S\~~ji ;...... _\ d.,:~~y··~S"·x.)< 

LS~'\",,:~~it" ". _~~~92~:\\'(Yk;~ 
Figur 1. Projekt area with all accidents 

which have taken place in the 
period 1969-71. 

Table 1-5 show the volumes of accident- and trafficdata in the 

project in the before and after period. 

Table 1 The total number of accidents (both experiment and con
trol accidents) in the project area in the before and 
after period distributed on road user categories. 

period/ before after 
road user categories number % number % 

pedestrians 86 18 53 14 

bicyclists 56 12 52 14 

moped riders 46 10 20 6 

other road users 287 60 245 66 

total 475 100 370 100 
."~- ----
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TaLle 2 The total number of accidenls in the projecl arc" on till' 
before and after period distributed on experimcr, t" 1 alld 
control accidents. 

period! before after 
accident groups number % number % 

experimental 204 43 112 30 

control 271 57 258 70 

total 475 100 370 100 

Table 3 The total number of injured road users (in experiment as 
well as in control accidents) in the project area in the 
before and after period distributed on degree of severity 

period! before after 
severity number % number % 

killed 7 3 5 4 

seriously injured 1 11 48 33 26 

light injured 110 49 89 70 

total 228 100 127 100 

Table 4 The total number of injured road users in the project 
area in the before and after period distributed on 
experimental and control accidents. 

period! before after 
accident group number % number % 

experimental 126 55 47 37 

control 102 45 80 63 

total 228 100 127 100 

Results in terms of methodologi 

We do not know the validity of the expression of the general 

accident trend. As a consequence we have estimated the accident 

reducing effect of the traffic scheme with, as well as without, 

regard to the trend. 

Furthermore the effect of the scheme can be estimated in diffe

rent ways. One can for instance use the total number of experi

ment accidents as a basis for calculation, or one can sum up the 

'J 

Table 5 The total number of km travelled in the project area (in 
one day between 6 a.m. and 8 p.m.) in the before and af
ter period distributed on road user categories. 

period! km 
road user category before 

pedestrians 28,867 

bicyclists 9,611 

moped riders 3,131 

other road users 56,707 

total 98,316 

km 
after 

27,293 

11,661 

1,343 

45,664 

85,961 

change 
% 

- 5 

+21 

-57 

-19 

-13 

estimates for every countermeasure, which has caused a signifi

cant change in the frequency of experiment accidents. 

1. ~~~~~_~~~~l~~~~~~_~~~_£~_~~~~~_f~~~_~~~_~~~~l~~? 

We shall first look at the consequences regarding the signifi

cance of the results concerning the reduction in the number of 

accidents, when defining "short term" as a period of 7-10 years 

and "area wide" as 25 different countermeasures implemented in a 

dense urban area, and with the present number of experiment acci

dents, 204 before and 112 after. 

Looking at the effect of the total scheme (calculated as a sum 

of the estimates for every countermeasure, which has caused sig

nificant change in frequency of experiment accident (p<10%» one 

gets the following results, table 6. 

The scheme seems to have caused a reduction in experiment acci

dents of approx. 59. This gives a reduction of approx. 36% of 

the expected experiment accidents. Furthermore one can se from 

the confidence-limits that the reduction in numbers of experi

ment accidents can vary with !18 accidents or !11%. When rela

ting the reduced number of experiment accidents to the total num

ber of expected accidents, one gets a reduction of approx. 15%. 

Looking al the effect of each individuJl countermeasure, it has 

been possible, out of a total of 25 countermeasures, to identify 

10 with d sicmificant influence (p<5%) on the frequency of <'xperi

ment a~~id.'nts or injured in experiment accidents. In two cases 

the infll1l,nt'C on the frequency of experiment accidents was only 

signific.mt on a level between 5% and 10%. Consequently approx. 
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Table 6 The number of experiment accidents reduced by the traf
fic scheme estimated without regard to general accident 
trend. 

2 3 4 5 6 7 

experi- experi- expected reduction reduction expected reduction 
rent ment experi- in expe- related total related 
accident accident ment riment to expec- number to expec-
before after acci- accidents ted ex- of acci- ted total 

dents caused by periment dents number of 
after scheme * accidents accidents 

data % % 

77.70 47.02 
accidents 204 112 165.25 59.4n 35.98 409 14.54 

41.22 24.94 

* The reduction is calculated as a sum of the estimates for these 
of the countermeasures, which have caused significant change in 
the frequency of experiment accidents (p<10%). 

1/3 of the countermeasures seems to have an effect on accidents 

or n~ber of injured, when choosing a level of significance of 

10%. This means that the rest of the countermeasures are without 

any effect or that the numbers of accidents or injured have been 

to limited for an estimation of effect on this level. 

The level of significance of 10% is chosen for the benefit of 

the very small figures, which on the other hand give information 

on a very high level of detail. 

