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Wolf Dietrich ZUZAN Austrian Road Safety Board
Salzburg, Austria

(o BY THE OR

Ladies and Gentlemen,

I welcome you heartly in Salzburg in the name of the Austrian Road Safety Board
(Kuratorium fir Verkehrssicherheit), which is responsible for the organisation of this
Congress and | hope that you will spend interesting days with a lot of yield. We
enjoy that we are able to welcome so many outstanding experts from four continents
at that Congress! This fact shows that the subject of this meeting namely the check
on efficiency of safety measures in road traffic is of great importance. I'll try to show
the size of the problem by the example of Austria:

The expenses for immediate safety measures - that are safety campaigns, expert
opinions, public works for the removal of black spots, driver training and safety
education might be surely more than one billion Austrian Shillings. The expenses for
road construction by the federation, the federal countries, the communities and the
road-duty-companies are about thirty times as high. But the effort for the evaluation
of all those measures is not even one pars pro mille. One relies on general
considerations and experiences considered as being useful for traffic safety and
summarizes all taken measures, whatever they did, as a success. In many cases that
might even be true but it does not at all apply for each individual case. Three
examples may prove that:

The success of safety campaigns is often demonstrated thus, that new items are
produced for the press and if then reports are published in the medium they multiply
the report by the circulation rate of this medium and state: we have reached out up
to ten thousand persons. The theoretical reach of a safety message then will quickly
be transformed into attitude modification because one beliefs that the contents of the
message have been so conclusive convincing and so attitude modification is equated
with behaviour modification. One has reached the target and sits down in the
director’'s chair: what have we done all for traffic safety!



That it doesn't work so has been demonstrated by the evaluation study of a very
expensive traffic safety campaign carried out 1973 in Austria under the title "Alcohol
- car - out" ("Alkohol - Auto - Aus"). The study showed that despite of the
theoretical reach the message which has been sent out did not attain the target
group and therefore no behavioural change has been produced. Since that time no
such evaluation has been carried out so because of that fact it is not possible to
declare that all safety campaigns have worked so poor.

Fortunately, there are not only so negative examples. So in the early seventies in
Austria driver improvement courses have been implemented for drivers driving while
intoxicated. About 10 years after the start of that activity a large efficiency analysis
has been undertaken whereby it was possible not only to compare three different
groups of treated drivers but also to establish a well organized control group.

The results met the expectations: through the course-attendance the recidivism rate
of drivers driving two times under the influence of alcohol could be decreased about
50%, that means that the reprobation rate was only half as high compared with the
untreated control group. To the ethical aspects of establishing such a control group |
only want to mention that different by change occuring administrative reasons
caused to it that the members of the control group stayed without treatment but
they corresponded by their characteristics to the treated group.

A third example shows that measures may work in one case but not in others.
Within the frame of a large study on "driver behaviour and accident participation of
foreign drivers - especially german - in Austria” 12 black spots on the arterial transit
routes in Austria were noted. On 6 spots simple traffic-technical measures and traffic
regulations have been carried out. The effect has been verified by speed
measurements, traffic counts, traffic conflict studies and accident analysis. By the
analysis of traffic accidents only a poor effect could be established due to the small
number of cases but that slight effect spoke for an improvement of the situation. But
the observation of traffic conflicts proved to be a very sensitive instrument at an
observation range of only a few days: the number of observed conflicts dropped
from 563 to 109 conflicts! But this was not the case at all sites! So it has been
shown at the "Trautenfels - crossing” (in Styria) that the taken measures could not
extinguish all the existing problems and proved that the traffic organisation of the
site should be changed by necessety.

Recently a small study on a portfolio for traffic education devoted for the hands of
specialized teachers could be carried out. It could be shown that only a part of the
teachers was able to use the documents because they were too much theoretical



and therefore the realization by the teachers has rendered more difficult. Now the
portfolio will be reorganized and new edited.

This example should stay for the future traffic safety work: All larger projects should
be evaluated by routine because of this feed back one's own work can be improved
to the advantage of traffic safety, for the smoothness of the traffic system and for
the welfare of the citizens. In this sense | ask you to understand this Congress as call
for evaluation from all persons working in the traffic sector: technicians,
psychologists, PR-managers and politicians etc. The time definitely has passed to live
from hand to mouth!



Ralf RISSER Fa.Factum
Vienna, Austria

IN LC FOR SAFETY EVALUATION OF
FFIC SYS
Cc ICTS AND O SURES

Introduction (German version in the annex)

As year the ICTCT also organ a wor p in 1993 - this time under the
pat of the "Kuratorium fir Ver ssicher Salzburg. "Workshop™ does not
really apply this year, because it was a congress in the course of which a couple of

usual workshop dimensions of about 30 - 40 people turned out to be much too
limited.

In general it applied for the workshops that the presentations were very
all the speeches is the discussion, which
n. This time - in Salzburg 1993 - the
hough their number was larger than usual.
ugh to deal with one general topic, for the

e"” was planned right from the beginning
and it is reflected in the contributions.
whi ol e to give a social d
ribin c h tics. Under the e
usta (1 t late this with "Sozialvertraglichkeit"), Joop
AY the Dutch ministry of t port poi out h criteria can be
duc a national level, that is to which | and f frame one has to
c to arrive at a t c system which evens out conflicting interests between
d nt social groups, which takes basic human needs into account.
ady possible to spare some hts on
equipment would have in traffic
e previous paragraph, as Christer HYDEN
from the Depa nt of Traffic ing chnical U ity
of Lund in the main speec in f different of
equipment that are being developed or imp
Furthermore, the of traffic ty was cially stressed among the many
demands, which should m This is to the fact that many of the

methods the members of the ICTCT dealt with are orientated on formulations of
questions concerning safety. The third main speech consistently also studied
possibilities and limitations of accident analysis: Siem OPPE from the Dutch Institute
for the scientific research on traffic safety (SWOV) gave a very detailed report on
this topic.
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And last but not least Farida SAAD the French or sa for safety
INRETS dealt with the analysis of tr conflicts and o k of or. Her
a s was based on her own reflections and on a paper from Nicole MUHLRAD
(1 S as well), who could not take part in the congress.
tm te et lict
tec ed are of
' has an in of
ict
In
un
nd
en
ey
ey

rather admit steps pointing at a definition of a desirable traffic system than accident

data. S , accident data are not r
serious ts does not work reliably)
events that one would have wanted to a

n
a f
r

too little information about the human factors leading to the traffic accidents.

It should definitely not be expressed here that accident analyses are useless. On the
d

c

k,
To learn something about the last - men
more and more the aim of experts for tr
others, reflected in new research work o
e.g. in the ration with the
problems in ping new RVS (g

The central topics from the key note pre
- work for which the aspect "new traffic
turned up in all the working groups. Ne
not refer to this aspect to the expected
common nature. But this does not contrad
been collected in this way can be used,

c -

of

| int

is quite probable to happen.

deliberately:

Group A described and discussed the

the criteria for a traffic system, orient

acceptance. The view on traffi

with the African : e.g. in Nairo

done by foot. Here it mes extreme

structures - and it really been tried to
not only the comfort and the easy
ians. This result can at least be
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society
and regul

road
n}.

ng with traffic
s for road constr

th - a

it p
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collegues from Africa had not been able to pay for the journey themselves and it had
not been possible to find sponsors for them in Austria).

In group D different possibilities for the use of different types of r analysis
were presented and discussed, including problems with the ration of
sure which gains or im ce
the amount of accid are ed
Wo -groups B, C and E extens d r m f safety
ana based on behavior and inte on est ems are
together with b r analysis. Two up ssions |
Id like to discuss y:
t n
n s
3 o]
ntion to
he fa nt
whic in
the end into e.g., safe behavior. But they also raw from an objective analysis,
just like the total amount of all discriminative s one can think of in road traffic
cipant watches the others and draws
Lt
$q
T
ma S n sis a
va d cr if p
ica a le e
. (o] rstand
S, to be
a o] th the
accident g But w
S going n dent.
ased on or w

The deficits of such reconstructions are well known (e.g., the memory does not work
like a video recorder). At the same time one comes back to the problem of
subjectivity, which was already talked about under point 1). A good utilization of
accident data therefore turns into a qualitative process.

to identify phenomena m
help of observations of or
se of correlative) lead to accidents. And
n the wrong track.

One working group - group E - dealt with fic con studies. One very promising

ap here is v ysis: intere on pro es on defined locations can
be ed on v . i algorithm on the basis of space-time - relations of

13



c pa distinguishes between occurrences which comply with the

ition conflicts (compare the article on this matter in this compilation)
not. s is w one point for ¢ sm is tuned down:

h b wvers not e to estimate time speed well enough

e lly ju wh er an occurrence was "close", "only just

worked out again”, was dangerous or something similar to this.

What is also true .in connection with traffi
have to be seen as a part of the traffi

king the characteristics of human thinking
le remains blocked .
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Hans MOHLIN Research Director
International Coordinator at KFB
Swedish Transport and Communications Research Board

Sweden
A SUS BLE NET OF FFIC TY
R
ICTCT stands for " onal Coo tion of Theories and Concepts in Traffic
safety”. ICTCT was in 1979 n
in . S
w e
te teps in the further development. Later on
th o-day focus is on theories and concepts in
general in the traffic safety area.
i s i H ow ssor at th ment of Traffic
n d of nology in . He has been
s st 79.
T are still members and in a on quite a
. Today no less than 17 ntries are
st to Japan in the east. It also includes
n countries.
E participated, which gu
k d.
The rch front was pushed forward, ideas and experiences were questioned and
disc . The network was really alive!
of the objectives of KFB - the ish Transport und Co ions Research
d - is to be informed of whe find distinguished re and research
r f ICTCT is of
jo ns, research
S t
Thanks to this we can keep us info in the importa of road user viour.
At the same time we can meet in um where the ions of resea an be
discussed, and valuable views and facts can be obtained from those countries
this only so in theory is r cted by the fact that the
fety was prepared to organ this excellent congress in
with
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Christer HYDEN Department of Traffic Planning and Eng ring
Lund Institute of Tec ogy
Lund, Sweden

ON FFIC SAFETY EVALUA Cc TED
TO NE ROAD TRA T TICS (RTI)

1. Introduction

acc sed by 60 | stal

are i ant similar e topic of my presentation:

1/ Late evaluation; it seems as if evaluation always is . Reflector poles are
already implemented in a large scale in most E countries. The need
for early attempts to eval the safety effects becomes obvious in light of the
negative indications produced by the Finnish study.

2/ '
as such may not p very success i
contrary there is an ious risk that the safety effect is adverse. The need for

early evaluation is therefore urgent.

3/ Regarding both traditional infrastructural measures and RTI there seems to be a

lack of preparedness for rehe eva I
this was clearly demonst in a f all t
by the project HOPES. Vi wa I d
involvement of safety experts in this process seemed to be lacking
ely.

In the following | will deal with the theories and concepts around evaluation of Road

n In RTI) ntation is almost rely based on results
a in Il p S - Horizontal Pro for the Evaluation of
e hic edo d f year ago.

am

est

ES

afe

ty is one of the main aims of DRIVE, the
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2. Some basic concepts

2.1 Road Transport Informatics (RTI)

PROMETHEUS and through the EC-progra
fair overview of the area | have chosen t
progr . DRIVE Il is expecte result
areas assified in DRIVE as n areas of operational interest”. They are:

AREA 1: Demand management {road pricing, parking management, public
transport and other services);

AREA 2: Travel and traffic information (travel information on alternative modes,
road and weather conditions, tourist services, etc., traffic information,
trip planning, navigation);

AREA 3: Integrated urban traffic t ration of traffic control with
public transport, of urb | b fic control, etc);

AREA 4: inter-u tra agement (i t and congestion
road co nm O traffic pred etc);

AREA 5: Driver assistance and cooperative driving (driver task modeling,
monitoring, supporting or assisting the driver);

AREA 6: Freight fleet ma nt (mobile data communication, hazardous
goods oring and , etc.);

AREA 7: Public transport management (bus priority, passenger information, fare
collection systems, etc).

cts are Concepts are new, h

to the dr and in the meansto o N
nds on safety evaluation is therefore very
ilar techniques is very limited.

lic da - to
e of c - is
th eed c n of

RTI.

2.2 Safety evaluation

The traffic system be viewed as con of an inte ion of the d the
vehicle and the e nment, where the nment inc s e.g. the the
weather, light cond ns, road s e conditions and even other users -
vulnerable or not vul  able. Each user brings to this interaction a f beliefs

and attitudes which primarily arises from the socialization process.

The introduction of RTI into this interaction adds a new element to this process. It
may change pre-existin erns of be ur, particularly when the em now
acts as intermediary be the driver other road users or the d and the
road environment. A RTl-system that provides information to the driver on road or

18



traffic conditions or one that intervenes in the driver's control of the vehicle has the
potential to make profound alterations in road user behaviour.

The DRIVE Safety Task Force in its Guidelines (1) stressed the need to assess the
safety implications at three levels:

1 Systems safety (SS)
2 Man machine interaction (MMI)
3 Traffic safety (TS)
Systems safety Is the reliability of hardware and re. The MMI level
deals with the ra between the human (i.e. the and a number of
el describing the function of t ne (i.e. the vehicle). The complex
in ions can be described in the fo ay (2):

r need wh a ce

in ed, with er ha

ce and specific characteristics. An
if the introduction of the technical device
d thus led to the anticipated improvement

safety. "
As all six system elements included above ectly could be related to safety
issues, they have all to be considered in the de process.
Traffic safety, fin is the overall safety ef of the system in actual operation.

This paper will on ds deal with the Traffic ty effects only.

2.3 Traffic safety

The term ‘traffic ty' is used in various ways by different people. The use
depends often on 's view of the context of the questions to be answered. A
politician probably wants to know the overall figures for a year or so, while a an
average citizen refers to the danger to him or her (3).

In order to get a good p of the complete safety problem, it is helpful to
distinguish between three a :

1/ The threat to the individuals

2/ The feelings and behaviour of individuals
3/ The value attached to these two aspects

persons aware of the real dangers in order to help them to act adequately in unsafe
situations. ,

The ! risk' is sometimes instead of traffic , and similarly
diffe nt ations are used. Som s it is used as a syn for danger and

19



sometimes to denote the probability of an accident or instead of ‘accident rate'.
Generally speaking the term risk is used for the expectation of an unwanted event, or
events, and their negative consequences.

is alo s

ev thet s

co This y

Jit to me only lack of safety may be
detected afterwards as the occurrence of acc . The focus on accident

occurrence has, unfortunately, often been linked to a view that accidents are the
outcome of a random process that cannot be 'controlled’. This is of course not true.

though i ra events the probability of accidents varies
derably s f such as environmental factors, individual
rs, etcet as nts are rare events and accident conditions
it is ive an una ous expl on why
to gi te from ac s in the , of the

icular n the future.

To conclude: it is obviously very difficult to assess how safe a measure in the Road
t Informatics (RTI) area is likely to be in the real environment because the
ty of the task, and the uncertainties, are so great. There are three main

reasons for this:

(1) accidents, the direct measure of safety, are relatively infrequent occurrences in
terms of vehicle kilometers,

(2) pl red to id

imp w '

(3) d the cau

means that the safety aspects of RTI syst

The implications of what is said above is that assessment of RTlI mus us a
lot on the use of intermediate measur s i of 'a simple use’ of dent
statistics only. This is of course n ng special for the area of RTI eme ns,
but it is particularly urgent in this a because of the novelty cha r of of

the RTI-systems.

2.5 Traffic safety in its social context

el b of al we f Ag e
we our e whi th ility g
ina ent is r ew to . Th g
of the benefits that we get from travelling against the (possible) losses, may cause

people to decide not to travel, or to travel in an alternative way.

It nt

sa re i

SO ial I

p ctra rt for youngsters on
\; this d be a very effectiv

benefits are hardly weighed in discussions about the costs of public transport
systems.

if tin

pli by

is we
evaluating traffic systems, we also have to
0 account.

20



A nomenon § very special atte n - and the re is given special
no in my pr t - is the so called havioral ada ion". By an OECD
scientific expert group (4) the phenomenon was defined in the following way:

"Behavioural adaptations are those behaviours which may occur follo wing the
introduction of changes to the road-vehicle-user system and which were not intended
by the initiators of the change”

The experts reviewed a number of research projects and concluded that behavioural
a

e

s

p - 1] . - Wl « .

that it is more readily identified following vehicle and road system changes.

My interpretation is that behavioural adaptation is a critical element in the

of RTI. now the

to the ried in ch

. the n safety e
su s the idea that ioural adapta
ou e of RT! introdu

To give some idea of the complex mechanisms behind the phenomenon | will briefly
present some of the more important mechanisms:

D ion of on ity
If e con Si ions to be uncontrollable, they get feelings of helplessness.
t to know who is "responsible’ certain ev they want to "del
lity". In case of RTI the driver _ t delegate onsibility to the sy
For example, a warning device may lead to the usion it is no longer
necessary for the driver to be making evaluations of tial ha
Behaviour diffusion and imitation
td of non-eq vehicles will
co a major p with certain
td .
Isolation effects
n an rt s t c
rs h r n S
o e r

equipment would supplant communication between driver and other road users
(other drivers or vulnerable road users).