An example of the effect of one countermeasure is the effect on 

the freqyency of experiment accidents of a ban on left turn, 

table 7. 

The ban on left turnseems to have caused a reduction of approx. 5 

experim~nt accidents. Looking at the confidence-limits, however, 

the reduction can vary with approx. :3 accidents. 

lith the chosen test-level this result is significant. But it is 

obvious that it would be difficult to get similar results with 

smaller numbers of accidents. 

The total change in C'xperimc1.t accidents illustrates the effect 

of the traffic scheme as a whole in the actual area. This kind 

of evaluation gives infbrmation of a change but do not identify 

11 

Table 7 The number of experiment accidents reduced by a left 
turn ban without regard to the general accident trend. 

2 3 4 5 6 7 
experi- experi- traffic reduction expected reduced* reduction 
ment ac- ment ac- (after) in expe- experi- experi- related 
cidents cidents traffic riment rent ment to expec-
before after (before) accident accident accident ted ex-

km caused by after caused periment 
accidents! change in by ban accident 
countermeasure traffic % 

ban on 198.10 2.39 8.41 

left turn 
6 0 254.30 1.33 4.67 4.67 100.00 

0.27 0.93 

* p<10% 

the locations where the changes have taken place nor the counter

measures which have caused the changes. 

Changes caused by the individual countermeasure distinguishes these 

countermeasures, in the total scheme, which have influenced the 

experiment accidents significantly. The effect of the counter

measures seems to be very dependent among other things on changes 

in the physical surroundings. It is much easier to find indivi

dual road sections and intersections similar to each of the sec

tions and intersections in the project area, than to find another 

area similar to the project area as a whole. That is why, it is 

much more meaningful to try to transfer results regarding the 

effect of an individual countermeasure to other locations than 

to try to transfer the results of a total scheme to another 

area. 

If one only want to evaluate the effect of a total traffic scheme, 

the need for large amounts of accidents (i.e. long before- and 

after periodes) is lower, than what is needed in order to evalu

ate the effect of individual countermeasures. 

The examples show the confidence-limits attached to the numbers from 

this project, and illustraLe thereby the accident figures needed 

for the production of valid results concerning effect. Taking 

these considerations into account, the duration of thi~ projekt 

does not seem to have been extravagant. 
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2. ~~~_q~_~~_q~~~~~~~~~~_~~~~~~~_£~~_~~~~~~_~f_~~~_!~e!~~~~£~~ 

=~~~~~-~~~~~~~~~-~~~~~~~-~~-~:~~~£~-~~~~~~~-~~~-~~~~-~=~~~~~ 

~~~~~~-~~~~~~~~~ 

The method of control is already described in the section of the 

paper concerning methodology. The general accident trend is ex

pressed by a group of control accidents defined as accidents, 

which were expected not to be influenced by the traffic scheme. 

Whether these accidents nevertheless have been influenced by the 

scheme in an indirect way, we do not know. 

Also variations in traffic have been taken into consideration 

in the way described in the same section of the paper as mentioned 

above. The traffic of the different road user categories involved 

in accidents was in general expressed by ; of the sum of km tra

velled by each of the categories of road users involved in the 

actual accidents. 

The effect of the traffic scheme as well as the individual coun

termeasure is then the difference between the expected number of 

experiment accidents in the after period, and the actual number 

of experiment accidents, when having taken into consideration 

the changes in traffic as well as the general accident trend. 

An example will show the differences in results, when estimates 

are made with and wihtoutregard to the general accident trend. 

Table 8 The number of injured in experiment accidents reduced by 
a central refuge without regard to the general dccident 
t 1, n d. 

----_.------------------------------------------------------
experi
ment 
injured 
before 

injured/ 
countermeasure 

central 
refuge 

* p<5% 

13 

2 3 
experi- traffic 
ment after 
injured traffic 
after before 

2 

km 

14,309.56 
17,621.22 

4 
reduction 
in expe
riment 
injured 
caused by 
changes in 
traffic 

3.77 
2.44 

1.12 

5 
expected 
experi
ment 
injured 
after 

10.56 

6 7 
reduced* reduction 
experi- related 
ment to expec
injured ted ehpe
caused I::Jy riment 
central injured 
refuge % 

14.93 
8.56 81. 06 

2.18 

13 

The effect of an individual countermeasure, a central refuge 

which should facilitate the crossing manoeuver for pedestrians, 

has been chosen, tables 8 and 9. 

Table 9 The number of injured in experiment accidents reduced by a 
central refuge with regard to the general accident trend. 

2 3 4 
experi- experi- traffic reduction 
ment ment after in expe-
injured injured traffic riment 
before after before injured 

injured/ 
countermeasure 

km 
caused by 
changes in 
traffic 

central 
refuge 

* p>10% 

13 2 
14,309.56 
17,621.22 

4.13 
2.51 

1.10 

5 
reduction 
in expe
riment 
injured 
caused by 
general 
trend 

8.35 
4.58 

0.81 

6 7 8 
expected reduced*reduc-
experi
ment 
injured 
after 

experi- tion 
ment related 
injured to expe
caused riment 
by centr . injured 
refuge % 

8.87 
5.81 3.81 65.58 

-1.26 

Table 8 column 6 and table 9 column 7 show the reduction in the 

number of injured persons in experiment aCfidents caused by the 

central refuge without and with regard ~o the general accident 

trend. 

Paying no attention to the general accident trend, the central 

refuge has caused a reduction of approx. 9 injured persons in ex

periment accidents or approx. 81%. The conficence-limits shows 

that the reduction in numbers of injured person can vary with ~6. 

These statements are significant on a level below 5%. 

Taking the Y<'Tl<'r.J1 accidc1lt trend into conSideration, however, 

the centrill r(,fuge has not caused any significant change in the 

expected numbc'r of injured persons. In this study the general uc

cident trend may remove as well as reinforce the computed effects 

of various measures. 

The thosen ex~ression for the general accident trend seems in 

many ways to be reliable. On the other hand some of the findings 

seem quite extreme, and they shall briefly be mentioned here. 
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Table 9 The general accident trend (GEN) distribut~d on street 
categories respectively frequency of accidents and injured. 

frequency/ 
street category 

, surrounding 
streets no. 

local 
streets no. 

1 
2 
3 

4 
S 
6 

accident 
frequency 
general trend 
(AGEN) 

I AGEN = 1 I 

~ 

injury 
frequency 
general trend 
(IGEN) 

lIGEN < 11 
lIGEN = 11 

lIGEN = 11 

It seems reliable that the general accident trend and injury 

trend are one in the surrounding streets of the area except from 

street no. 1. In this street there is a reduction in the frequen

cy of injured person in control accidents of approx. 44%. This 

street is a shopping street and at the same time one of the ra

dial connections between the northern suburbs and the CBD. The 

other two surrounding streets do not have this double function. 

It is more difficult to explain an increase in the frequency of 

control accidents in the local streets of approx. 70%. Some inter

sections have been closed in the inner area, and one can suspect 

that the increase in traffic caused by the operations could in 

itself have caused the increase in these accidents. In that case 

it is t'ither that our expression for traffic is not valid, or 

that the generated traffic has a higher risk than the "normal" 

traffic in the inner area. It has not been possible so far to 

clarify these conditions. 

Theoretically, however, this expression for the general acc~dent 

trend is as valid as more wellknown models and does not seem re

jectablc. 

3. To what extent have the behavioural studies influenced the 
------------------------------------------------------~---

~=~~~!~-~£_!~=-~~~~~=~!-~~~~~===~ 

As mentioned in the section of the paper concerning methodologi, 

IS 

we do not know whether the behaviour of "normal" road users is 

similar to the behaviour of road users involved in accidents, and 

this is why we can not use the behavioural studies as scientific 

evidence. They can not in any way replace the accident analysis. 

We can see however, from the behavioural studies, whether the 

"normal" road users behave according to the intentions laid down 

in the countermeasures. Assuming then, that the "normal" behaviour 

is very much alike the "accident" behaviour, it is possible to tell 

from the behaviour studies why a certain countermeasure has caused 

an increase or a decrease in the numbers of accidents. It i,s im

portant to underline however, that this assumption is of a purely 