I

I
in any direct way, nor very ope i
predicting the effects of RTIl-mea Instead one must rely on more qualitative
tools, such as the "PRO-GEN traffic safety checklist".

The social context of traffic behaviour can be called the 'traffic climate'. It reflects
the quality of interpersonal communication on the road, including the safety of all

interests. Together with the traffic laws an

21



users is asis for the s hness of traffic . 'Smoothness’' must

e confus th 'speed'. Tr can move at a | d level as well, but it
should "'move' for all road users and not only for cars. The traffic climate is based on
communication, which is more than information exchange. These principles are very
fundamental for the application of Road Tran rt | cs. Su rting systems
for car drivers must not disturb this communi  on or vio the rights or
expectations of the other road users, which might cause danger if neglected.

To conclude, the al  extiss thing that has to be included in an evaluation
procedure, other t isag danger that RTI will be directed in wrong
directions causing new and severe problems for certain road user groups.

3. Safety evaluation strategy
3.1 The evaluation framework

A framework for the assessment and evaluation of traffic safety effects of ATT
systems and the problems of man-machine interaction was elaborated during the first
year of the HOPES project.

As a basic principle, it is important to understand that whether or not they are
designed for safety reasons most ATT-systems that will be introduced will have an
influence on safety. The influ may work through the user of the system (d ly
or indirectly), the drivers of o vehicles, vulnerable road users, or the whole ic
system in general.

Safety assessment/evaluation must therefore be a continuous process from the first
idea of the system through design, prototype, field trial, partial implementation to the
full-scale implementation. This process can be divided in two major parts:

1/ Prospective safety analysis, i.e. assessment in the design and pre-trial phases;
before the real world implementation of th

because it should play the role of warning

negative safety effects before the pilot pr

change in strategy. Prospective analysis i

and hypotheses for the retrospective safet

the retrospective evaluation can be mad

hypotheses raised by an early audit process on the system or implementation (5).

2/ Retrospective safety evaluation deals with evaluation in the field trial and
implementation phases, when the system is already implemented. This is safety
evaluation in its more traditional meaning.

3.2 Main areas of possible safety impact

RT! systems may have impact on the safety of the users of the system as well as
any other user in differen

behavioural ge and infl g safety

an attempt to describe and analyze the

safety impacts, on the Guidelines

areas cover freq the secondary, side

by the designer, and therefore the is

deliberately aimed at safety effect by

registration, etc. usually has a well def ed h p
development of the system.

22



In the following of this chapter I will gi short description of the s and it

can influence safety, systems that are to have such an effect, level Id
trial by which the safety i ct the given area can be t methods and tools
that can be used for the ua of the possible safety t, and indicators of

the safety impact applicable on the area.

d (
o h
e e
systems and dynamic route information systems.
The ral and direct influence of any r system on the task is that it will
influ the distribution of attention for the various s of driving. The

addition of an RTI application into the often well-balanced man-machine-environment
system formed by a driver in his/her car on the road, will change the distribution of

tal |
S, i
driv
e, h
hypothesis t this influence with regard to a particular system various aspects
should be t into account.
It is i o divide the in-car systems into two general classes: (1) systems that
give ce or information to a driver, and (2) systems that actually take over
c . n y be as the extremes of a
s t t rect t of a system on the
d t s .
Evaluation may be carried out in an increasing degree of reality, step by step. Early in
is v
if b
r re o
a e driver in a no Iready occup . Further
S es should be dt response of ivers to
a ituations that lled provoke a sy ms reacti
ly closed-track studies should be performed before the system is used in real
C.
testing met , such as driving
ical measure s of attention, eye
tings etc. A well-balanced combination of
ors may be used to assess the impact of a system on safe driving and the
task itself.
fectsofar ystem on the user
e systems have such a direct effect are e.g. navigation systems,
dynamic route information systems. What holds for in-vehicle systems holds in
ge b
al Si
as , h
ng, or an advice about a parti d pa ter. In case of an
ange b n road-side and in-vehicle ica ah situation may exist
that combines aspects of both systems. For a road-side system only the situation
may be with an in-vehicle m that gives advice and/or information by
visual di same type of influ n driving behaviour may be hypothesized:

a change in the distribution of attention and mental load, which may influence safe
driving by interfering with the requirements of aspects of the driving task.
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Even in this case evaluation should be carried out step by step during the whole
cycle from design until production. This may be done by various mock-up and
simulation / simulator studies, and later on in a closed-track study. Whenever
possible a with-without comparison should be made with sufficient subjects of
various age and experience level.

Efficient methods and tools are e.g. instrumented vehicles, behavioural observation,
lict studies at.loca of -side s, simulator ies and on-line
gs, and indicators be us m of driving b our, secondary
performance, physiological indices of attention and mental load, and eye movement
distributions.

Indirect, behavioural adaptation effects on the user

Examples for systems that may have such an effect are: hazard warning systems
with monitoring environment, road and traffic (road surface, road geometry, visibility,
road regulations, incidents), vision enhancement, collision risk estimation, driver and
vehicle monitoring).

| a at n in ma if eu
ng f d nd fre c ay
of c c f , etc. e to

into consideration when behaviour adaptation is hypothesized and tested, that it is
an effect that do not appear immediately when the environment is changed, but
usually appears only after a settling in period.

Behavioural adaptation can be tested mainly in real environment, but also in
controlled experiments. Examples on methods and tools that can be used are
instrumented vehicles, behaviour observation, traffic conflict studies on the spot, and
in-car, driving simulator studies, traffic safety checklist.

Indirect, behavioural adaptation effects on the non-user (imitation of the user)

First of all those systems may have such an effect which modify the behaviour or
driving style of the equipped driver, such as: hazard warning systems with
monitoring environment, road and traffic (road surface, road geometry, visibility, road
regulations, incidents), vision enhancement, collision risk estimation.

Behavioural adaptation effects can apply o the d t users of a new RTI
system, but also to non-users, who perc s modifi  on in the total traffic
environment, and imitate the new way of driving of those who are assisted, warned
or informed by the RTI system.

This kind of behavioural adaptation can be tested in real environment, where users
and non-users of a system interact in an integrated traffic milieu. The same tools and
methods as in the previous area apply here as well.

Modification of interactions between users and non-users

Systems that may modif : collision risk esti on by tive position
determination, conflict , safety margin rminat and critical
course determination.

Communication between the different participants of traffic is an indispensable
condition of safe road user behaviour. Some equipments could interfere with such
communication in such a way that communication between driver and equipment
would supplant communication between driver and other road users (other drivers,
cyclists or pedestrians).

The modification of interactions can be tested in real environment, where users and

non-users of a system interact in an integrated traffic milieu, e.g. with the help of
instrumented vehicles, driver behaviour observation or traffic conflict studies.
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s: change of looking our, cha of movement patterns, change

unication patterns, ha s interac sit ns.
Mo
Mo can be exp d f ent detection
Sys , emergency ma
Improving traffic safety is possible not only by active safety measures, i.e. by
n that accid occur, but also by passive safety
s s t decrease dent consequences by e.g. damping

.
| '

This kind of safety impact can be tested both in real environment and as a

of with Is like in-
an ns an . Feasible
cy eed o
Modification of exposure
E re be mo by route guidance systems, demand restraints by area
a re nts and pricing and car pooling.
Traffic safety, i.e. the number of accidents occurring is highly dependent on the
X e. RTl s may have a strong impact
t fluence g, the distribution of traffic
t . may have an unplanned secondary effect

of increasing travel demand, and by that influencing traffic safety.

Modification of travel demand can be tested in the real environment and also as a
pros ve ass t of change of people's at and beh our, with methods
and like tr unts, interviews and quest res, gam techniques.

Modifying modal choice
RTI systems that may have such an effect are first of all: demand restrains (area

s restriction, road pricing, park st ies), supply control by modal
hange and other public tr rrm ge measures, travel information
systems.

Different travel modes have different accident risks, therefore any measure which
influences modal choice, has also impact on traffic safety.

Modal choice modification can be tested mainly in real environment, but also as a
p ve assessment of exp impact by be vation, traffic counts,
Vv s and questionnaires, i method and iques.

Modifying route choice

te choice are: demand restraints by route
dynamic route information systems, hazard

Different parts of the road network, i.e. different categories of roads, have different

accident ther any ure which influences route choice by diverting
traffic to of di t cate has also impact on traffic safety.

This kind of effect can be tested in real environment, but also in controlled
env and by modelling, by behaviour observation, interviews and
que s, and traffic models.
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Moadification of speed choice

of e a ning
dr S, g r and
su Vi a S sion

enhancement, collision risk estimation, driver and vehicle monitoring.

Sp choice of the drivers in different t

tra safety, both by influencing the pro

critical traffic situation, and by having infl

outcome of an accident. Speed choice is a

can trade safety for efficiency and vice versa, therefore modification of speed can be
a sensitive indicator of s y impact of different RTI s. The speed distri n
characteristics, such as ation in speeds, are also relevant, because e
influence the interaction between road users, even if the mean speed remains the
same.

of speed can be tested mainly in | in olled
ment, such as in driving simulator. h d ring,
instrumented vehicles, behaviour observatio ri

4. Final comments

| hope | have made it absolutely clear that traffic safety evaluation is a very complex
task. Solutions to evaluation problems ar: never easy to find and, particularly, the
interpretation of results is filled with difficulties.

One major problem is the lack of proper understanding of the traffic process, road
user behaviour included. It means also that the different elements and indicators are
very seldom validated, especially as far as their importance for safety is concerned.
So for instance one must ask what a decrease of focussed vision on a specific type

of target actually stands for in any kind of safety ed t And, what
increased heart rate mean in safety terms. The list be very long.
these indirect indi ns are very di to i even indivi . Therefore a
proper evaluation t include a n of s like the | mentioned.

Then another problem of course pops up. What do these measures mean together.
And what happens if one of them changes in a 'favourable direction' while others
develop in a 'non-favourable direction'. Nobody actually knows. And, | think that we

will ne b y increase
our kn S al ually, try
to link t o

It is very important for all parties involved to understand what | tried to say above.
For the practitioners it is important because they always look for "the easy answers”

(is it 'good’ or not?). The researchers must eir a s to op nali
and verify their attempts. In this area th alo 0. The ee
multidisciplinarity is still not at all sufficie ural sts wo th
models and theories and engineers do the same, both in their own spheres. Just to
give exa bt it is necessary that the different disciplines explicitly
are f d to the together’, i.e. to work on the same contract the same
objectives.

Road Transport Informatics has produced a kind of opening in this respect. Never
ever before the demand for safety assessment and safety evaluation has been so big.
This does not mean, however, that there will be a lot of proper safety evaluation but
still, the demand is clearly outspoken. Let us in ICTCT keep on promoting the
nce of safety evaluat and let us also keep on working with the concepts
ves. Our role is defini not less important to-day than it was ten years ago.
On the contrary!!
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SUSTA BILITY IN Y'S FFIC IN NETHERLANDS
Introduction

L herlands' Directora neral for Transport
h . It comprises two es: the care of the
p competitive position of The Netherlands as
a transport and distribution centre in Europe.

The ctorate-General for T ort, which is the cy part of the Ministry of
Tran t, has two main tasks n this mission-stat nt:

-  facilitating, managing and directing vehicle use by creating the right conditions in
the transport sector;
- promoting safer transport.

Th i 19 S n e
"T by a d Y
is as ! n g

Term Policy for Road Safety”.

wide public support from different interest groups is essential.

ace. These lopments present The

threats. Eco ally, it is vital for The

e main ports of Rotterdam-harbour and
Amsterdam-airport continues to be guaranteed.

Present situation

in car transp es not look like sl In 1950 the Dutch drove
and vehicle k res; by 1992 the f reached 97,500 thousand
Tra rt problems are g in the con ions in the west of the ¢ -in
the known as the Ra . Main road city here falls far short of din
s 0 urban nations. Business and freight
at Rotte and airport at Amsterdam -

e c¢f commuter traffic.
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port as a alter

nce of h g to t
is not ye le to f
emains the obvious choice.
t ha nd
r to of
fic ge

of 40%.

reduces wildlife habitats, which can lead to the extinction of some species.

Local auth are not in a p to solve tr t ems. The
authorities rned are ill-equi to traffic and t rt lems. The
latter are complex, and provincial mun Is to
deal with them. Solutions are elus and ur 1 (o]
a conservative public. The trend toward at ral

nment less power over | -tier authorities. And finally, the financial

rces ne to implement an e ve policy are becoming ever scarcer as the

recession deepens.

If we do nothing

in not a p le e
a United g o]
n ears. P r a

number of daily journeys will increase from 21 million to 28 million in the next
quarter century.

The increase in car traffic on the motorwa

rastructure.

Forecasts show that over the next few y
out from urban areas (especially in the vi
the accessibility of urban destinations. A
like a series of ever larger circles centre
the Randstad.

Co rcial veh have to not just with congestion on the mo ay, but
inc ngly diffi access to trial areas caused by delays on minor S.

Both business users and commercial vehicles need fast and safe road links between

of and

. th e of

o] as y of
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Europe, good international links from the Randstad through Germany and Belgium to
southern and eastern Europe are also vital.

Road haulage in the s is forecast to grow faster than private motoring.
The tourist industry is iencing strong growth.

trimental both to the human environment

to the. economy (affecting
Netherlands' position as a

Sustainable society
Given its geographical location and economic position within Europe, The
Netherlands has a strong incentive to minimise or eliminate the problems outlined
above.
des d to e the lem has to strike a balance between the
ndivi free econ accessibility and the quality of the human

against the yardstick of the sustainable

opments the needs of the present
of future rations to meet theirs. In
s raffic problems and oth roblems
p down to future generat
new policy, a different balance, and the
th ansp
nd pub
su in
adverse effects of t ort growth -
$ On energy consump and limits on
continue to ensure good s, but not
therefore has to be influ - mobility
management in other words.
A sea change in
s
r
bl
in
the Ma reaty and the EC, we have to contend with an set of
etitive ities and threats. H main ports like the ur of
dam Amsterdam airport in The Netherlands has major consequences for
tran policy.
Concern for the environment and amenity values are imposing new requir ts
which we must include in our consideration of the functioning of society as a e.
socC and the way we run our g
s ntralisation. Custom-ma
necessary on a region-by-region basis, an e i
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This means that the role of central government is also changing radically; it is
becoming more of an enabling force at a distance, creating the right conditions.

means of transport. Selective expansion

r e
i of movement within The Netherlands, while
t (o] le society.
em is traffic in the rush hour.
icularly ing a more sensible use of
Defining the task
As as setting out its long term strategy, the Dutch government has defined
obj es for the year 2010. The following most important tasks have been set:

- the 72% forecast for the growth in car traffic between 1986 and 2010 to be
reduced to 35%;

- a target of 2% probability of con on on the ays from the main ports
to Germany and Belgiu n by the 2010; th for other motorways is
5%;

- the car occupancy rate in commuter traffic to be increased from 1.2 t0o 1.6
persons by the year 2010;

- a restrictive parking policy to reduce motoring by 6%;

- an 30% increase of 3,500 million kilometres to be cycled by 2010, compared
with 1986 figures;

- a 20% reduction by 2010 in commercial vehicle kilometres to be achieved by
be port manage by 1995 all companies and ernment
de employing mo n 50 people to have a company tran t plan;

- NOx emissions (contributing to acid rain) from private and commercial transport
to be reduced by 75%;

- emissions of CO9 (contributing to the greenhouse effect) to be 20% less per
kilometre travelled;

- noise pollution from motor traffic to be at least 5 D(BA) less;
- half the number of road accident fatalities and 40% fewer injuries.

The tasks summarised here are examples and the complete overview is to be find in
the Transport Structure Plan.

The approach
The Transport Structure sets out five steps for achieving these targets. The
overall objective is to gu ee The Netherlands' economic accessibility, both from
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outside and within the countr
road safety standards.

3 Better alternatives to the car

y in the year 2010 while preserving environmental and

cono st and qui vehicles
in a promotes onmental
preserve amenity values in urban areas and
as must be out of bounds to motor traffic.

le t m sp n
an ou g o
info u lan g

For people, this means better facilities for public transport and better infrastructural

provisions ing and car poo
for rail, wa and combined t

4 Selective access on roads

5 St
This
comm

In freight transport, it means better facilities
port.

special lanes being provided for
s and who car-p

al ancillary to port such as
uth nancing and rese

portant policy options, and not all of the
like to explain how vehicle use can be

REDUCING AND INFLUENCING VEHICLE USE

Influ e cost of jo
Mak by public t
than

Pricing policy is a
use. The following

and bringing the workplace clos
rt, combined transport and the b attractive

no relation to the true costs in terms of
alth (including traffic accidents). The low
use rather than curtailing it. While pricing
portant device for influencing supply and

for a nu of instruments used to affect vehicle
are envi

- Reduction of the growth in car use in general - the "volume" policy;
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Influencing vehicle use according to time and place - congestion

Reducing the use of the private car as a means of transport.

management;

risc i ea n
g. On m m
in ter r e an

c , an way he or she dri on i ce es

c and economical cars. sures in this area include:

- higher taxes on motor fuel;

- a steady reduction in the parking space available in cities and at work, and more
in the Randstad to be introd in 1996;
new cars and road tax ra favouring
ars;

- changes in commuter travel allowances.