speculative nature. 

An example shall show how the accident analysis in that way can be 

supported by a behavioural study. 

The central refuge, already mentioned at page 12, should provide 

a safe area for pedestrians to make a halt on, when crossing one 

of the busy streets in the project area. The carriageway had a 

width of 22 m. We had the opportunity to observe the behaviour of 

pedestrians in relation to two lay-outs of the refuge. First the 

refuge was painted and later on the refuge was built as a raised 

area. At the same location it was possible to cross the road by 

a subway. The number of pedestrians walking along the footpath on 

both sides of the street was counted, as well as the number cros

sing the street. The pedestrians crossing the street were separated 

into two groups: the "subway-pedestrians" and the "carriageway

pedestrians". Furthermore we observed the behaviour of the "carria

geway-pedestrians" when crossing; i.e. there use of the central 

refuge were categorized: 1. just crossing, 2. coming to a halt on 

the refuge and 3. walking along the refuge. 

First of all the numbers of "carriageway-pedestrians", related to 

the total number of pedestrians crossing the street, has increased 

after the implementation of the raised refuge, from 6S% to 80%, 

(p<S%). Secondly the raised refuge was used in another way than 

the painted refuge. The number of pedestrians coming to a halt 
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on the refuge or walking along it, were significantly higher on 

the raised refuge compared to the painted refuge, (p<S%) 

The accident analyses show a reduction in the frequency of experi

ment accidents where the refuge has been raised, and no change in 

the frequency of experiment accidents where the refuge has just 

been painted. (These results are based on figures without regard 

to the general accident trend.) 

From these different analyses one can assume that the pedestrians 

had more confidence in the raised refuge at the same time as it 

actually was more safe. 

In this project the behavioral studies are not used as a surrou

gate for accident data. All road users, which the actual coun

termeasure was aiming at, were observed. So the studies are used 

as a tool for the deduction of the road users degree of under

standing and accept of the individual countermeasure, and by do

ing this the studies supplement the evaluation of the counter

measure based on the accident analyses. 

Conclusions 

If the aim is to improve safety, i.e. reduce the number of acci

dents or injured persons pr. road user km, one can not avoid 

looking at accidents somehow, when evaluating the countermeasures 

implemented in order to fullfil the aim. 

This study shows that the same countermeasure can have dif-

ferent effects on the accidents at different locations. This does 

not mean that the effect of a countermeasure can not be generalized. 

It is however nessecary to be careful when selecting locations for 

further implementation of a certain countermeasure. This also in

dicates, that one has to evaluate the effect of every single coun

termeasure at every single location. 

In practice this is not always possible. In this study there has 

been made a total evaluation of the same countermeasure implemen-

17 

ted at different locations, if they were comparable, i.e. the 

number of accidents pr. road user km at different locations were 

equal in the before period. 

Anyhow when operating with different countermeasures in a scheme 

it is nessecary to be able to identify which (countermeasures) 

and where (locations) there has been an effect on accidents. If 

not it will be impossible to transfer the results to other areas. 

In areas where accidents only seldom occur, conflicts will be near

ly as seldom and hence do not offer a better background for evalu

ation. Furthermore a reliable connection between accidents and 

conflicts seems not yet to have been found. (cfr. Thonlsen, 1982) 

Behavioural studies can express changes in the behaviour of "nor

mal" road users and hence indicate why (or why not) there has been 

a change in accidents. A connection between the behaviour of nor

mal road users and the behaviour of road users involved in acci

dents has not been found either. These studies therefore are not 

valid as scientific evidence. 

We are then bound to use accidents as pr~ expression for improve

ment of safety, and as we must operate at a rather detailed level in 

order to discover which and where countermeasures have been most or 

least effectful, we will be dealing with smal numbers of accidents. 

The study has shown that in a densely populated urban area of 

about half a square km, it has not been extravagant to use three 

years for both before and after periods if significant results are 

demanded. 

Documentation 

This project has not yet been officially reported. For the moment 

however all studips "re documented in working papers. The research 

reports will be available by the end of 1982. 
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MEASUREMENTS OF DEGREE OF SEPARATION BETWEEN VEHICLES 
AND PEDESTRIANS IN URBAN AREAS. 

by 

Goran NiIsson and Hans Thulin 

National Swedish Road and Traffic Research Institute 
S-581 01 LINKOPING 
Sweden 

ABSTRACT 

Most measures in order to increase traffic safety for unprotected road 

users are measures which separate vehicles from pedestrians or bicyclists 

in time or space. 

This paper presents some results from emperical studies at pedestrians 

crossings concerning the proportion of pedestrians who can cross the 

street without disturbing or being disturbed by vehicles. This proportion 

of pedestrians is defined as the degree of separation between vehicles and 

pedestrians. Video technics were used for the measurements. 

Both theoretical calculations and emperical measurements of the degree 

of separation have been made for the central part of Linkoping at 16 

randomly chosen pedestrian crossings. 

The observation period at each crossing was 90 minutes distributed on 

three 30-minutes periods during daytime for three veekdays. From this it 

has been possible to estimate the traffic composition during different 