The w to r travel tively expensive compared with

publi ran is lic tran t should be cheap enough to

enco ge th

* d use

C | land ing can produce a nced distribution of traffic. By

int ng land use planning transpo 't car use can be controlled and

inf cture used more effici

Planning ures can ensure that whe

other fac , there are good public tr
gory can be re either by car or
re ac ble mainly

A o ed c tran and

ar a of . at line

st si tl rom g to
work.
tor car.

C category sites impose no co ions on public tra t, gh collective forms

of transport (car pooling and s buses) are encou . sites tend to be on

the urban fringes.
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ibility profile of the site is adapted to fit the mob profile of the firms
g there. This is achieved through a careful sele n of sites, and by



d ac ic transport, collective transport or road

g ap s which do not contribute to a reduction
ivate d.
a firm itself to unnecessary use of
mmuting and b trips. The national
nent of traffic by 20% by 2010.
The fol ng examples are of do X
- ma as many service and b i n
- providing public transport season tick \' ;
- providing a staff bus;
- m ne
T w he entra
- ic g, ging s, showers,
- nominating one member of staff as a full or part-time transport coordinator (there
is a government dy for this).
Transport plans on lines have already shown that reducing vehicle kilometres
cuts costs because less travel allowance has to be paid.
* y
A g policy is another effe
sh in hand with better

suburban services, the bicycle, car poolin

primarily a municipal matter, and should

concerned. Measures taken in this area

growth of car kilometres between 1986 and 2010 of at least 6%.

These measures include:
vailable;

rm;
riority in parking;
idents and inner-city businesses.

Repl g kin ng is al a general t
The ru or and ec ic use of p g places
relat n pr d.
The allocation of par for the three of b ve is as
follows: A category s in the Randsta pr a laces for
e ; r A Yy s de a have 20
p y For ory sites, the norm is 20 parking places per
1 n else
Re from parking goto T ort t to
alt forms of sport, as er

| , Park- Ride . ar

ensive in city centres can be used for higher value

k on the political agenda. The bicycle is the second most used
n The Netherlands.
There are also great o ties for reasing b e transport, especially for
journeys up to 7km. R r that 6 of all jo ys in The Netherlands are
shorter than 5km, and 45% of all car journeys are under this distance. Cars also
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cause relatively more pollution over these shorter distances, particularly when the
engine is cold.

The purposes of the bicycle policy can be described as following:

- to indicate a coherent central policy in order to stimulate bicycle traffic;

- to contribute to the development and implementation of effective measures;

- to sti e other ern institutions, public transport companies and
other anies to ap te st( ps.

The of cture PI

bicy ang bicycle

and Th car to

for the bicycle approach.
The number of kilometres covered by the bicycle will be incr by 3.5 bi
(30%) by 2010; this will account for 8.75 % of the desired tion of m
traffic;
the travelling for cyclists to economic and crowd pulling centres will have
been decreas 20 % owing to the construction of short cuts by improved
infrastructure;

the travelling time by bicycles for distances up to 5 kilometres will be shorter or
equal to those by car;

by 2010 the number of journeys by bicycle in commuter traffic will be increased
by 50 % compared with those in 1986;

- connections between bicycle routes and public transport will be improved.

Cycling policy is a at g e
these shorter dista . The u
achieve this. If more use is Y

transport, cycling must be safer, better provision must
storage, and theft must be combated.

g
e
y
3
n
| r entitled to a car tr o
need to take work home are issued with pannier S.
A strong growth in bicycle use is forecast for the next few years.
ORGANISING IT
Central go nt policy is imp ed by giving more powers to local authorities
which are ly closer to the
' nm d
nt s
a Tr bl
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and transport issues can then be tackled where they occur. Local knowledge in the
regions will be indispensable for this.

A Transport Region is a cohesive functional and a ative unit for dealing with
Iy rt Region a territory where several
fo t Y. e
e p d
municipal - and the regional authority lo s
community.

and transport plans which relate national
to concrete measures. So local and inter-

it

S
a
Regions with regional p have now been
being set up. The Neth ds will have 28
Road infrastructure policy
As. of the means of e g nued S to eco c centres, road
infr cture policy is an imp a of the ral Dutch oach.
The road infrastructure should enable road users to make fast and safe journeys in
pursuance of their ay a d social functions. The aim is therefore to
strike a balance be the of road, its gn, and its use in relation
to the infrastructural space. T s means infrastructure should be

where it can make an optimum contribution to economic and social

supply. heless, we do try to
inimum a of infrastructure that
without any of the disadvantages of
relationship between the main road
ronment is also important for a balanced

ort Ulti ure prop s should be integrated into
ns, er w ements. ional plans are, as we have
ean hich rt policy is to be implemented.
infrastructure to provide Dutch drivers -
conge by Y
will o e nm na
clear t b and SO
sion not to a deal of new road infrastructure is political and has

en for the f ing ns:

- The land available for new roads is limited, and roads already occupy a great deal
of space in such a crowded country;

- of t u Netherlands
re kil e ith 230 m in
m in n

- Urban areas cannot cope with the extra traffic;
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- It takes ten years to process planning applications for new roads, often in the
face of fierce public opposition;

- New roads take a long time to build and only create demand for yet more roads;

- Financial resources are scarce and likely to become more so as the recession

deepens.
All in ep a d bu
of co ov g just
there b mo
lit by gin
For in ts
f the road network and making public transport
ill h
a be
h raff
de is particularly rtant for the i
op ing just-in-time s es.

Traffic management

Infrastructure policy is designed to ensure that traffic does not come to a complete
standstill, and as such involves the quality of traffic systems.

To date, in faci infrastructural ry de
to discriminate n different cat d is
to be put to the bes this to in in
considering target g asc , freight transport and public transport.

elays. In other w o m use

ty of the journey h fferent
users' expectations.
Dynamic tr ma ent and using a target group approach to control road use,
will ensure we e most out of the existing road system.

Controlled use attempts to solve the p
bottlenecks. Methods of controlling use

should serve as examples. R

priority to economically important and
vehicles which will have to sit in traffic
rate lanes for lorries, buses, business use,
signed depending on time and place.

It is estimated ed a ach could result in a 15% increase in the
capacity of the rk by 0.

38



ral ern has very little scope to influence ma since with

ntral ion r authorities will be responsible for infrastru in their own
and o]
ly to p
e for o

implemented at regional level, and then it

specific measures for particular regions.

Road safety
treated.
rch has estimated the economic loss from
guilders. NLG 7,000 million of this was
cost of accident prevention. Actual loss is
itructure (567%), loss of p th h
premature death, injury or invalidity (32%), medical costs (6%) rl s
(5%).
do not
n and d
ion. On
consequences and psychiatric treatment,
1,000 million.
Investment in safe infrastructure therefore returns productive city to the
. Accident prevention costs money, but ulti ly results in ngs in real
have been n sary, but it certainly has
making the s as safe as other forms
ti e
/ d
ri -
Yy
ust ur It
1.5 on e
| fa th be
every year.

In recent years there has been a shift in thinking from tackling the symptoms to a
more systems-oriented approach.

39



Sustainable safety

As
SO
ess

d parcel of the sustainable . And
for Road Safety"”, for ins is an
n.
fety m tha think it is unacce to have an unsafe
m and- it is y unacceptable to s our children and their
ur appa road ent statistics.

The main aspects of policy on sustainable safety are as follows:

Road safety is insepa from
the environment, ec ic gr
therefore conform with those of other
S p a
is n
a in e ons;

Roads will be classified more strictly and made safe for the particular function
sele ; the authorities ¢ with road management in the new Transport

Reg will be especially le ir this field;

More attention will be given to the potential for better active and passive safety

features on vehicles; the car industry will be involved here;

ew p ed wil ng
emp w ter cy
car lo as ruc

secondary schools;

- Other spearhead pol s which will to a ni de dr ng
under the influence o ink or drugs, sp im ni Jonh vy
goods and public service vehicles, road for ist mo riders he
compulsory wearing of rear seat belts and the fitting of airbags;

- Methods of | enforce being considered; other auth h asked
for a clarific n on the ns to be met by sustainable ; elines
backed up by legislation may become desirable in the future.

Road safety targets

The following targets have been set for road safety:

- the 1986 figure deaths should be reduced by 15% by 1995, by 29% by
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- for road injuries the target reductions are 10% (1995), 27% (2000) and 40%
(2010).

Achieving sustainable safety

As already noted, the design and construction of roads is a major factor in achieving
sustainable safety. The infrastructure is after all the medium along which traffic
moves, and which limits its flow.

Infrastructure is also a factor in the choice of transport (the modal split) and in the
choice of route. It determines traffic behaviour to a large extent. Clearly then, we
must pay a great deal of attention to the infrastructure in our approach to sustainable
safety.

ble t he
ap il a
sn a es
closely to the characteristics of the road user. The policy should not simply address
i he -p
; n id
t fu d i

established in order to minimise the risk of road users making mistakes. Then the
road must be designed so that the seriousness of accidents which do occur is
minimised.

The safe road traffic of the future will use an infrastructure designed to take account
of the limits of human error. Vehicles will be fitted with devices to simplify the
driver's job and will be built to protect passengers in an accident. Road users will be
properly trained, informed and - where necessary - controlled.

The safe infrastructure will perform three functions:

- a tion: ing with thr traffic rapidly;
- a fun : making r parts of town and the country easily
a

- a residential function: providing access to homes, shops and offices while
ensuring that the street remains a safe place.

Each road type must be designed for optimum pe ance of the fu ns assigned

to it, while also guaranteeing maximum safety. D nt road types conform to

a common set of safety principles to minimise the chance of potential conflicts. The

following three safety principles should be incorporated in all road designs:

- functional use: prevent unintended use of the function of that road infrastructure;

- homogenous use: prevent large discrepancies in vehicle speed, direction and
at moderate and high speeds; reduce the possibility of serious conflicts in

ce;

- predictable use: p t rtainty gst road users and enhance the
predictability of the S eandp s behaviour on the road.

The concept of ainable safe mands that roads be gned for their particular

function. Funct I mixes - f link and local func together - are to be

avoided. To ensure that use and behaviour are predictable, each road type should
have a distinctive design. Roads will have to be classified for a strictly limited

e f . juncti sh
n i Yy ies of fic /
n a c must uni i

road or junction. Each road class should also have a strict speed regime; the road
infrastructure should induce correct behaviour from users automatically.

Only motorways, pedestrian priority areas in city centers, woonerfs and 30 km/h
zones currently meet these functional requirements, ensuring adequate safety. Dutch
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accident statistics show that urban arterial roads and rural roads are respectively 20
times and nine times more dangerous than motorways.

Simply formulating policy objectives for road safety in regional transport plans is no

antee that the ulti pro propo ill m e ui nts. oft
safety is pushed a r phas the t h resu at
consequences and real costs only become rent R S oug be

explicit component in an integrated approach just as much as, say, the environment
is. Large-scale infrastructure projects in The Netherlands ought to be subject to a
mandatory "road safety impact assessment" similar to the legal “"environmental
impact assessment”.

A mandatory safety impact assessment would provide a better understanding of the
consequences of a particular policy. Given the importance of the government's role
in e-scale infrastructure projects, a road ty a ment d only be useful
if ty aspects were approached from se sta nts. interests would
have to be considered, and public consultation would be an essential part of the
process.

A road safety assessment should be a reasonably powerful and effective tool. The
need for such an assessment arises because policy alone does not offer a sufficient
guarantee of the safety aspects of a road design.

Pilot projects

As we have seen, the government now has less opportunity to direct the regional

transport programme because of incre

implementing national policy is being dele

exist, and central government funds ar

involved. The government's role is increasi

conditions by the following means:

- collection and dissemination of knowledge;

- modest support for innovative projects;

- running pilot projects which will subsequently have a wider application as part of
regional transport plans. Financial support here will also be modest;

- evaluating regional transport plans in the light of aspects of national policy such
as reduced private car use or better road safety;

- setting prices, taxes, motoring regulations and standards nationally.

Clearly, well designed pilot projects will give a strong stimulus to the regions to carry
out central government policy. Imitation, after all is the sincerest form of flattery.
Consequently the government is now working on several projects designed to
translate the concept of sustainable safety into concrete measures.

Some examples follow.

A. Principles of sustainable safety being applied on national highway 57 in the

province of Z d. This is a two-lane regional road (not a mo y) ral
conflicting fu ns. Besides its main function for through egi ic,
h way 57 has a link function the district, and a local funct for a [tural
v cles which need to reach a ent farmland. This mix of fun ns is main

cause of the large number of accidents on the road.

Safety on this link road is first evaluated by testing the entire regional road network

a the thr es d li f on of
h y b7 is ed w e , new
d features ora p al n sions,
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side collisions, collisions between fast and slow moving traffic etc. Forecasts are
made of the effect of a number of different designs.

B. Sustainable safety on 80 km/h roads.

This class of road is infamous for its dangers. Other factors play a role here in
addition to the mix of functions. Sudden changes of direction or speed arise because
of ungraded T-junctions where drivers meet oncoming traffic. Different road users,

mov different s and with different of mano ability use
the space. has carried out a of theo al studies
designed to improve road safety on this class of road.
Th llowing pilot cts were set up to support the role of the transport regions
in ementing nat policy.
fe Arn ns ions.
b in po ns into ways of
d in d priorities, in the
same way as environmental or accessibility aspects. A checklist and simulation
models impact of tran t plans are being develope ing tools. A first
rough st is already lable, and this is being in the light of
experience.
d
n
r
foll is an outline of the design of the study:

- ng up a theoretical road network that would serve the needs of future
traffic flows; this involves a knowledge of vehicle provenance and journey

destination, r for travelling, and the mode of transport; the three primary
functions of - flow, link and local - are used here; one of the most
resu phase is producing a set of criteria to assist with
on a
- the twork with the ideal network; this highlights pote
pro w th k
fun is n e
roa $Ss Vi n
plan for the A m-Nijm transport region; the inevitable compromise
e the target sc io; the ssions which take place in this phase in the
planning process are part of the learning curve;
- of th road ork from the of view of road
toal pleme measures to ntee safety and
road

- predicting the safety effects and calculating the cost-effectiveness of the
package of measures proposed;

- implementing the measures over a five-year period; N

- finally, the whole process will be evaluated and recommendations made for
sustainable safety in other Transport Regions.

so far

It remains government's to evaluate policy in practice and make any necessary

adjustments. The first ev tion of the Transport Structure Plan took place in June

this r, the

- pr t set p 5% target reduction in the h
ar by 2 c i cy the increase would be 7
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gestion will not i suff to objectives; r r, there will

ally be a marked ein tion in the Rand this will be

lim because of the introduction of a rush-hour s ein 1 ;

- for ts for the growth in rail travel give lower rs of sengers than
predicted;

- a slight fall in the number of passengers on urban and suburban transport is
expected;

- bicycle use will increase sharply; . -

- freight transport by rail inland terway will increase sharply. Road haulage
will increase by 110%, nst an

- reductions will be achieved s, but n r lorries;

- ions from road traffic will target give cause for
concern.

The results for road safety are as follows:

- road safety improved in 1991 and 1992, with fewer deaths and injuries requiring
hospital admission; the reasons for the fall were mainly the use of seat belts and
technical improvements to vehicles; the total of all injuries caused on the roads
appears not to be decreasing;

- target scenarios for the year 2000 will probably be achieved by sures already
set in motion; however, these meas ires alone will be inadeq to meet the
targets for 2010;

- d : r by

su (o] to
tio nd

measures.

Cooperation from many different groups will be required, especially the new
Transport Regions. These authorities must incorporate pians for sustainable safety in
their planning. This is already happening, albeit on a modest scale.

Conclusions
- to is c rt in
re stu e re of
ed the e eve

environmentally friendly forms of transport should get priority if a choice has to
be made between cars, public transport, bicycles and pedestrians. The same
picture emerges for measures to restrict car use and parking in city centres; a
small majority is even in favour of raising the cost of car use. In other words, the
public has undergone a revolution in thinking and there is support for the new
transport policy.

- Three major problems will face us in transport in the second half of the 1990s.
First, the growth in traffic volumes ar major centres will ove d the road
network. Secondly, access to major mic centres will be th ened. This
applies not just to the Randstad in the Netherlands, but to other Eurepean
centres such as Paris, Hamburg, Antwerp and Milan as well. Thirdly, road
haulage is set to double.

Solving these problems is not just a matter for transport engineers. Other
professionals are needed, such as road safety experts. In the short term we need
measures to increase capacity using dynamic traffic management and better road
classification. This would allow us to tackle the access problems and would
produce road safety benefits.

- It is possible to create a road transport system in The Netherlands with a lower
accident risk and lower probability of serious injury in those accidents which do
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occur. SWOV believes that such a system is possible even with the present state
of knowledge and current levels of investment.

On this basis, sustainable safety could be achieved within thirty years. Pilot
projects currently being carried out in the Netherlands also indicate that the
transport system with susta e safety is possible. SWOV's forecasts indicate
that road deaths can be re d to less than 10% of the present figure and
injuries to less than 20%, assuming a 35% growth in traffic between 1986 and
2010.

By investing in road safety, the economy receives a return in the form of extra
productive capacity. Investment in road safety costs money but has an economic
return.

For road safety policy to be effective, it is recommended that a legal road safety
impact assessment be made to test the regional transport plans. This is

n because sim including a policy on road safety in the trans
p e is not a suff nt guarantee that the final design will have no adv
consequences for safety. In this way, unacc ble y risks can be i fied.
The assessment will also help in striking ba between the s of

accessibility, the needs of the environment, and road safety.

If this is possible in The Netherlands, then it must also be feasible in other
countries. This could be a job for FERSI, the joint forum of European road safety
research institutes with already twelf member-countries of the EG and EFTA and
which envisages scientific collaboration in the transport field. One of the aims of
FERSI could be to elaborate the concept of sustainable safety, both at the
common level and for each member state, influencing policy makers and
administrators, and so radically improve road safety in Europe.

A recent ment was the setting up in April of this year of the European
Transport Council (ETSC). The members so far are the Dutch Council for
Road Safety (Raad voor de Verkeersveiligheid), the German Council for Road
Safety (Deutscher Verkehrssicherheitsrat DVR), and the British Parliamentary
Advisory Council on Transport. Their job is to advise European authorities on

port safety. Working this organisation will be essential if the various
nal governments are t ate the support they need for a safer Europe.

| \ IC a

r an a

els d

g
safety comes back on the European agenda!
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ANNEX. Summary of policy and measures in the Transport Structure Plan

OBJECTIVE

Reduce vehicle use

Influencing vehicle use

Increasing vehicle occupancy

Increasing road capacity

Organisation

MEASURE

Pricing policy for cars
- raising fuel taxes
- raising road tax
- rush-hour sticker
- parking fees
Teleworking
Planning policy
- conditions for business location
- fewer parking places
Public transport interchanges
Cycling policy
Promoting public transport

Redesigning urban areas
- residential areas with low car density
Staggering-commuting/shopping/delivery
times
Traffic management
Suburban public transport
Train taxis/teletaxis
Parking policy
Urban freight distribution centres

Higher load ratios on commercial vehicles
Freight cabotage

Car pooling

Rush hour buses

Traffic management
- control and signalling systems
- ramp metering
- interchangeable lanes
- limited access roads
- electronic route information
- incident management
- radio traffic bulletins
- fog warnings
Traffic management target group approach
- separate lanes for commercial vehicles/
car pooling/bus/taxi

Transport regions
Legislation

- planning regulations

- road planning act

- town plans/land use planning
Finance

- Infrastructure Fund
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Siem OPPE SWOovV
Institute for Road Safety Research
Leidschendam, The Netherlands

PO / ANDL TA OF ACCIDENT ANALYSIS

1. Introduction.
experience tr safety, safety
in this rese e iences resulted
S more practical viewpoints on research

rs in the process of traffic safety

research.
nd the t and to
affic sa was not
also the on why so much of the safety
stics. Th statistics are not collected for
, but to monitor the process of traffic dev ent and its safety

this basis the safety problem in general was and many specific

actions and to decrease the uncertainty of
n uneasy position. He becomes an advisor
ledge of results to check the scientific value

al value.
t ugh there has been a lot of progress in the
r in traffic safety research. Most of the well-

ore practical than scientific value. E.g. the
1 and 14 years is most liable to accidents",
hardly any scientific value. It is a call for
?" It is not a fact that originates from a
hypothesis about their causes, but at most
ry to the ordinary scientific approach.

a in the world. Each particular ce

ed its o t of study. Scientific r ch
tion of this object. From reflection on these
why the observations are as they are and to

ns.
Traffic y continuously asks for social a n, alth h at the individual level,
practiti and researchers are rarely confr with a ents. Contrary to regular
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p c ety s r Iy

th arch, t he
ta e This a on
of object itself but on data has often been collected consi bly long after the
ac nt took place. In this res traffic safety research is more lar to the science
of history than to the natural nces.
From this lack of direct obse ion of accid
ntin s abo
For u ion
at a c vide

information used to explain the accident will
studies also cannot recollect all the data th
about the occurrence of the accident.

For a car-car accident, that was recorded on video at an urban intersection in
the N , between a car coming fron a minor road, colliding with a car on the
asked:

the minor road, suddenly accelerate after
e car from the left at the main road?
Was it because the driver was preoccupied
im the
he le by the
cor C ed. At
ent re bicyclists or pedestrians present to distract
his attention at the regularly overcrowded intersection.
s i in s will be r d
le ot r by pth ati
p nv d min the he
that may have been important left without a trace.

It is ly poss to ve traffic behaviour r the most relevant condition of an
acci occurri be accidents are very events, given the large number of
trips.

Given the new video equipment and the recent pments in automatic incident and
accident detection, it becomes more and more ¢ to collect such data at not too
high costs.

Additional to this type of data that is most essential for a derstanding of the risk
increasing factors in traffic, it also importint to look at traffic behaviour as a
reference base.

The question a the possibi limitations of accident analysis is not lightly
answered. We ot speak un sly an . ysis
covers a w range of activities, o ad n and
based on d nt sources of infor n: ank d tion
from other sources, specially collected accident data, behavioural background data etc.
S, to |
f th are
i , S e pr
research activities.

The follow  steps should be dis hed:

- dete n of new or remain ety prob

- of ts in ch eristics;

- so c and suggestions for improvement;
- nd S measures;

- evaluation of measures taken.

Al this cycle can be carried by the same pe or group of persons, the
pr has a different (political/ma rial or scientific) ground at each stage. We
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will describe the phases in which accident analysis is used. It is important to make this
distinction. Many fruitless discussions about the method of analysis result from ignoring
this distinction.

Politicians, or road ers are not rily inter din | accidents. From
their perspective ac are often tr equally, ause outcome is much
more important than the whole chain of events leading to each individual accident.

, a fi safety

ead to an
i ac ent, to
. The politician wants only those details that

h decr in
o but to n
is d its tic n

acc t analysis is looking at (sub-groups of) accident numbers and their statistical
fluc ions.

This is the main stream of accident sis as ed in the area of traffic safety.
Therefore, we will first describe these ts of a nts.

2. The nature of accidents and their statistical characteristics.

The basic notion is that accidents, whatever there cause, ap rac ng to a chance
p . Two simple assumptions are usually made to descr this ess for (traffic)
a ts: ’

- the probability of an accident to occur is independent from the occurrence of
previous accidents;

- cu of .
If thes as on distributed.
The fi su d ccidents are rare events and

accidents. In some cases where there is a
of cars run into each other) the series of
ted accident with many cars involved.The
asualties are often related to the same
umption does not hold.

The second assumption seems less obvious at first sight. The occurrence of accidents
y.
al
p
re
distributed. The Poisson rate for the sum of these periods is then equal to the sum of the
Poisson for these parts.

The ass on that really counts for a comparison of (composite) situations, is whether
a
S
e

en g

Th n

ob S

values). Probability theory can be used to
ption, given the two observations and their

mean.
isti I. The on assumption is investigated
es a vast of empirical evidence.
en o find out whether differences in observed

numbers of accidents suggest real differences in safety. The main purpose of this
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pro e is to detect diffe sins This be a diff ce over , or

bet different places or een di t con s. Such d ences m uide
the process of improv nt. - Because th n to nu of
accidents, such an ana may lead to the p as t.
fo a th fa nts
rg n . ny I s an
ss s hin d this
a r of id at a

particular location is higher than average.

The pro e ibed can also be used i
number ar stics to find promising s
th P
ed (o]
) cu e c e, i.e. for different son
parameter, the probabilities for all possible u must be uted to a the
test.
In p e, this is necessary the numbers are large. Then Po
distr n can be a ximated by al distribution, with mean and v ce
to the Poisson parameter. Once the mean value and the variance of a Normal distribution
are given, all tests can be rephrased ms of the standard Normal distribution with
zero mean and variance one. No ¢ tations are necessary any more, but test
statistics can be drawn from tables.
Po is ev
us ing. all
s if th al

taken over the computations, the labour inv
limitation any more.

Th is r wh d i Ifan

va es d Po . other

Po n e be c sson

in ga results in a particular outcome. For many replic ns of the p s,
di nt es are found, that together follow the Poisson distr ion. As said e,
the sum of sson out for all the variables together in each ication is also
Poisson dis . The ou for this sum for the replications tog r follow again

a Poisson distribution.
If a sum is known, then the outcome for each variable is restricted (for each variable it

can never be larger than this sum). In such we speak of a c nal ribut
what is the probab of a icular m a (Poisson distr va e, gi
that we know the ( son buted ?

This conditional distribution turns out to be the well-known multinomial distribution.
It is the distribution that describes the placement of a fixed number of balls (accidents)
over a fixed number of boxes (accident conditions), each with its own probability of

ting a p babi n
ameter th for
s multi ial ays i
outcomes of questionnaires. The numbe
distribution of responses over the response c
the Poisson distribution, tests that are bas (o]

test, used in testing accident outcomes, is

ist ed objects. Mu mial tests are also
nu rs are large eno an approximation
tion. The Chi-square test is in fact a test
iables. In case of small humbers exact tests

small, also exact tests will not do.

ccident numbers is one of the most applied
ption to be made is that the Poisson

ity for the row and column to which
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this cell corresponds. If this is true for all cells, then the row and column variables are
independent and cell-entries do not add ma The Chi-square test is
) r nd mn counts.
as not popular with researchers, until the
after the extension of the Chi-square test to

3. The use of accident statistics for traffic safety policy.

The testing procedure described has its merits for those types of analysis that are based
on the assumptions mentioned. The best example of such an application is the

ry Y T, I n
ar I ¢ to
th e e ts
in n nd
r S dis n alue
t t ith i ions
a ew is a
ac that concentrates on the description of such trends.
s out by Smeed 1949. We will discuss this type of
in r.
r area of application is the ion of the total num of acci
ng to aspects of interest. The in general is not restr d to the
num of accidents, but comparisons are be groups of a s. The
dom t technique for this kind of accident is i ingency table is. The
cation of a Chi-sq analysis to cont tables is already ned.
h comparisons, if d on absolute n are generally res in their use. It
is not interesting to know that more accidents happen in daytime than at night, because
to know whether a trip ght is more
. To make a sensible arison, one
t; therefore, the accident numbers must be
risks.
A main break through in enc e analysis t place at the end of the sixties
and the beginning of the ies. it was rea that the multiplicative model,
uld b d as a linear model of the nts.
, wh linear combinations of ob random
r mo The nicest generalization is found in Nelder
an n (1 , ction between (1) the (I ) model de
on , (2 relates the dependent ble to the
de (3) e takes care of the stochastic variation in the

model. Different choices lead to different models, all united in the context of general
linear models.

There are a number of standard textbooks availa log-linear analysis of contingency
tables. Their application to road safety is treated scher 1981,

ontingency table analysis:

squares were replaced by one analysis
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us for road sa
users, number

especially n
time, num f
often necessary.

in
Sis
lysi

g of the Chi-
on the row-

timation. E.g., the partiti
inear or quadratic restra

ds.
is
a of
ti is
ges. sen an
A co r pr PM,
is av at De

The accident analysis at this level is not explanatory. It tries to detect safety problems

that
The

ttent
ion n

model also lose its practical value.
[ 11
bl st
s to
the two fundamental concepts of traffic saf
Netherlands are given in figure 1.
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ed consists of accident numbers, to
e risks and to find

e total amount
or (groups of)

two of the p His roach
ies in t number orrec these
nd car park figures. And although Smeed
n an empirical relation, there was a strong
tions.
a lot of criticism, se it was
r the relations and t that were
sary to justify a model even at this
ibe the decrease in accident numbers
is fact justified the criticism and made his



Figure 1. Observed and expected vehicle kilometres (1a), fatality rates (1b) and
fatalities (1c) for the Netherlands from 1950-1991.
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The model is able to cope with the increase in accidents before, as well as with the
de m

ris tl

ex is

co rni

functions. It is the end product of a large number of collective learning events. In the

beginning there is a lot to be lear but the number of learning events decreases with

time. Given a constant learning city, 1 rni tis ay
ion for the number of learn events co ing A
amount of evidence for ex  ential | as the it

is found in the psychological literature.

e
c
d
d
population g per age category, were used to make ctions. These predictions
were then ¢ ed to target values for each group as a at in the national safety
programme for the years 2000 and 2010.
2. WS of acc
er th t or er w
va It | ily use
not for the older ones (Oppe 1993).
- age 0-14 years 11 age 15-24 years
E :
«n
@ "]
%9
«0
m
xm
L] ] e e m ] o0

nan [LV1}

age 65+ years
age 50-64 years

1aas

Figure 2. Observed and predicted numbers of hospitalized victims for young

bichlists (2a and 2b) and older bicyclist {2¢ and 2d) in the Netherlands, together
with target values for 2000 and 2010.
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The ex show that an dent a [

on the re of the pro . The h

any s fic influences. From re 1c, in S

using amount of motor v e kilometres as a measure of exposure, and the two

parameters of the exponential curve for risk, it is seen how little of the variance in
nt n rs remains to be explained by other rs. The total hardly
any else but the total effort of society as ibed by the e tial risk

reduc er time. The disaggregated figures show much more variation, that need not

all be stic noise.

ral attempts have been made to explain
level, using all kinds of variables other
ariables (e.g., economic factors such as fuel
loyment etc.) are again related to exposure
o cover particular risk related factors. An
n in the special edition of Accident Analysis

se studies, Partyka r that initially

found a ra good descript on the.b s of this type of exp ry var es, but
that the m failed to desc later ser  of data. Gaudry 1984 claims to have found
in Qu on the of a large

ng, his achis s The model

Its weakness seems to be the large

opinion that this type of explanation is not
The disadvantage of explanatory models as
based on a description of relations between
dation. If relatively many variables are used,
eems to explain the fluctuations, but still

p number of acc ts, based on data up to, or
n t show large ations. As in the case of
c s is to make a ion of traffic safety up
beginn of the ies, and to use the model ters together with the
atory v bles to t the number of accidents after that period, up to the
S.
u bles are used which predict
(e ety effects of all meas n), nom
th s from the second half of the seventies
is, ent alysis at the hi level of aggrega can
de tra safety develop , but can hardly sed
pm sal ms.
Similar attempts have been made to show that particular safety measures were effective,
e.g. by app a kind of t series ana e
1c. shows difficult it be to det I e
ex based a e
ex y addit 0 (3 ts may
be from t al . ibilities
T of the

is supposed to be found for car occupants
e researchers claim side-effects for these
ur of car drivers may increase if their own
a short period before and after the initiation
igure 3. shows such a result for the U.K.,
Durban 1986). Application to the Dutch
because the safety belt law effect was
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confounded with a number of other safety measures taken at the highest level, such as
an alcohol law and a general speed law.
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Figure 3. Example of a time-series analysis to detect a safety belt intervention
effect, according to Harvey and Durban 1985.

4. Accident analysis for research purposes.

Traffic safety research is concerned with the occurrence of accidents and their

uences. one might say that the ob of rch is the accident. The

hers int ver is less focused at this lo e itself, but much more

at ce [ not i c er to

re cr t is ob s Y p n the

st he S ults id s | ce is
r t res e

n c nt, il to rect ces

e g nb r us s, a the

circumstances, the c¢haracteristics of the veh
As such this is not unique in science, there are more examples of an indirect study of the

obj f rese

Ho r, a nd difficulty is, that the ct of re h cannot be ed.
rch led e ments is possible for as of
for

of and lack of systematic control make it very
difficult for the investigator to detect which factors, under what circumstances cause an
accident. Although the researcher is primarily rested in ess ng to
accidents, he has almost exclusively information a  t the cons the uct of

it, the accident.
Furthermore, the context of accidents is complicated. Generally speaking, the following

aspects can be dis uished:

- Given the e of the traffic system, traffic volume and composition, the
manoeuvres of the users, r s, the weathe ions, condition
of the road, the ve s, the and their inte , acc ts can or
cannot be prevented.