hours of the day for the central part of the city. 

By comparing the total degree of separation of pedestrians during 

different periods of the day and accidents for the corresponding periods, 

relationships between risk (number of collisions between vehicles and 

pedestrians per pedestrian and pedestrian crossing) and pedestrian flow 

for different degrees of separation have been calculated. 

BACKGROUND 

On behalf of the National Road Board the National Road and Traffic 

Research Institute (VTI) is developing different risk estimates concerning 

unprotected road users in urban areas. 

As most of the measures to increase traffic safety for unprotected road 

users are based on separation/segregation between motor vehicles and 

pedestrians or bycyclists/mopedists, the research has been directed to 

develop methods to make quantitative measurements of the magnitude of 

separation in different locations in urban areas. 

The results presented in this paper are preliminary but give some 

examples concerning the separation between pedestrians and motor vehic

les and risk calculations for pedestrian crossing in the central part of a 

city. 

METHOD 

The central part of Linkoping was defined and 16 pedestrian crossings 

were chosen at random. 

This procedure makes it possible to estimate the traffic composition on 

pedestrian crossings in the centre of the city. Video technics were used 

for the measurements. The measurements were made during three 

weekdays at three different times on every pedestrian crossing. The 

observation period at each crossing was 90 minutes distributed on three 

randomly chosen 30-minutes periods during daytime. 

Each pedestrian crossing has been evaluated concerning 

• pedestrian flow (pedestrian/h) in different directions on the pedes·· 
trian crossing 

• motor vehicle flow for different types of vehicles 

• bicycle flow 
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In the next phase every pedestrian has been observed during the passage 

of the pedestrian crossing. This has been divided into two parts 

(separation areas). One deals with the first half of the passage and the 

other with the second half. For both the first and the second part it was 

noted if a motor vehicle was going to drive across the pedestrian crossing 

or not. The separation areas are marked by unbroken lines (fig. 1). Broken 

lines mark the boundary for passing motor vehicles. The pedestrian is 

considered as non-separated and non-disturbed by motor vehicles, if, at 

the same time both a pedestrian and a motor vehicle are in the separation 

area or the motor vehicle is within the broken line preceding the 

separation area. 
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The number of pedestrian observations without any disturbing motor 

vehicle(s) in relation to the total number of pedestrian observations is 

defined as the degree of separation for pedestrians. 
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Traffic safety and traffic composition 

The observations of the hourly flow of passenger cars, lorries, buses, 

motorcycles, mopeds, cyclists and pedestrians resulted in estimates of the 

traffic composition between 0630 and 1830. These estimates are presen

ted in figure 2. In figure 3 the estimated hourly flow is presented for 

passenger cars, buses, bicyclists and pedestrians. 

In figure 2 it can be seen that the proportion of bicycles and buses is 

relatively high during the morning hours. 

The proportion of pedestrians increases during morning and early mid-day 

and reaches maxima about 12 and 15-16. 
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Traffic composition in the central part of Linkoping, 
Sweden. 
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As we now have an estimate of the proportions of different road user 

groups, it can be of some interest to investigate the corresponding 

appearance in police reported accidents concerning collisions with perso

nal injuries. We also present this figures for all urban areas in Sweden 

(table I). 

Buses, pedestrians and cyclists are over-represented in the central part of 

Linkoping - a business, serVice and administration centre for about 

100.000 persons - compared with all urban areas in Sweden. 

Table 1. The proportions of different vehicle or road user groups in 
Linkoping and the corresponding appearance in police re
ported accidents in Linkoping and all urban areas in 
Sweden. 

Proportion of Proportion of collisions with personal injury 
the traffic in (policereported) 
the central part Central part All urDan areas 
of Linkoping of Linkoping in Sweden 

Passenger 56.3 44.1 52.6 
cars 

Lorries 4.9 2.9 6.3 

Buses 4.9 10.7 2.9 

Motorcyclists 1.8 4.1 
1.9 

Moped riders 7.7 8.1 

Cyclists 17.2 16.2 12.7 

Pedestrians 18.1 16.5 13.2 

100% 100% 100% 
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Pedestrian safety. Relationship between degree of separation and traffic 

flow. 

The measurements of the degree of separation for pedestrians show that 

the degree of separation is independent of the pedestrian flow but is by 

definition negatively correlated with the motor vehicle flow. 

The choice of measurement method has a theoretical background based on 

the fact that pedestrians and motor vehicles are arriving at the pedestrian 

crossing with a constant probability in time. Time appearance for cars on 

the pedestrian crossing is A seconds, and B seconds for the pedestrians 

passing the pedestrian crossing. The theoretical degree of separation the 

becomes: 

S _ 1 _ Motorvehicle flow/h' (A+B) 
T - 3600 

This means that the theortical degree of separation is decided by the 

product of motor vehicle flow and the sum of the average passing times 

across the pedestrian crossing for motor vehicles and pedestrians. 

If it is a signalized intersection only the left and right turning traffic is 

treated and only the period of green light for pedestrians. The theoretical 

degree of separation can then be calculated as: 

S 
_ 1 _ Left and right turning motorvehicle flow/h' (A+B) 

T - . X 

X= number of seconds per hour when both pedestrians and motor 
vehicles have green phase. 

Both the theoretical (ST) and empirical (SE) degree of separation are 

calculated for 13 pedestrian crossings (table 2). 

The figures mean that if the degree of separation is. 0.90, 90% of all 

pedestrians can pass the street without disturbing or being disturbed by 

motor vehicles. Passage time for motor vehicles has not been accounted 

for in the calculation of the theoretical degree of separation for the 

crossings. The passage time for the pedestrians was assumed to be 4 or 5 

seconds, depending upon the street width. 

Table 2. 

7 

Emperical (SE) and theoretical (ST) degree of separations 
from motor vehicles for pedestrians on pedestrian cros
sings. - Signalized and non-signalized crossings. 

Pedestrian SE ST 
crossing (nr) 

I 0.62 0.63 

2 0.61 0.80 

3 0.62 0.61 

4 0.54 0.95 

Signalized 5 0.54 0.58 

crossings 6 0.69 0.63 

7 0.49 0.55 

8 0.37 0.58 

9 0.76 0.73 

10 0.77 0.91 

N on-signalized 11 0.90 0.90 

crossings 12 0.90 0.89 

13 0.92 0.95 
'-

The empirical observations can also give different measurements of the 

degree of separation for pedestrians crossing the street depending on 

direction and lane. 

Relationship between collision, risk and flow 

A model close at hand for predicting the number of collisions between 

pedestrians and motor vehicles is a muliplicative model with pedestrian 

and motor vehicle flow as predictors. One such regression model was 

tested on police reported collisions between pedestrians and motor 

vehicles, which had occured during daytime in central Linkoping during 

the last five years. For this, the daytime period was divided into six two 

hour periods. Th.e result indicates an increase in the number of collisions 

both with increasing pedestrian flow and increasing motor vehicle flow 

(figure 4). 
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(MP= a· p'. Md 
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.Calculated relationships between collisions and pedestrian 
flow for different motor vehicle flow. 

A possible risk measurement for pedestrians crossing street is 

Number of collisions between pedestrians and motor vehicles CMP 
r = =p-
p Number of pedestrians crossing the street 

When the predicted number of collisions according to the regression model 

is used in the expression for risk, the following relation is obtained for 

different pedestrian flows (figure 5). The risk increases with increasing 

motor vehicle flow and it increases with decreasing pedestrian flow at a 

certain constant m~tor vehicle flow. 

Figur 5. 
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RISK OF COLLISION BETWEEN 
MOTOR VEHICLES (M) AND 
PEDESTRIANS (P) 
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Calculated relationships between collision risk and pedes
trian flow for different vehicle flow. 

Relationship between collision, risk and degree or separation 

As we have seen above a great part of the pedestrians are separated from 

the motor vehicle traffic and therefore of no value for explaining the 

probability of collison. This also means that it is better to use the number 

of non-separated pedestrians than the total pedestrian flow, as a predictor 

for the number of collisions. 

If the number of non-separated pedestrians is used as a predictor in the 

regression model, the degree of explanation becomes somewhat higher 

(0.81) i.e. somewhat stronger relationship (correlation 0.9), than if the 

total number of pedestrians is used. The character of the relation does 

not change. In these results the degree of separation has been calculated 

from three randol11ly chosen 5 minute periods of every observation period. 

Another risk measurement can be defined, in which the denominator 

consists of those pedestrians who are not separated from the motor 

vehicle traffic. 
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I CMP 
r ---p - PO-5) 

The number of collisions can be estimated according to the definition of 

risk with the following espression: 

C
MP 

= rp. p. 0-5) 

The number of collisions then becomes a function of risk, pedestrian flow 

and degree of separation. 

The material used here indicates that risk (r~) and pedestrian flow are 

independent. This means that for a certain degree of separation, the risk 

is constant for varying pedestrian flow. The number of collisions will at a 

certain degree of separation increase or decrease proportionally with the 

pedestrian flow. 

It has been possible to study the relation between number of collisions and 

pedestrian flow for two degrees of separation - 0.60 and 0.75 (figure 6). 

The result shows that a change in degree of separation from 0.60 to 0.75 

will lower the risk for collisions between pedestrian and motor vehicles 

1096 and decrease the number of collisions by 4096 

(MP 

Figure 6. 

5=0,60 

5=0,75 

100 200 300 P/h 

Calculated relationships between collisions and pedestrian 
flow for two different values of the degree och separa
tion. 
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Conclusions 

The aim of this paper is to point out some possibilities in order to 

evaluate the traffic safety situation in urban areas by quantitative 

estimation of the effectiveness of measures to increase the traffic safety 

situation for unprotected road users. 
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1. Objectives 

In the past years, 70 per cent of all injury accidents in the Federal Republic 
of Germany accurred in urban areas. 

A closer look at the relevant statistical data reveals intersections to be the 
critical points of urban traffic and cars making left turns to be particular 
exposed to the risk of accidents. 

The conventional administrative measures on the local authority level to improve 
urban road safety can be characterized as follows: 

Based on the pin-maps of accident types and locations, which are maintained at 
the police stations responsible, hazardous intersection sites and road locations 
are determined at the end of each calender year by means of established limit 
values, whereupon a preliminary analysis of these hazardous locations is car
ried out. The results are made known to specific accident comittees (represen
tatives of the police, traffic authorities and road construction agencies) who, 