- i (o] ct su he speed

' o] ad and their
ti re les re or the

material damage is more or less substantial.
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eptual frame is the general

S of individual users as well
In the mathematical formulation of risk we
ns
bil
th t.

ns of accident characteristics, to find critical
ed out at the total group of accidents or at
e unit of research, but also a road, a road

tc.

sis of relational data, because the various
ent from each o . e, speed, road
Analysis techn S d take these

Sometimes the data are collected in multiway contingency tables and analyzed with the
contingency tables. The model structure of
a

Yy
to
a
y be misleading (see Oppe 1992 and the

correct for such intercorrelations, but the

e ents do not app s. A
li odel, then a reg e of
n le an is. GLIM d both
The n type of r an is is used by TRRL (Maycock and Hall 1984), to
find ions of ris for ous types of roads.
Leiden State Unive that are specially
(Gifi 1990). A com on between these
d e 1
tis S-S
of | T RE es be
nal . en ob ms. For a further (causal) analysis of such
re r ce
this r on.
on a i der
[rail/ a ent
ny attempts have been made to borrow in-
y this
t, the
enefit

e, the accidents are of a different nature. In
time is available for critical decisions to be
profes als. P
red so t they

al and er che
but also on rail or at sea, technical failures
effort is put in the resp ibility of the hu invol from the tactical level
of actual mano the stra ¢ level of monit the p SS.
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In road traffic the situation is completely different. The driver has to carry out most tasks

h s h
S ion
h by
c

Recent developments in |
telematics as in PROME

limited.The use of accident analysis for the
of acci analysis b
vioural s s, is the - d

but only for systems that are implemented o

Although the in-d acc 1 study as

to use for road t , m attempts
studies in that area as well. These studies
focus on the outcomes of accidents, either

the accidents and less on the outcomes.
In all these studies the aim is to reconstruct

a il
e i a
(3
studies, such as those carried out by INRET
es
of
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w
accidents. Behavioural studies will giv
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rec th
m is
dent p ss may tell us which S
of co I. It may also tell us information is necessary to reconstruct an
accident.
and ar is in my th st
With nf ation it is os to
well d n from (i a nt
studies.

analysis and evaluation.

The idea is to select and improve those locations (road sections or intersections) in a

ar s of ar ous.
tal of n rs is often n as the safety
n. , th rs r low and t re they give no
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reliable estimates of danger. E.g., for a location with nine accidents on average per year,
it is not very unlikely to have yearly accident figures that range from three to fifteen. An
ordering of the locations on the basis of such small numbers is rather unstable, and
locations will be selected that are not particularly dangerous, while much more
dangerous locations are left out. This need not be a serious problem if the procedure is
carried out at a yearly basis, because then the dangerous locations will show up in the
end anyway.
Increasing the number of accidents by extending the observation period to three or five
years may be a solution, but then the assumption is that nothing is changed over that
period and that the past number of accidents still is a valid estimator for the number of
expected accidents at the moment of analysis. Also increasing the number of accidents
by using all accidents, including material damage only accidents, may have drawbacks,
because the degree of registration for this type of accidents is very low and also
If the set of locations is homogeneous and/or the accident type is restricted,
not be much of a problem.
Sometimes the problem is solved by using conflict observation techniques, to find out
whether a location is dangerous or not. This procedure, if carried out by trained
observers, has a number of advantages: the observation period can be kept rather short
and still representative; additional countings for exposure can be carried out for cars as
well as pedestrians and bicyclists and preparatory accident analysis with regard to
infrastructure and behaviour can be carried out by this systematic observation of
ordinary traffic flow. Critics of this approach point to the fact that conflicts are no
accidents and that it should be proved first that they can replace them. This argument as
such is correct, and much effort is put in showing this, but these critics often forget to
be equally critical with regard to the above mentioned problems concerning recorded
accidents.

A second problem is, that these absolute numbers are not the most appropriate criterion,
because they do not measure the risk for passing such a location. To measure risk, a
correction for exposure (vehicle kilometres driven or encounters between road users) is
necessary. This type of information is often missing. This is one of the most important
reasons for choosing the absolute number of accidents as a criterion. It decreases the
effectiveness of treatment further, because many locations with high numbers of
accidents will be highly occupied (inter)sections probably already with a high quality
design. Further improvements will be costly and therefore less cost/effective. A
reasonable criterion seems to be the percentage of risk reduction per unit of money,
times the absolute number of expected accidents.

The most difficult part always is the accident analysis, in order to select remedial
measures. Accident data are far too restricted for these purposes. There is little or no
hope to find regular patterns in the accidents. Each selection will be mixed with other
selections and soon result in one, two, three examples per selected combination, e.g. for
the most basic selection according to conflict type, age group, weather condition, time
of day.

As said before, the available information from the accident records is also limited. A
mixed procedure, where locations for potential treatment are selected on the basis of
accident records and investigated by additional conflict and behavioural analysis seems
the most efficient.

The last problem to be met, is the evaluation of safety measures. Apart from the fact
that accident numbers are too small to find reasonable effects of measures per location,
there is the statistical problem of the regression-to-mean. If all locations were equally
dangerous, then the actual accident numbers for a particular period would still fluctuate
by mere chance. An ordering according to the outcomes, followed by a classification in
classes for low, medium and high accident numbers, will show an average increase, no
increase and decrease in the next period respectively. Because the classification was
based on the differences that were caused by chance only, the expected outcomes are
the same for all locations within the three groups in this second period. The group of
selected locations will therefore on average show a decrease in accident numbers, even
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when no actions are taken at all. For examples of this effect in actual situations, see
Hauer 1986. There are procedures to correct for this effect (see e.g. Maher 1990). It is
also possible to test for homogeneity within a group of locations. If the variance of the
accident numbers is larger than the mean, this is an indication that the Poisson
parameters differ from each other. The negative binomial distribution describes the
accident distribution better in this case.

An alternative approach, based on the analysis of the characteristics of all the locations
together, that circumvent the small numbers problem as well as the regression-to mean
problem is given in Oppe 1982.

A before and after study on the basis of behavioural observations or conflict techniques
both carried out after selection, need no correction for the regression-to-mean effect
either. Such an evaluation in terms of behaviour has also the advantage that the
intermediate variables which the safety measures are supposed to change can be
checked for their effectiveness. E.g., if speed reduction measures after implementation
do not show any effect on the observed speed, then an evaluation of the safety effect
by means of accident reductions is superfluous.

5. Evaluation studies.

The last area of accident analysis that will be treated is evaluation research. Problem
detection and problem analysis, as covered in 3. and 4. may be carried out rather
independently. As we saw in the last example, this is not the case with evaluation. Here
the two approaches meet. Evaluation is carried out to prove effectiveness of safety
management, but also to test the underlying assumptions on which the applied measures
are based. The safety manager is primarily interested in the safety outcome, as measured
by accidents. The researcher in the intervening variables the changes of which are
assumed to produce this outcome. We gave already some examples in which especially
this process evaluation is important. A detailed treatment of this issue is without the
s%ospe of this paper. An excellent overview is found in the proceedings of "Evaluation
1985".

A complete review of the possibilities and limitations of accident analysis for product
evaluation will also lead us too far. Haight 1986 and Hauer 1986 give detailed
treatments of methods to be used. A recent overview of the most important issues for
small scale evaluation projects is given in Oppe c.s. 1993.

Two examples of possible pitfalls will be treated here, because they are rather specific
for accident analysis, relate- to .techniques that are widely used and to limitations
mentioned before.

The most simple example of an evaluation is the test of the hypothesis of no-effect (no
change, no difference). Simple a test of this kind may be, both conceptually and
statistically, its simplicity is its main pitfall. We will illustrate the necessity of a sound
theoryland experimental design as fundamental conditions, by means of a theoretical
example.

Table 1 represents the imaginary outcome of an investigation regarding the effect of
safety belts. In many studies we find the results reported in a number of two-way tables.
Inspecting this table, it is obvious that there is a highly significant interaction- between
the use of safety belts (A1) and the probability of having an injury (B2). We can even
estimate the effectiveness of safety belt use and compute error bounds for this effect.

Al: A2:
belts no belts
Bl: no injury 91 20
B2: injury 14 51

Table 1. Relation between the use of safety belts (A) and seriousness of accidents (B);
theoretical example.
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How if t 1 turns out to be the aggregated t of the two sub-tables in e2

acco to | or urban location (C1 and C2 r ctively), then we are con ted
with a serious problem. The conclusion drawn from table 1 does not count for either of
the two es. The safety effect on ts turns out to be an artifact of the
relations n the location the use of belts and of location and injury. Of
course is a theor al example (we are not seriously stating that safety belts are
ineffect , butitillus es how wrong obvious conclusions may be.
c1 c2
rural urban
Al: A2: Al: A2:
belts no belts belts no belts
Bl no injury 90 10 1 10
B2 injury 9 1 5 50

Table 2. egation of table 1 according to variable C; the interaction between A
and B dis .

The conclusion should not be that we have to investigate three-way tables instead of
and to understand its (possible) structure,
confirmation should be based on a sound

ions with other variables to be of influence,
n or else our analysis, in order to take these

The next exa rns design problems. Imagine that table 3 results an
investigation o i in relation to characteristics of the location, showing t fect
e

T1 T2 T3

L1 20 5 3
L2 2 15 1
L3 3 7 25

Table 3. Number of accidents for road types (T) and types of lighting (L).

inistr er strict Ccy re the installation of

g on ad (prefe g the ations T1-L1, T2-

y eff i c t ng

ab he safet ct of com these n g lly
sp over all of roads, fectc d p its
ex as of structural zero's, is a serious em in
co a lysi speaking, it can be solved by of a
co e, s & modification ne ry for the analytical
section 3. This em also clarifies the

es over contingency table analysis for this
etails, but we only want to state that a
ng significance tests to evaluate effects.
analysis to investigate the structure of the
cture of re 3 a large number
y problem i ion.
In laboratory experiments a lot of effort is put in the design of the study, in order to
control the experimental and control situation. In traffic and traffic safety research this is
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hardly ever possible. However, although we cannot control the situation, this should not
mean that we have to ignore the possible effects. In many, highly dedicated log-linear
analyses this design problem is seriously overlooked.

6. Summary conclusions:

espe a nati | re the
ring f acc op of
ve s ts, th f o] r the
(product) evaluation of long term and large scale safety measures.
The applica of accident analysis is strongly d for probiem analysis, prospective
and retrosp e safety analysis on newly devel traffic systems or safety measures,

as well as for (process) evaluation of special short term and small scale safety measures.

There is an urgent need for the analysis of accidents in real time, in combination with
background behavioural research. Automatic incident detection, combined with video
reco of acc may soon result in f ly acce le ch. This type of
rese may ev ly lead to a better un ding of c of risk in traffic
and to well-established theories.
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I. INTRODUCTION

examine the e for a ro
di ad safety sit iven point
ai either at the the local
to s how these met ical tools can confort other, a
theo al and a practical int. Although the use of nate or I tal

approaches to those traditionally based on accidents is the main focus, accident
analysis has to be considered as a reference and an integral part of any safety
diagnosis with an operational outcome.

The paper is based on scientific findings from road safety research as well as on

cal experience, gathered in field ies ied out at I and the local

in European and in less motor co es. As a it admits the
principle of an integrated approach to road safety management, which was first
proposed by OECD in 1984 and has been further developed by INRETS since.

The point of view offered here is that of a road safety engineer who has
repeatedly found through field experience and research that hard sciences need the
counterpart of a human tist approach in order to contribute to realistic road
safety policies and an in-d understanding of the problems at stake.

/l. A FRAME THE INTEGRATED APPROACH TO ROAD SAFETY

In most countries, very visible improvements of the road safety
situation were in the 70's and the early 80's, mainly as the consequences
of broad regulatory measures taken at the national level, with the addition of more
localized measures such as blackspot treatment or pedestrian schemes in urban
areas. But then, the trend stabilized: it appeared that new approaches to road safety
management and the design of preventive measures were required in order to further
reduce accident figures, and that these could only be based on more comprehensive
kno n Y.

od of " ", in which the
vari u improv atory measures,
education, etc.) were kept separate and the new safety measures were implemented
more or less as they came to the mind of specialists in one area or another, a more
rational way of producing national road safety programmes was recommended (OECD,
1984), based on the fact that road accidents result from multifactorial processes and
that preventive sures ing the traffic, vehicles, or road-users cannot
really be consid as in nt from other.

In-depth road safety studies carried out in some less motorized countries with a
fast growing accident problem, such as Céte d'lvoire, Niger, the Philippines or some

o tern that t solutions had to be found in situations

e trai onal i ructures were still quite inadequate, and
moreover, the ressources available for road safety measures were very limited. Such
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situations were also found to require a global approach, that built the different forms
of safety measures into an action programme, so as to avoid irrelevant measures,
redondancies and lack of consistency (Muhirad, 1987).

In the late 80's, urban road safety studies and policy-making, particularly in

European ¢ took a ar orientation, partly b localized structure
operations ot treat , route improvement, rian preci etc.) or
| publicity campaigns, gh b g some pro , of limited scope,
partly because it was that y measures acceptable to the
road-users (and more easily financed also) when included in wider policies aiming at
li t

u S. e

p bl

n bl

treated jointly with accident prevention.

Whatever the country or the city considered, the main goals of a comprehensive
approach to road safety management can be detailed as follows:

a) to get some control on the development of transport and traffic systems in order
to avoid creating malfunctions that could later produce accidents;

b) to prepare remedial action in connection with actual accident problems, identified
through objective studies;

c) to select or design safety measures only to influence some of those particular
elements of the transport system which have been found to contribute to the
main accident problems, in order to ensure the relevance of the measures by
logical construction;

d) to coordinate planning and implementation of complemental safety measures with
a view to increasing their joint effects;

e) when possible, to coordinate design and implementation of safety measures and
other measures that may include or support them;

f) to avoid as much as possible redundancies and/or contradictions in road safety
programmes, or between safety and other programmes related to transport and
development;

g) to make the best use of past experience in other cities, countries or regions of
the world, after checking its relevance and possible adaptation to the conditions
in the country (or the city);

h) to contribute to produce relevant knowledge by following up the effects of the
measures and policies implemented in the country (or the city);

i) to set up an adequate institutional organisation able to manage road safety
according to the above requirements.

The comprehensive approach advocated has been termed "integrated safety
management”, as, at some points of the study and decision-making process, safety
measures of different kinds are considered together and compared, and trades-off
discussed; in addition, safety measures may in some cases be integrated into wider
management policies.
~ Clearly, goals b) and c), which induce "corrective" safety policies, imply that an
objective and detailed diagnosis of the safety situation should be performed, so as to
identify the best targets for remedial action (accident types to eliminate, categories
of road-users to protect, hazardous locations or areas to treat, etc.), and to analyse
the processes that have led to such accident problems. Goal a), one for "preventive"
policies, requires extensive knowledge as to what configurations of the transport
system are the most likely to produce accidents, a knowledge that can only be
acquired through comparing diagnoses of real situations such as those necessary for
corrective policies. Goals g) and h) suppose that evaluation studies are systematically
carried out following implementation of road safety policies (or elements of them),
and a thorough diagnosis of the initial situation is a necessary starting point.

Finally, goal e), relating mostly to urban policies, associates road safety and
other fields, and the initial diagnosis as well as the final evaluation are bound to be
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based, not only on safety indicators, but also on the relevant variables describing the
associated fields (Bigot et al., 1990, Faure, 1991).

The components of a detailed diagnosis aimed at supporting integrated safety
management are discussed in this paper. Presentations of other requirements and
specificities of the integrated approach can be found elsewhere (Muhlrad, 1991, 1993).

lll. THE COMPONENTS OF A C VE ROAD SAFETY
DIAGNOS/S
In gra s, as
needs, ac nd the
have di bri entary
address them and get t to them, and the study of the psychological context of
unsafety and remedial which has a bearing on the acceptability of different
types of measures.
ch he v ly t Yy ly
stud bu w T g at s an
ont met o u o a bri de

as examples of what can be done.

One should be aware that a safety diagn carried out in a particular situation
does not have to include all the elements su  sted here: a selection needs to be
made according to the problem at hand and the goals fixed for action. Accident
analyses thus play a fundamental role in outlining the main characteristics of the

safety m and def the s of additional investigations.
it also be n that of the author's experience in comprehensive
taken p in d ping countr where the and ressources
not the : the oach can th fore be cons d as reasonably
n.1
For practical purposes, accidents and their consequences are usually considered
as the of a safety level, either existing or to be reached. Clearly, for
the pra acci which were not reported to appointed agencies or were

not recorded never existed. For the researcher contributing to field work, accident
history indicates the lower limit of unsafety and is not the sole predictor of future
risk; a p qu to any safety nosis is therefore to examine the quality and
compreh ve of the acciden a available, looking for various sources of data
to compare, in order to assess how far the apparent (or measured) safety situation
may be from real facts. Given reasonable satisfaction on this point, past accidents
are studied as the outcome of malfunctions of the road and transport system, in
order to get a lead to these malfunctions and subsequently design corrective
measures. : S

Recent scientific approaches have converged on a multi-factorial concept of
accidents, which are considered as the product of interactions between several
factors related to the personality and behaviour of the road-users involved, the
design of roads and road-side environment, as well as the design and maintenance of
veh . In such a m approach, any acc that occurs has been the t of
ac ination of rected human and t cal failures, identifyable the
event, provided the latter has been thoroughly documented and appropriate analysis
methods are used.

- Although, for justice purposes, traffic police and law courts are usually only
interested in finding out one road-user responsible for the damage, and therefore in
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highlighting one human error, it is k f mp
which is useful for accident prevent d nu
action from which to choose. It is theref a nal

details, in order to identify as many as possible of those failures intervening as
accident factors and their mutual relationsh

From a practical viewpoint, not all fail
process can be acted upon, as some are
for example), and .others do not yet
consumption for example). In a diagnosis p
prevention, such accident factors will therefore be discarded, and only the
con able failures in the var nts of the m ity sytem (roads and r
env  ment, vehicles and tra s) that have vyed a part in the acci t
generating process will be retained. If the analysis is reliable, the elimination or
neutralization through appropriate measures of any of the factors contr to an
accident should be sufficient to ensure tat similar accidents cannot h in the
future (Ferrandez et al, 1986, 1991).

Following these lines, a safety diagnosis, whether aimed at supporting national
road safety policies, local programmes, or infrastructure measures more limited in
scope (such as blackspot treatment for instance), necessarily includes two steps of
accident analysis (Muhirad, 1987):

a) problem identification: assessment of the size of the overall safety problem in

analyses of idents and t consequ using the existing nat or local
files when lable and re e, or rep ative samples of data can be
checked for accuracy and completeness.

b) problem analysis: identification of malfunctions in the road and transport system in

sample of accident cases will be requi data is obta from detailed
investigation files such as those provided in t countries by police or by law
courts, sometimes by insurance companies, at least with regards to the most
serious accidents; accident cases are selected for study so as to obtain acceptable
representativity of the main target groups.

Fin from such accident analyses can only be valid as far as the objective
data on h they are based is itself valid. In many countries, under-reporting of
accidents is a problem at the national level, which of course sets a limit to what can
be obtained from officially recorded data. Also, when working at the city level or on
an even smaller scale, numbers of accidents considered unacceptable to the
community may be too small in terms of statistics and of input for in-depth studies
for the findings to be significant.

ha e d accident investigation files as
or a in ries with no adequate national
cs. d o conclusions regarding the availability of
data!l
.2
In-depth analysis aims at identifying various f rs in in accident-
ng me sms, that appropriate emedial meas may ully eliminate.
r, the a on which it is base cont ory or not sufficiently
detailed in some areas (in particular, the s n of environmental or road

features) to ascertain such factors in a definite way: thorough analysis will therefore
yield hypotheses as to each accident mecanism, sometimes with alternate
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be checked, and the unrealistic ones
ethods can be used to this purpose.

3 g s is rm
il a out ng
of toe of

er of locations to visit is high; obviously,
e stronger the hypotheses will be and the
ments such as speed checks or traffic
nd information.
matically for local safety work such as
(F 9)
0 a
n '
assess the effect on safety of road standards or typical infrastructure amenities.

.2

So far, it has been assumed that available accident data was sufficient at least

to. e c o] n e
Th a h
a) l s n
of wor t u
ty ms n dev ng p of
is uns y and hor d Sis
requi)res complements obtained throu hoc s ys n Ni G.,
1989).
b) Detailed data on accident cases is not always available, either because the Police
(o} t sy |
a for
p the
exerted of the ple involved
files tha e not cl fied and are therefore difficult to get access to.
c) At the | level, a safety d is, especially when site-oriented, is supported
by are ely small number dent hen data is good and complete,
e nfirm the first hypotheses from
u
have thus been developped in a number of
Eur o] ng rel
rm or as m
ca st tectio
nt in dents” occurring in real traffic situations.
Once rec ct way as accident data in order to
identify f to
It is t where accidents are serious but
scarce, such as air travel, nuclear industry, etc., s s ca out to support
re ly on the anal of i ents, under the
fa ntr

p it
road safety however, field actors have lo
an attitude generated by the (hasty) assim
safety situation. A lot of research was therefore required, both to develop accurate
methodologies and to demonstrate their worth.
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Research on the concept of traffic conflict started in the U.S.A. in the late 60's
and was taken up in England and Swede
Canada, Finland, France, Germany, Hung
International cooperation was set up in
e ated by different teams (Amu na
c d in 1979 as a coordinating b of
A standard definition of a Traffic C
conflict consists in an interaction between
and the road environment) that would shortly lead to a collision unless one at least of
the road-users involved performed an evasive action”.
On the s of this t ical defin operational cr ns of c
were worked by the dif research s to enable f o] vers to
count and describe conflicts in real traffic situations. Obviously, operational

on obj eb by using a measured threshold (for instance a TTC or time-
lision u af limit), or on "subjec " bases by ning obse to use
their own traffic experience to assess the ma  uvres obser (oron a ination
of
SO
se
detection and observation tools such as
ly on ob ve sur

r . s and esp ng
fin a set of test the consistency of observations and reliability of the data
ob ed which set | for the valid use o technique.

The TCTs developed by the various ch teams somewhat differed in each
of t ele s: it was therefore nece to ¢ re the findings ned in
simi ondi in order to finally decide her t conflicts were | as an
operational conc Three Calibra Stu

Rouen, France (1 ), in Malmé, S en (

in order to compare in details the conflicts

in Rouen, ten in Malmo and Trautenfels) on

appl ions | and Shi 1979, G on et al, 1884, Risser and Tamme, 1985). In

addi , ava ion of ¢ t data a st accident data was performed with the

American and Swedish TCTs (Glauz and Baver, 1985, Gaarder, 1985), following a

methodology evolved in Toronto University (Hauer, 1972, Gaarder, 1 . Cal n

studies showed that there was more ag'eement between the diff t tec s
carried out from each set of data brought
s showed that conflicts were a better
ts themselves where these were in small

accidents.
Following the rese , manuals for obse training and guidelin r traffic
conflict studies were ished in several ries, in particular G Britain,

Sweden, the USA, Germany, and France. Several road administrations have either
recommended the use of their national TCT at a deceptralized level (in the USA, for

in or actually it in their own i safety on roads
w cidents are y scattered (as i

Some reluctance to a systematic u been noted in
d e ch gf
S a nt id,
a (o] ut dia
e e development, several research in
particular in the Netherlands (Van der Horst and Riemersma, 1981) and in Swe ve
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started developing semi-automatic techniques based on computer analysis of video-
films.

Meanwhile, TCTs have been widely used by researchers in site-oriented
diagnostic studies (problems at urban or rural junctions, safety in residential areas,
pedestrian safety, etc.) as well as in evaluation studies (new junction facilities, speed
reducing measures, etc.) (OECD, 1982, Biecheler et al, 1985). Other research
developments were the ad n and use of the original conflict technique for use
on board a vehicle in real situation, either to get information on the driver's
behaviour, for instance in assessment of needs or effects or training procedures
(Risser and Schiitzenhdfer, 1984), or to assess the level of safety on long stretches of the
road network. An example of the latter is described in the Philippines case study.

.3

From a general point of view, behavioural observations in real traffic stituations
are a basic tool for research on human factors. Speed behaviour is for instance an

object of nt in-depth st s, and the impact that such res Id
have on s policies incl g reduction measures is obvious (B d,
1 Saad et al, ). as our present pur is not basic research but rather
d osis to su a n, we will here nar the field to practical observation
studies.

- I measures, it is to get accurate
info entified in the ac ysis and on their
inte ¢t the core of the road system, the human
factors are particularly at stake.

when th y
or e , It is d It
perform parts of the diagnosis which ar
surro as conflicts. Alth h the
decis to be the main ure i
, th as dancy, enc n
ed ies, "hard "'s
ro rb A lo ort
parti n be
obta oli
ul ns
ledge of effective road-user behaviour as
SO its de ning f es. Such
of traffic m ope and thus
. It represents a vital complement to in-
ction design, and, where opriate, may
even ensate for a shortage of available information on ac t generating
proce

importance, in order to ascertain whether
purpose of the regulations (Saad, 1986, 1990).

For study is kind, a spe study plan has to be drawn: nt sites
are selec an obs ion chart is d d as well as a recording pro , and a
is a ne use of
. o e ments,
r ic S,
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It is to be noted that, while the profe

Philippines case study.

.4
R safety policies deve d at the li ral
measu ', so called because t contribut th t (in
b Iso nf f fic
a s may not immediate effects on the
i influence users' behaviour and to
acci er
shoul n
it on a n
at
easures aimed at influencing road-users’
to drivers' information and training.
on e
ow s
es lly the targeting of infor n and am ir
co s as of the media to be
Although information on -us

observations but by surveys, it d co
items of behaviour and is such a direct ¢
design of safety measures that we felt n
this paper.

rding to the needs put into light by
dent analyses and ‘infrastructure”

r to the licen
a ps st and th
he di n of driv

as controlled.
The survey brought into light the very heterogeneous nature of both educational
levels and the channels followed by drivers to obtain their license; in order to cater

for p
thr c sa
of d ini

levels of those at whom they were aimed

h o those applied in the survey
S ent of these conseque but the
raise the decision-makers' awareness of
ification of the ac n.
conducted easily on the basis of
ted to each case and local context. The
ata treatment is fast, provided a micro-
computer is available to enter data from the guestionnaires.

72



IV. THE PHILIPPINES CASE STUDY: A C VE SAFETY
DIAGNOSIS BASED ON ACCIDENT AND CONFLICT DATA AND
BEHAVIOURAL OBSERVATIONS

In 1 a team ETS carried out an extensive ty
study in ppi nced orld Bank. Ten months were to
draw a de is of ident situation and to design an action
pro ea

ac nt data s were available. Moreover,
the le lable to the magnitude of the safety
problem or its main characteristics. The time-span allocated for the study was
o ly to to t from s h a co e accident
d llecti em obvious other would be
n and ply
IV.1.

An exploration of all the possible data sources was first carried out. It was
found that:

a) the main hospitals registered all entries, mentionning "road accidents" as one of
the possible causes of trauma; a casualty file could be built on this basis,
indicating a minimum annual number of accident victims, but the file would not
be complete, as a large “of ¢ ties would not be attended to in the
hospitals; moreover, the lities rring on the accident spot or during
transfer would not be recorded;

b) the provincial Courts of Justice held detailed accident investigation reports for all
cases coming to trial {i.e. all cases which were not settled directly out of court
by the road-users involved); it was thus possible to draw a sample of accident
cases from the files of some of the courts, and to analyse them in order to
identify the main causal factors, but the sample representativity with respect to
all injury accidents could not be checked;

c)

covering a period of three to four months would then be available at the end of
the study.

The three types of accident studies were undertaken on a selected sample of

n the

f the

d the

More

investigations would be necessary to support these {Muhirad, 1987).

On the basis of the accident records collected during the first four months of
test of the new statistical procedure in the test-regions, the annual number of road
fatalities in the Philippines was estimated to over 4,800. When checking with
other information from medical sources, the fi was thought conservative. It was
nevertheless much higher than what was expected by Philippino authorities.

Although there were differences between the patterns observed in the two test-

ons n t ms were indicated, both from statistical data
fro y o] es:

a) pedestrians were i ina a quarter of all accidents, and accounted for a
third to a half of ; a of the victims were children up to ten years
o] d to pe pecia
d s | tasks y) co
o ci ; Court files
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drivers did not make much effort to avoid an impending collision with a

estrian, but w r this was du or te
rmation on the gency actions
b) commercial vehicles (buses and truck ho in
one of the test-regions and in a third o ne; e,
singl icle ac con to a loss of control were particularly lethal,
due to the r of er: transported by each vehicle, and to the
absence (or inadequacy) of shoulder;
c) and veh (bicycles and tricycles) were involved in a quarter to a
all a nts, probably more in urban and suburban areas;
d) overtaking man played a part in
25 % of ac on highways,

infrastructure conditions, either head-o
rural roads, overtaking accidents often indicated a parking problem, related to the
absence of shoulder or lay-by;

e) i ro msatj pl a ban d . ch
e en due dr b e re ti he
i n being ind d dis e i eir
e fr
a e d
e r a
u a
ed to be generally underestimated by the
population.
1v.2.
in order to and po y co the tentative findings of the accident
analyses, it was ht that flict rvations, carried out in a systematical
way, would be useful.
The French Conflict Technique was dered for the task, but it applies to
ti such as i pedestrian crossings, etc. and could
a unt for pr s erous g manoeuvres; moreover,
s basis on o] evant ion points (Muhlrad, 1988).
The technique was thus pted, with the ide a cription of behavioural
and other factors play a part in ne caus n all along the road
network.
odifi i e ion
Te has 9 To
su the e on
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Over 6000 conflicts or pre-accident situations were registered in the following three
months. Data was analysed thr computer programmes, and results were
compared to what was found from ent studies.

Findings from the SBOT observations confirmed that overtaking manoeuvres
at the of the largest proportion of a ent situations involving two
les; hea conflicts were the most freq t observed in such situations.
sted by accident data also appeared from

he dangerous overtaking manoeuvres.
ations were found to be, not jeepneys as
cars and buses as shown by accident
euvre was overtaking, associated to head-

also
ha r rved
in s in

accidents and suggest that behaviour of tricycle drivers may be one key to the
problem.

Conflict ana did not bring any info on on hazards to ians:
virtually no pedes conflicts were recorded b observers. It was a that
this was due to a combination of driver behaviour (a driver seldom attempts to avoid
a pedestrian) and bias of the observation technique (a conflict or an interaction was
recorded only if the driver of the test vehicle had to perform an evasive manoeuvre,

ump aside!); this would be in accordance

-depth analyses of Court cases.

provide any additional knowledge as to

ct that the les went through

sedentary o would have been
requested to seize the phenomenon. Other forms of behavioural observations could
partly fill this gap.

IV.3.

Two campaigns of observations were staged, one directly related to the

vehicle and a survey was carried out on
and Sevilla, 1986).

IV.3.1

A ns d r sites e lon inal markings
proh aki sl in an area, in a rban area
and al be n intersection and one before a bend). A

table was drawn up in order to collate data on the types of overtaking and overtaken

vehicles, the motives for overtaking (vehicle stopped on the carriageway, preceding

vehicle slowing down or slower), and the appearance of traffic on the opposite lane
gun its manoeuvre.

rs of private cars (21 %) and truck drivers
ccounted for the highest violation rates on
all sites, while jeepney (or minibus) and truck drivers committed violations more
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frequently in urban or suburban areas than on rural roads (where traffic speeds were
higher).
The violation rate was higher (22 %)

Most violations were observed in

. i
r

i} t
and partly to the of trans t
in urban and sub as. also il

IV.3.2

Observations were performed at six intersections, including three cross-
rvation table was drawn up in order to
I

e

full- (64 %), whereas this was the
e of fic. The result was valid for all
said that bus drivers seemed to be less
other drivers (it would seem that they
).
seem to be associated, in the minds of
pe of behaviour. In fact, they seemed to
ation of the situation encountered and of
ling sr d icularly to ffic,
rather than in terms of regulatory determining f as es d by the ro  sign

played quite an important part.
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IV.3.3 Conclusions

The two behavioural studies carried out in the Philippines brought into relief the
significant scale of non-observance of traffic regulations on the part of the various
categories of road-users (although this tendancy is more pronounced among certain
categories such as bus drivers). The survey conducted in the same geographical area
indicated that non-observance would not be due to a lack of awareness of the

m of road-signs markings, but rather to priority which d gave to
in rules at the nse of formal rules as down in the h y code.
g compl with traffic regulations was there a vital o tive to be
and con ed a priority theme for information training paigns for
road users.

Iv.4,

To co our , it thought useful to ne the traffic
regulations elves con cy. A short investi showed that
there in fact s al se highway code actually in t dating from before,
durin after Mc hy's and that two of them at were behind existing

markings. Thus, ral lane marking indicating a ban on overtaking could be

w or white and i e one or two solid lines. Such a situation is certainly not

cive to the driver preferring rules to his own informal ones, e ially
coming from an area where ing is banned by two parallel solid | and

coming onto a road where only one line is used.
It was also observed that, in urban areas, road signs or markings did not always

a S; a isist ci re a
' no in to ic eets
r -use the ¢ u the

same rules (formal or not) while outsiders are at a loss.
Prior to improving drivers' compliance with safety lations, it was therefore
found essential to update the highway code and put signing and marking in

accordance with the rules, either general or local.

1V.5.
Although the Philippine S study started in a difficult situation where
accident data and other rel i ation were concerned, the association of

several methods enabled us to draw a reasonable diagnosis. We felt confident in
recommending a number of measures including:

a) up-dating the highway code;

b) performing a more comprehensive inventory of the highway network in order to

improve and genize gs signing;

c) adapting the desig e ssary to take care of growing traffic (in
pa g or better maintaining shoulders);

c) de in the larger urban ar where traffic plans
ha

d) organizing safety campaigns, targeted to the purpose of regulations and the need
to ly, and ad ing particularly private car and bus drivers;

e) im driver tra with particular attention to information taking to prepare

overtaking, to compliance to priority rules, and to risk and rights of the
pedestrians.

The whole road safety study lasted only one year, which was made possible by

ofe serv ns
ed ing ral
ce, gs, ch

relied on three months work for nine investigators, were worth the effort; to which
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we could answer that, in a situation where no valid information was at first available
but where it nevertheless unthinkable to prop safety ures without any
objective bac und, any amounts of data recou each were a welcome

ave been to reconstruct the accident data

system in real size, re any kind of (
even this could not ensured that all
the citizens to the relevant authorities!

It has to be noted that in most of the countries of the world where road

acc

vali

has |
he Yy in ny to f t um
ba e ts ddre I . R
of a bs ati rk n ng

which warrants little hope for efficiency.
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Ralf RISSER Fa.Factum
Vienna, Austria

T IS SUS BLE FFIC?
ARE SAFETY, ITY AND LIFE QUALITY CO
TH EACH O ?