in their turn, based on the information from the pin-maps and on-site observa
tions, develop proposals for remedial measures, fix priorities among alternative 
proposals and see to it that countermeasures are implemented. 

It is evident that this is a procedure directed at individual locations or spe
cific time periods rather than one giving due consideration to the area traffic 
context in which hazardous locations are embedded and the factors causing the 
accident, and which often originates from the unique circumstances of a single 
situation. That is why every attempt should be made, in particular within the 
frame of the removal of hazardous road locations, to find supplementary "objec
tive" and standardized aids for a short-term and area-wide evaluation of certain 
traffic engineering and management facilities. 

The objectives of the study describes below, resulting from these considerations. 
include the development of a method and the instrumentation needed to evaluate 
left turns at urban intersections. To begin with, a systematic catalogue of all 
variables possibly relevant for the accident scene on this isolated area of 
study was compiled. From this, measuring quantities not varying in space and 
time were derived for the constructional and traffic engineering characteristics 
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and for those of the intersection environment. The traffic flow characteristics 
largely varying in space and time required definition of corresponding measuring 
units. The assumption of a sufficiently close relationship between the charac
teristics studied and the accidents associated with left turns was the basis for 
drafting a basic evaluation scheme. 

To ensure the validity of the method, an adequate number of representative urban 
intersections had to be included in the study. The traffic control facilities, 
selected jointly with the highway construction agency of the Hanseatic City of 
Hamburg, had to meet the following requirements: 

an adequate number of intersection approaches with typical forms of left turn 
control (~per form) were to be included in the study; 
full accident data covering the preceding years were to be provided for all 

intersections; 
intersection accidents were to be as uniform as possible in number and compo

sition to be meaningful for the study; 
- traffic volumes of individual intersections were to be constant over the pre

ceding three y.ears but varying from intersection to intersection; 
- for all intersections, complete and, if possible, up-to-date location plans, 

plans of road markings and phasing diagrams were to be available. 

2. Data Collection and Evaluation 

Data were collected on 102 approach roads to the 28 intersections studied in the 
Hanseatic City of Hamburg and processed; for economic reasons, the survey of 
traffic conflicts and encounters was limited to 61 intersection approach roads. 
On the 102 of the 112 approach roads studied left turns were or are still per
mitted. The data analyzed for the period Jan.1, 1976 to Dec. 31, 1979 included 

1180 accidents involving cars making left turns. 

The design of the evaluation method was at first based on a detailed analysis of 
the accidents involving left turns and the traffic characteristics which were 
supposed to have measurably contributed to the accidents. 

Th~ data collected were categorized as follows: 

o Risk exposure indicators 

- time and location of accident 
- type of accident 

- 3 -

- dccident consequences 
- No. of traffic conflicts by type and severity 

- traffic encounters 
(source: accident records and on-site observations) 

o Traffic facility characteristics not varying in space or with time 
- intersection geometry 
- road markings 
- public transport facilities 
- protection facilities for pedestrians and cyclists 
- parking facilities 
- street lighting 
- traffic signs 
- types of traffic signals 
- lost times 
- visibility 
(source: plans, drawings and on-site observations) 

o Traffic flow and intersection environment characteristics varying in space 

and with time 
- traffic volumes 
- pedestrian streams 
(source: traffic counting records of the Highway Construction Agency, Hansea

tic City of Hamburg, or on-site observations) 

- weather 
- pavement condition. 

A classification of the data was made by associating the variables with the fol
lowing three study elements: accident, conflict and intersection approach road. 

The first data pool contains all the accidents and the second all the conflicts 
with the characteristics studied. The third data pool contains, for each inter
section approach studied, the accident and conflict characteristics from the 
first and second data pool combined with the intersection characteristics vary
ing or not varying with time and in space. 

3. Determination of the Safety of Intersection Approach Roads with Left Turns 

by Means of a Typology 

The 28 intersections studied have the following features in common: 
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- signal control 
- four-leg intersection 
- medium to high traffic volume 
( secondary roads, main roads) 

The forms of left turn control on the 102 intersection approach roads studied 
were classified by the types shown in Fig.l (See Annex). 
With respect to the constant and varying characteristics, at first correlation 
calculations and contingency tests were carried out to ascertain their relation
ship with the accident scene. 

The weekday accident rate on the intersection area (URWI)l) was used as indica
tor for the risk exposure at intersections. The results permitted the relevancy 
of the following characteristics for the accident scene to be derived: 

- sum of lanes on the approach road 
- visibility as a function of traffic flow 
- type of land use (buildung development) 
- exclusive left turn phase 
- visibility as a function of traffic facility 
- type of land use (commercial, residential, etc.) 
- road markings. 

The cumulative frequencies shown in Figure 2 to 5 (See Annex) are meant to visua
lize the relationships found. The distributions over the population represent 
approach roads with safety characteristics which are above average; distribution 
under the population represent approach roads with less than average unsafe 
characteristics. 