Report - working group A

Introduction
In wor group two S presented. In of them (Glaser, A -
Vi ) me s were disc o] to remind the ers that their beh ris
Th p
n co
of ne

Some reflections about subjective risk and mobility

The discussion of subjective risk came up, as well. E.g., bus drivers and bus

rding to resul at
of accident pr
when risk is of

r, in the discussion, the problem was taken up that "ob ve" safety
as "no accidents") can also be influenced positively by the that other
keep out of way or stay at
- ort busses are involved in v

case, but we wanted to take it as an

Conflicting values

i n the conc reflected in
2 rman and pted by the
n

Cc
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a) dealing with values happens on different levels (see table 1: a four-level scheme
was accepted by the working group),

b) and that on all levels different types of conflicts can arise (see table 2: within the
person, and between persons, groups and society).

Table 1 reflects the idea - and so did the discussion in the workshop - that it is more
probable that people easily agree on a r level of the ion (everybody
agrees on the relevance of the values th ves - at least, says that they
should not be considered). Operationalisation, implementation and evaluation are
increasingly more difficult.

Table 1. Levels of discussion of values

Values a eed u on
ual ri ts
rotection and inte ri o human li e
freedom of choice o ecision
environmenta rotection etc. etc

erationalisation of values
How are these values reflected an defined more n detail?

Im lementation

what do you ve to do? How o you have to ave in or er to
achieve these values?

Evaluation
Is a value achieved?

Table 2 beneath gives a very simplyfied overview over different types of conflicts
within and between persons and groups with respect to values. Many of the
examples given further below may imply several of the conflict types mentioned in
table 2 at the same time.

Table 2: Some selected types of conflicts with respect to values

Conflicts between values

Intra ersona con icts
Conflicts between in ividuals inter ersonal conflicts
Conflicts between rou cohorts 1n soc et
Conflicts between individual or ou an soc eta interests

The scheme displayed in table 2 can certainly be extended (both from a systematic
point of view, and from a more analytic perspective). However, in order to
understand the work done in our working group it is perfectly enough to stick to the
conflict constellations that were mentioned in the working group's discussion.

Some and possible solutions
in the discussion several examples for conflicts with respect to values, their
operationalisation, their implementation and the evaluation of situations (e.g., before

and/or after countermeasures) were given. Table 3 (below) reflects these eamples in
a more systematic way.
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Mainly the following conflicts between cells (capital letters) in table 3 were discussed
extensively by the working group:

a) Conflicts between E and P.
b) Conflicts between F and P.
c) Conflicts between | and P.
ad) Conflicts between J and P.
e) Conflicts between K and P.
7 Conflicts between L and P.

Below, those aspects of these conflicts that w discussed in the group and some
recommended, or suggested, solutions will be d  ayed.

Table 3: "Safety and equal rights" or "safety or equal rights"?

Safet E ual rights
Bus(+ river Pe estrians Bus(+driver Pedestrians
+ ssen r +passenger)
Values A) ok B) ok C) ok D) ok
Definition/ Z£) no F) no G)agreeable H)agreeable
Operationa- accidents accidents mobility mobility
lisation
Implementa- 7) 4 /a J) 4 Ia K) 4 Ia L) A Zla
tion (as status quo status gquo status quo status guo
things have
developed
Evaluation M) yes N) vyes 0) vyes P) no
(has v.been
achieved?)

a) and b) Conflicts between E/F and P

res g
Oof Yy
ion t d
¢) and d) Conflicts between I/J and P

n a e
e n o
nt n (3

(3 n des li ev

te . om e s ati

b o tha S he
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B tunnels, streets there strians are with physical means kept from
c , etc., are well known "sa "measures for pedestrians.

ect g
em ly
d t lI’
spa s
would not, at the same t deteriorate y si s
passengers and vulnerabl ad users; an uld if
of pedestrians increases as a consequence of improved comfort and ease.

However, lower speeds of busses have been discussed even more, in the working
group, as displayed below:
e) Conflicts between K and P

All members of the working group agreed that drivers of busses in public transport

ously feel press to drive fast - so lower s would definitely ict
t drivers p bly define as unacceptable with t to travel times. er,
some arguments were presented that could change this perspective a little bit:
It cannot be e ed bus drivers press from the passen to drive
fast - where " spe is equal to ' rt travel time". On the r d, some

members of the working group know of literature that shows that the absolute
speeds themselves are not so important: |
not disturbed by long stops and by frequ

travelling by the passangers.

Another argument was that, after all, bus drivers are "only" car drivers. The

suspicion was raised, , that for them the e
as for "all" other car rs: Rather high rs f s
being low speeds - probably on the con ers n

think of vehicle speeds.

f) Conflicts between L and P

of the discussion is e : ach
, r , and safe mobility a r I de
that it is not necessary to achieve sm S ility

pedestrians, and that other achievements are much more important (e.g., fast
moving surface transport)?

peeds make life easier for pedestrians, at
the same time?

t tures th the
such a ce,
sible otherwise walk under the prevailing
conditions. They prefer to travel in "a safer way", instead.
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On the other hand, for our cities it would be of great value, in many respects, if as
much persons as possible walked (and maybe cycled). It is very probable that car

; e alk o
e n of
f olluti
to cho an say that safety,

life ally
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Wolfgang GLASER AUVA
Abt.HUB
Vienna, Austria

SECURITY AND QUALITY OF LIFE FROM THE POINT OF VIEW

OF ACCIDENT PREVENTION
y traffic is much more a hu lem than a technical one. A flood of
ations have an effect on the . As long as he does not see the real

sense of these regulations, it seems a competition to mobility and quality of life
because he feels himself restricted in his personal freedom.

Therefore we can only pass on information in a useful way, if road users become

d without fee ed”. If we are only satisfied
g icipant”, wa ys be found to annul or avoid
( f sations - tes
An ple of successful road-safety-work is the campaign "apple-lemmon" which
has sponsored by AUVA and KfV. Within this campaign pupils, in cooperation
with the local police, distributed the fruits on certain places along the roads
depe on the drivers' iour. (if the speed limita were
kept) lemmons (if the limit ed) to the drivers. effect

on those drivers is great.

Similar positive experience can be made at seminars with professional drivers and

drivers of emergency vehicles. le have mostly got a high experience value
in road traffic. The reactions o rs are very impressive when the "physics
of driving” and the "dynamic of accidents” are illustrated clearly in the seminars.

All these ities alone will no enough to raise rity on ourr s. They can
only be a of a complex app h. If children, ho r, draw our ntion to our

mistakes, and if we react positively, we reach an increase in the life-quality of us all
without realizing it.
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Christhard GELAU Technical University Chemnitz-Zwickau

Thomas METKER and Ulrich TRANKLE Chemnitz, Germany
C TITIVETAR TIN D OF THE STREETS
DUE TO OF OLDER ROAD USERS

Because of the demographic development in the Federal Republic of Germany, as
well as in other western industrial countries, we must reckon with a high increase of
the older population. Results of our own as well as other questionings make clear
that the car is of a great importance to maintain mobility and therefore the quality of
life for the old. That is why measures which make participation for the old in road
traffic more difficult are to be refused. Future efforts should be rather concentrated
on the design of the road-system so that, in its demand, it corresponds with the
e y of the old. This necessity also ts the (low involvement in
a s in general) considerable risk of rp ngers in the case of an
involvement of an accident to suffer from fatal accidents. A condition for a better
organization of the road system is the exact knowledge of those duties older drivers
hace difficu with (e.g. lex junctions). difficulties are exa d by us
within the e of an e ve research p whose most impo results
should be presented in the report in hand. Furthermore we suggest that with a view
of the needs of older road users one has to take future measures for the organisation
as well as cr of mobility and security from the point of view of the poverty of
demand into nt.
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Kirsi PAJUNEN Technical Research Centre of Finland (VTT)
Road, Traffic and Geotechnical Laboratory
Espoo, Finland

SAFETY OF FFIC
c 70 O N ACTIVITIES

1 Background

The comparison between traffic and other human activities has been made already
in our laboratory. The first time red 1979-1 , the s
1982 - 1984, the third time years 5- and the th time

2 Comparing safety

The safety of traffic can be pared with other human activities only on the basis
of fatalities because the st cs cover almost all fatalities in different areas of
human activities.

When studying only the traffic sector also the personal injury accidents (fatalities +
personal injuries) could be used. The severity of the accidents is however different in
d nt traffic modes. c ing of per injuries is d It bec the
d ions of an injury d SO . Also the rage of the s ics in rent
human activities and in different traffic modes varies a lot.

When comparing traffic and other human activities the measure of the risk exposure

is the volume of person hou rson exposure). In the studies in the traffic sector
also the volume of person kil es is used.

D rent traffic modes were not ¢ red only the fatali caused to the own
tr ¢ mode but also with the fata caused t er traffic es. This is done to

describe all the risks of different traffic modes.

We also estimated the lost living time in the traffic accidents compared to the time
used in traffic.

2 Results of the comparison

n hours and for the traffic also the number
are presented in table one. There are also
nt at home and leisure time in the
domestic air traffic is presented b
d air traffic. In industry the professional
diseases are included in the numbers and the numbers for years 1988 - 1990 are

cal on the b of new industry classes. The es of cars on other
hig and local S were not accessible, thus we not able to calculate
those.
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7 decreased compared with the previous

the beginning of the 90'es.

It can be co d from the number of f ties per person hour k etre
which is the traffic mode. Train and are still safest and p e tion
glid t g t e or d
cle o t han -
7.T e e d
period. But when we compared 198
safety of motor vehicle travels d ed clearly.
The effect of the speed of the traffic mode is clearly seen in the fol ng example.
on kilo S edestrians (7.4) is about ten s as high as
(0.77). n the risk per person hours the risk of walking
nther t by car (40). The faster traffic modes seem to
be safer when comparing the risk by kilometres than when comparing it by time.
hig chisl
car. the a
eav ly the
ic the lorries seem to cause the greatest
da t . m the y 1988 - 1990 the risk caused
by i a il kilome or 179 fatalities/100 million
pe o c tle compared with the years 1985 - 1987.
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Tab_le 1. The numbers of fatalities in different activities and the fatalities per 100
million person kilometres and hours in 1982 - 1984, 1985 - 1987 and 1988 - 1990.

ACTION Number of fatalities Number of fatalities Number of fatalities
: /100x10° h /100x10° person km
82-84 85-87 88-90 82-84 85-87 88-90 82-84 85-87 88-90
INDUSTRY !
Agriculture and 19 13 19 4 6 6
forestry
Industry 73 114 95 2 4 3
Construction 66 61 77 7 7 11
Traffic 46 45 52 6 6 6
Other industry 52 64 60 1 1 1
Total industry 256 297 303 2 3 3 -
TRAFFIC Public
roads
Car 598 644 862 46 44 52 0.81 0.77 0.91
Bus 6 7 3 2 2 1 0.04 0.04 0.02
Lorry 20 12 22 14 8 14 0.32 0.18 0.31
Van 26 39 52 27 32 36 0.53 0.64 0.71
Motor cycle 33 44 48 500 770 1,000 10 14 18
Moped 61 50 61 130 130 290 6.5 6.7 15
Total 744 796 1,048 39 37 44 0.72 0.68 0.81
Car
Main roads (| class) 280 313 420 70 65 76 0.97 0.90 1.06
Main roads (Il class) 76 105 119 57 65 62 0.85 0.97 0.92
Other highways 176 155 36 29 - 0.72 0.58 -
Local roads 66 71 - 24 26 - 0.58 0.62
Streets and private 149 175 193 15 16 17 0.41 0.46 0.46
roads
Total 747 819 1,046 35 35 40 0.68 0.67 0.77
Ages 15-64
Pedestrian 203 208 191 33 37 34 7.7 8.1 7.4
Cyclist 129 105 98 28 28 26 2.7 24 2.2
Moped and motor 102 114 126 183 288 317 7.0 9.7 10.7
cycle
Total 434 427 1,147 38 43 42 4.9 53 5.1
Air traffic
International 37 - 0.06
scheduled traffic
General aviation 19 8 19 4,100 1,400 2,700 20 7 14
Gliding 3 3 3 700 2,800 2,700 45 45 ~45
Total 22 11 22 105 46 71 0.19 0.08 0.13
Rail traffic
Rail traffic, passenger 6 0 0 3 0 0 0.06 0 0
TIME SPENT AT HOME AND LEISURE
(5-64 years) 1986
Men at home, awake 4 -
Women at home, awake - 1 -
Men, leisure time, outside home 30 - -
Women, leisure time, outside home - 7

1) Professional deseases included
2) The average of the intemational scheduled flight in 1982-86.
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It seems to be safer to travel by car along lower class roads (both fatalities/hours and

aller s on the c roads and
acci The safe tr ling by car
0 compared with the previous three year
periods.
d d en e
d e es 1 g
r g - a h
(o] o 990 the safety increased again. The yearly

variation has been big.

The risk of dying accidentally in different

is incomplete the risk of fatality of other
to be as high as the average risk for all
higher than the risk in average.

Table 2. An estimate of the number of fatalities for persons aged 15 - 64 in different
traffic modes in 1982 - 1984, 1985 - 1987 and 1988 - 1990.

ACTION Fatalities/ 100 million

person hours p kilometres

82-84 85-87 88-90 8 85-87 88-90
WORKING
Total 2.5 2.8 2.9
TRAFFIC
Cars, total 26 26 32 0.54 0.55 0 64
Pedestrians 33 37 34 7.7 8.1 74
Bicycles 28 28 26 2.7 2.4 22
Motor cycles/mopeds 183 288 317 7.0 9.7 107
Road traffic, total 30 31 39 0.89 0.88 104
Air traffic, total 105 46 71 0.19 0.09 013
Road, air
and rail tr., total 29 30 38 0.80 0.79 0.96
TIME SPENT AT HOME AND LEISURE
At home, awake 1986 - 2.8 -
Leisure time outside home 21 -
In traffic ared by kilometres es ially going by and cycling
are unsaf avel. Also cycling is a e more unsafe n oth d traffic

modes. When compared by time motor cycles and mopeds are clearly more unsafe
than other traffic modes.

the m 8 - es from - 1987 in
of S cyc d. The of motor
s, C tr has
When the lost living time (the ages of the fatalities in ic accidents substracted
from the average age of the population) was compared the time spent in traffic
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the most unsafe traffic mode was motor cycling. For every hour spent driving a
motor cycle 1 h 37 min of life time was lost.

The safety of work seems to have decreased a little compared both from 1982 -
1984 to 1985 - 1987 and from 1985 - 1987 to 1988 - 1990. In 1988 - 1990 the
risk of accidental fatality was about 4 % higher than during the previous three year
period. In average time spent working is about as safe as time spent at home awake.

The safety of traffic varies greatly according to the traffic mode. In average travelling
was in 1988 - 1990 about 13 times as dangerous as working.

If the difference between sexes is ignored the risk of accidental fatality during the

!eisure time spent outside home is about 7 times as high as the risk of working time
in average.
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Stanley K. KAMAU Department Ministry of Local Gouvernment
Nairobi, Kenya

R D SAFETY AND THE N POOR
The road safety situation in deve count gives to significant concern.
The number of reported road ac s has n incr g over the years. For

example, in Kenya, reported road accidents increased at a rate of 6.8 per cent per
annum throughout the 1980's. This rate of increase is twice as high as the
population growth rate and two and a half times higher than the rate of growth of
the motor vehicle fleet. The number of fatalities and injuries also increased over the

same period at 4.2 and 9.6 per per annum respec . Road safety has

become a major health issue since are now in Kenya than 2.000 deaths%

i S t (o]

| a ra t to

i s | ed

with an cost of road accidents in Kenya es ted to be in the region of US $
125 mil equivalent to 2.5 per cent of GDP (1 prices).

A large proportion of road accidents occur in urban areas. Data from 1972, 1986
and 1987 indicate that around 31% of personal injury accidents and 56% of all

u nt City t I n
ve pede cl e
u ce to w a e
the central and industrial areas in the mornings. Overall, it is estimated that 45% of
t are
y ing
o ere
p
Transport infrastructure facilities for the urban poor have not been provided and
. ks in network has
g walk ck of facilities
af pede ts.
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Joseph Otieno AORO MOPW
Kenya National Road Safety Council
Nairobi, Kenya

CEP OF SOCIETY ON M Ity
AND RELATIVE SAFETY

Human behaviour is a reflection of the needs of individual members of a Society and
the environmental factors that dictate survival instincts. Humans by nature seek
personal well-being first and later considers the wider society. This instinct has since
creation been moulded by the wider society in creating accepted norms, rules and
laws which confer specific responsibilities to individual members. There are thus
expected norms of behaviour.

A society's degradation can be observed when accepted norms are ignored or
flouted without recourse or punishment. Aggressive behaviour becomes the accepted
norm and increasing conflicts of interest become frequent. A society under such
norms is one in turmoil and lacks harmony and national goals or aspirations. A
society's level of education and awareness is a major determinant.