In accordance with the above, the approach roads with an exclusive left turn phase 
demonstrated the lowest accident rates (URWI) of the approach roads studied, and 
are grouped under Type 1. The flow of left turn maneuvers, due to the exclusive 
left turn phase, does not interfere with the flow of opposite intersection ap
proach and the flow of pedestrian and cycling traffic. Due to the close rela
tionship between the characteristic "exclusive left turn phase" and a relative-
ly high approach road safety level, the effects on accidents of other risk ex
posure factors, such as visibility, type of building or land use, are much re
duced. 

1) URWI accidents 

106 vehicles 
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The second best result with respect to the level of safety was found on inter
section approach roads provided with early cut-off phases. Left turns are made 
during the early cut-off phase and thus under conditions similar to those of 
the "exclusive left turn phase". 

The safety levels of approach roads without exclusive left turn phase or early 
cut-off, being below the ones just mentioned, were rated by means of: 

- the number and arrangement of lanes on the approach road 
- existence of left turn lanes 
- number and arrangement of lanes on the opposite approach road (on-coming traf-

fic). 
(See Fig. 1). 

By means of statistical analysis (T-test), significant differences in the means 
were found for individual approach roads, based on the weekday accident rate on 
the intersection area (URWI) and/or the number of weekday accidents on the inter
section area. 

4. Range of Application of Instrumentation 

Proceeding from the typology of intersection approach roads, based on the exter
nal characteristics shown in Fig. 1, there are the following possibilities of 
application of the knowledge derived from the study. 

4.1 Area-wide Measures 

In order to solve decision-taking problems concerning larger problem areas 
(e.g., area-wide removel of hazardous road locations, programs of remedial 
measures with respect to certain types of accidents), formalized methods to 
identify accident black spots and a successive selection of suitable measures 
are a particularly good means of dealing with such matter. The study of ap
proach roads in Hamburg revealed the following information with respect to 
working procedures and steps: 

1. Formulation of a decision-taking problem and pin-pointing the study area. 
2. Identification of accident black spots. based on the accidents involving 

cars making left turns on approach roads to signal controlled four-leg 
intersections. 
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The identification requires the following steps: 
determination of the type of approach road under study in accordance 
with the information in Fig. 1; 

- analysis of accidents (mean of two years) involving cars making left 
turns and determination of the traffic volume making left turns per 
approach road; 

- calculation of the accident rates associated; 
- comparison of the actual accident rate with the safety level thres-

old value resulting from the specific type of approach road (expressed 
in terms of URWI). 

An alternative possibility is also the incorporation of safety levels 
into existing identification models as expected mean accident risk 
values. 

3. Compilation of the intersection approach roads, defined as hazardous 
road locations, and selection of suitable remedial measures and/or com
binations of measures for accident black spot removal. The following in
formation might be a guide to the finding of countermeasures: 
(a) Comparision of the actual situation with the situation given by the 

the typology and, if possible, attempt at achieving a situation cor
responding to an approach road type associated with a higher safety 
level. 

(b) Selection of appropriate remedial measures and/or combinations of 
measures by changing the risk characteristics of approach roads shown 

in Fig. 2 to 5. 
(c) Selection of suitable remedial measures and/or combinations of mea

sures taking into consideration additional traffic, environmental, 
city structure and other aspects as well as investment and operating 

costs. 

4.2 Individual Location Measures 

In order to solve decision-taking problems with respect to the cause-effect 
relationship for local accident scenes and the selection of suitable measures 
to remove individual hazardous road locations, check-lists may be drawn up. 
If the problems of decision-taking are to be solved without reverting to for
malised procedures, a check-list could include the following working steps, 

derived from the knowledge acquired thus far: 
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1. Formulation of the decision-taking problem and pin-pointing the area 

under study. 

2. Data collection, as far as available, on the basis of 

- accident statistics 
- accident diagrams 
- location plans. 

3. Checking to find out whether accident causes can be cleared up and, 
if possible, deriving suitable remedial measures therefrom. 

4. If it should not be possible to state the facts of the case satis
factorily on the basis of data collected, further steps need to be 
taken: 

(a) On-site observations to find further information, in particular 
by means of the following characteristics: 
- sum of lanes on the approach road 
- visibility as a function of traffic flow 
- type of land use (building development) 
- parking adjacent to the roadway 
- road markings. 

(b) Hearing of experts, adjacent owners, and road users. 

(c) Use of other survey methods to improve the data material acquired. 
In particular, use of the traffic conflicts technique as a 
diagnostic tool under the following conditions: 
- if accident data do not provide sufficient details or data 

are incomplete 
- under certain circumstances (e.g., great variation of traffic 

volume during the day due to trip generation sites, such as 
shopping centers, sports facilities, and public transport stops) 

- if statistical data are not yet available due to major construc
tional or traffic management changes in the area studied. 

(d) Interpretation of results and identification of countermeasures. 
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