A simile can be drawn on the road traffic situation. Where as there are specific rules
on the usage of roads, the level at which are respected is a reflection of the

. In additio f resp
ined by th n and
$ a comb most
environmental related. Mobility is created when a purpose is defined. Hence, trips are
Il c ain obje
in ps and c se ic int ons and if order and
vai there is lic en r and ony lacks, self interest

come to the fore and shows itself in the form of aggression on the road, lack of
respect for traffic regulations and other users and the result is conflicts of interests
and accompanying accidents. As they say, accidents do not just happen, they are
caused!

Hu i
a) I
b) ribution.

Driver for example will show civility and respect for traffic laws when they consider
the society to put emphasis on order and respect for norms and reward him/her
appropriately. However, the same driver could be aggressive and careless with his
habits when the society loosens, is not responsive to personal welfare and

urages or is relu to pun di  edience.

arly, a poorly rded d r s demoralised and is tempted to show
disaffection or aggression to balance the deficiency. Such is the aggression of
drivers/conductors to over-speed in order to make good for the low rewards.
Environmental exposure also contribute significantly in moulding of attitudes and
behaviour patterns. Pedestrians will be more careful on the use of roads when they
have been given some exposure. Drivers will learn to be more considerate with
continual interaction with other road users. Passengers will learn to be patient and
refuse to be crowded in buses.
Safety is determined when all factors affecting individual members of a society and
their relative contribution to social well-being are defined.
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Farida SAAD INRETS
Laboratoire de Psychologie de la conduite
Arcueil, France

ON N VIOUR
AND IN Cc IN FFIC

Report - working group B

E.J. CARBONELL VAYA, R. BANULS EGEDA & J.J. MIGUEL TOBAL - Anxiety
and traffic safety. University of Va a and versity of M n.

O. CARSTEN - Safety is not n sary sant and p s is not
necessary safe. Institute for transport studies, University of Leeds, Great Britain
R. Van der HORST - Time-To-Collisicn and car-Following behaviour. TNO,
Institute for human factors, The Netherlands

L. MONTORO, E.J. CARBONELL VAYA & P. TEJERO- Alcohol and traffic
accidents. Unit of research on traffic safety, University of Valencia, Spain.

* %

Road users play an essential role in regulating road traffic system. It

ore follows the study of their behaviour and the underlying

ological mech ms is fundamental in any research aimed at increasing
system reliability.

Research into road user behaviour logically falls within the theoretical
framework of Human Sciences. It is aimed at developing our knowledge of this
behaviour and its main determinants, both internal (specific to the individual)
and external (linked to the physical and social environmental characteritics in
which the individual develops his activity).

This research is diversified in terms of the theoritical frames of reference

eptive, ivational, ve theories) and the investigative techniques it

(obser n, experi on, simulation, surveys). This diversification in

research reflects, to some extent, the complex causality networks revealed by

a t , which in turn into question the different dimensions of
h b and their inter

ds r n of

t he i m fy

our n,
education and training, road infrastructure or driving aids design).

Depending upon the field of prop this kno is
red to edge ed by sciences i in
(Engin , Artificial Intelligence, Traffic Engineering,

* * %
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Work presented in session B represents some of the various fields of
investigation developed in road safety
Before presenting this work, it
sessions held at this conference, co
different theories on human behaviour
number of the papers presented make
frameworks, whether this referred to a

again iden ng behavioural mil
(tramway c ing or intersection sing for instance).
* % %
r
f
t
t
likely to improve driver performance in t
(o] th frame of reference. One of the idea
put d of -related measures may be used as a
basi i n ua ions.

To investigate this point in greater detail, two research projects have

ral beh ur ind rs (sp ng distance, headway
and Ti o-Collis were dered ed in different t distance
conditions (normal and impaired).
The discu n dealt essentially with compa s in an ac
situation with th in a simulated situation, on the e effect of s

distance on the various behavioural indicators selected and finally on the type
of information most likely to be used by drivers to adjust their driving.

#* % *

R rch . l., sented by E.J. ONELL & thor
of this er, e le of behavioural ysis, n the
driver's ntio e ing ituation which is known, from a safety
expert nt ew, to be risky, i.e. D g-Driving si ion is focused
onas ific ulation, for which the ems would ear particularly

critical, young people.

c

i

a

n
u ehaviour is used as a framework to
investigate these pr based on the Theory of P dB derived
from the Theory of ed Action (taking into acc an | factor,

Perceived Behavioural Control).
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It was conducted using a questionnaire-based survey, structured in
particular around the presentation of various scenarios where this type of
behavioural intention could arise.

The discussion dealt with the fact that, contrary to initial expectations,
the "Perceived Behavioural Control” factor appear to be a non-significant
determinant of intention with regard to the behaviour being studied. One of the
reasons put forward during the discussion was that this result could be due to
the fact that the "control factors" were not correctly selected. Finally, the
question of switching from behavioural intention to actual behaviour was also
raised.

LE X ]

Research by E.J. CARBONELL et al., presented par E.J. CARBONELL refers to
the development of an investigative method dealing with driver anxiety with
regard to different driving situations, based on self-report - Inventory of Anxious
Situations in Traffic (ISAT). The development of this inventory is based on an
interactive behavioural model (emphasising the interaction between personal
and situational factors) and on a review of present-day literature dealing with
this subject.

Forty situations likely to produce anxiety were selected and classified into
four types of situations : situations that imply evaluation, situations that imply
an impossibility of achieving an aim, situations of real danger and situations
that include non specific stressors.

The validity, reliability and internal consistency of the definitive inventory
(which retains 32 of the 40 situations under consideration), were examined.
This should provide an instrument with which to study the analysis of anxiety
problems with regard to driving in greater depth.

Discussion focused essentially on the scope of the documentary
investigation on which this research is based, on the type of indicators the
most appropriate to study the variable in question, their measurement (direct or
indirect) and, finally, on the links between these various indicators.

* % ¥

The paper presented by O. CARsTEN, referred to the question of impact
and the effectiveness of the different safety measures in relation to road user
behavioural adaptation and/or unexpected uses of some road installations (that
are somewhat different from the uses either expected or intended when these
were designed).

It questions, in particular, the apparent gap that occurs when considering
two problematics, calming the traffic environment and risk compensation.

Using several examples, the author examined the different types of
problems that could be encountered:

- an unexpected use of traffic-calmed environment (eg: streets that have

been traffic calmed being used for other activities such as motorcycle racing
or skateboarding)
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- a at not conform to traffic-calmed enviro nt (eg: an attempt
to th clamed environment as fast as poss to maximise one's
thrill),

- or yet again, the transition from a traffic calmed environment to a non
calmed environment (eg: an attempt to compensate for the delay after
driving along calmed roads)

t
ithi
er I
gra h
both the type of environmental changes that occur when implementing safety
measures and the psychological mechanisms underlying driver adaptation to
these environmental changes.

JxQa

* % %

e g
d

n ly,

r
types of problems dealt with.

Study in this field revolves around the choice of models likely to clarify

the r que of this viour
regar b ind rs which etor
the p rl g this behaviour.
The links between these different research orientations remain to be more
kn f ,al din
ms t th dge
ns ke the
in | rate (of its functioning and
safety); the functional roles of these rep t ns with regard to actual road
user practices and information-processing in r situ ns; and, ly, the
effects of situational variables on be aviour ulat It is pr le that

future research work will be focused on defining more closely this links.
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Stephen G.STRADLING University of Manchester
Dianne PARKER, Antony S.R. MANSTEAD Department of Psychology
Manchester, Great Britain

ON N UR
AND IN C IN FFIC

This paper will describe and summarize recent work by the Driver Behaviour
Research Group in Manchester, UK. Our initial work developed a threefold
typology of aberrant behaviours on the road - violations, errors and lapses.
Lapses are unintentional mistakes whose consequences are embarrassing but
not serious (e.g. attempting to drive away in third gear). They are more likely to
be reported by female drivers. Errors are failures to monitor the environment
which have potentially dangerous consequences (e.g. failing to notice a cyclist
on your inside; misjudging on overtaking gap). Violations are intentional
breaches of legal norms (e.g. exceeding a speed limit; running red lights) or
social norms (e.g. showing hostility and high mileage drivers). They are
reported more often by young drivers, male drivers and high mileage drivers.
Young, male and high mileage drivers are over-represented in traffic accident
statistics. Violations, but not errors or lapses, are related to accident history,
even when demography and "exposure" are statistically controlled for. This
holds true for both active accidents ("I hit ...") and passive accidents ("l was hit
by ..."). While the immediate cause of any particular accident is generally one
or more drivers making an unintentional error, drivers who intentionally commit
higher levels of violations are more likely to be accident-involved.

g form, and developing, a current social psychological theory base

s Theory of Planned Behavior) we have conducted a number of studies
showing that drivers'intentions to commit particular violations are influenced by
the components of the theory: attitude towards the behaviour (the product of
behavioral beliefs and outcome evaluations), subjective norm (the product of
normative beliefs and motivation to comply with significant others), perceived
control over the behaviour, moral norm and anticipated regret. Examples of the
beliefs, attitudes and motivations which distinguish those drivers who do and
do not intend to commit particular violations will be given.

Over the last decade attitudes and social norms have been targeted and turned
around in respect of, for example, drink-driving and smoking. In our current
resarch we are developing persuasive communications to be targeted at high
violators, with a to ributing to the ction of traffic accidents
by changing driv ttit in order to cha their beh r.
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Richard VAN DER HORST TNO Institute for Human Factors
Jeroen HOGEMA Soesterberg, The Netherlands

TO-COLLISION
AND COLLISION A NCE SYS

ABSTRACT

In research on Traffic Conflicts Techniques, Time-To-Collision (TTC) has proven
to be an effective measure for rating the severity of traffic conflicts and for
discriminating critical from normal behaviour. The results of several studies
point to the direct use of TTC as a cue for decision-making in traffic. The
current development of driver support systems based on the application of
modern technologies makes it necessary to have detailed knowledge on how
drivers operate, and at what level and when a system should warn the driver or
take action. An important issue in developing Collision Avoidance Systems
(CASs) is to ine a proper warning strategy, that warns the dr only when
the driver is ly at danger and immediate action is required. Mi should be
avoided, but too many false alarms may easily cause the system to become a
nuisance to the driver.

The present paper deals with the use of the TTC measure to define an adequate
criterion for activating a driver support system such as CAS in order to reduce
the number of rear-end collisions on a motorway. Reduced visibility conditions
(e.g. due to fog) frequently cause multi-vehicle crashes with very severe
consequences. The results of a field experiment where subjects approaching a
stationary object were instructed to start braking at the latest moment, reveal
that both the decision to start braking and the control of braking may well be
based on TTC information available from the optic flow field. First tests with
Collision Avoidance Systems (CAS) indicate that warning strategies based on a-
TTC-criterion are preferred by the drivers and seem to be most in line with what
drivers expect to get from a CAS. These tests only refer to a fixed 4 s TTC-
criterion. Recently, some studies on driver behaviour in fog enable a more
precise definition of CAS-critical situations and relevant criterion values for
TTC. Based on the analysis of driver behaviour in adverse visibility conditions, it
is concluded that it is worthwhile to investigate a TTC criterion in the range of
4.5 to 5 s for activating a CAS. Especially in the visibility range between 40
and 120 m free-driving speeds are too high, and therefore, special attention
should be given to this distance range when developing a CAS.

7 INTRODUCTION

Systematic observations of road user behaviour in various traffic situations
combined with knowledge of human information processing capabilities and
limitations, offer good perspectives in understanding the causes of safety
problems. In particular, the study of conflict behaviour is a natural candidate for
that purpose; the processes that result in near-accidents or traffic conflicts have
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much in common with the processes preceding actual collisions (Hydén, 1987),
except for that the final outcome is different. The frequency of occurrence of
near-accidents is relatively high, and they offer a rich information source on
causal relationships. The process preceding conflicts can be systematically
observed, which is essential for analysing, diagnosing, and solving traffic safety
problems. The analysis of road user behaviour in critical encounters may not
only offer a better understanding of the processes that ultimately result in
accidents, but, perhaps even more important and efficient in the long run, also
provide us with knowledge on road users' abilities of turning a critical situation
into a controllable one. An important issue is how to distinguish from
normal behaviour. The results of several studies point to the direct use of time-
related measures as a cue for decision-making in traffic. In research on Traffic
Conflicts Techniques, Time-To-Collision (TTC) has proven to be an effective
measure for rating the severity of conflicts. Hayward (1972) defined TTC as:
"The time required for two vehicles to collide if they continue at their present
speed and on the same path". TTC at the onset of braking, TTC,,, represents
the available manoeuvring space at the moment the evasive action starts. The
minimum TTC as reached during the approach of two vehicles on a collision

rs taken as an ind enco er. In

Ci r the TTC,;,  the has n. To

tr 1 shows what h sas onary
object. TTC,,, how imminent an actual collis has been. Details of
the calculation an be found in Van der Horst (1 ).

pisT >0
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In general, only encounters with a minimum TTC less than 1.5 s are considered
critical and trained observers appear to operate rather consistently in applying
this threshold value (Grayson (ed.), 1984; van der Horst, 1984; Kraay & van
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der Horst, 1985; Hydén, 1987; van der Horst, 1990). When analyzing all
ters occurring at an intersection, encounters, in general, hardly display a
less than 1.5 s.

In a study on drivers' strategies of braking, it was found that both the decision
to start braking and the control of the braking process itself may well be based
on TTC information as directly available from the optic flow field (van der Horst,
1991). In a field experiment, subjects approaching a stationary object
(simulated rear end of a small passenger car) with a given speed, were
instructed to start braking at the latest moment they thought they could stop in
front of the object. Fig. 2 reveals that TTC,, increases with speed, but less than
could be expected on the basis of a constant deceleration model as represented
by the fan of lines. The effect of braking instruction (start normal braking at the
latest moment you think you can stop safely vs. hard braking at the latest
moment you think you are able to stop in front of the object) indicates that
subjedcts are able to apply the given instruction well, independent of approach
speed.

ACC;=2 3
m/s -
3 4
6

w2 7
O .
—

1

o normal braking
hard braking
0
0 30 50 70

speed (km/h)

The minimum TTC as reached during the approach appears to be independent
of approach speed and normal or hard braking instruction and reaches a value
of about 1.1 s, on an average (Fig. 3).

© normal braking

3 hard braking
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Since in this study the subjects were instructed to start braking at the latest
moment they thought they could stop just in front of the object, the TTC,,
values from Fig. 2 have to be regarded as absolutely minimal for activating a
Collision Avoidance System. Together with an 1.5 s reaction time (with the
time needed for moving the foot from the gas to the brake pedal included), an
average TTC,, of 2.5 s would result in a TTC-criterion of 4 s.

In the next chapter the first evaluation tests of applying this criterion value for
activing a CAS will be briefly discussed. Since adverse visibility conditions such
as fog enable a more precise description of critical approach situations and
provide information on what criterion value for TTC should be used, some
recent studies on driver behaviour in adverse visibility conditions have been
critically reviewed. This paper concludes with a discussion on the
consequences for defining an efficient CAS.

2 TTC IN COLLISION AVOIDANCE SYSTEMS

Within the DRIVE project GIDS (Generic Intelligent Driver Support) Janssen and
Nilsson (1990) compared seven Collision Avoidance Systems (CASs) in an
experiment in the TNO driving simulator. They combined two different CAS
criteria with three possible system warning actions, viz. via a buzzer, a red
warning light on the dashboard, or an active gas pedal. The two CAS criteria
consisted of a 'worst-case’-criterion (at each moment the lead vehicle can brake
with maximum deceleration) or a TTC-criterion of 4 s. In case the following
vehicle drives at an higher speed than the lead vehicle, TTC is defined as the
distance to the lead vehicle divided by the relative speed. The seventh CAS
consisted of a continuous displaying of the momentaneous braking distance by
a horizontal red line on the windscreen via a HUD (Head Up Display). Each
subject made two runs, one without and one with a CAS, on an undivided rural
road with lead vehicles driving at varying speeds. In Fig. 4 the effects of the
different CASs on four performance measures are presented as a ratio relative
to a control group. Ratios > 1 have to be regarded as a negative safety effect.
Most systems give a reduction of the proportion of short headways, but this
frequently resulted in contra-productive effects on the other behavioural
measures. The combination of the 4 s TTC-criterion and the active gas pedal
does not produce contra-productive effects and has been selected for the CAS
in the prototype GIDS system.

TTC +light TTC + pedal bar
4
o3
8
2
1
(1]
worst case + buzzer worst case + pedal 101"33'”“ f
4
.g 3
2
1
0
speed speed irr. left foll speed irr loft
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c
, again, the combination of a 4 s TTC-
ion and an gas reduces the proportion of small h ys
without an ein (Fig. 5), both in daytime and under ed
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usi C -cri n and an active gas pedal that
sa r-f nin the driver gives the best results
ms n ers expect to get from a CAS. So far,
ions will be cri ly reviewed, as
s that are rele for applying a
a motorway.

3 DRIVER BEHAVIOUR IN GOOD AND POOR VISIBILITY
CONDITIONS

Within DRIVE-II project ROSES (Road Safety Enhanc System) V2
two st s _on driver behaviour in adverse visibility tions have -
cond . Section 3.1 b reports on an analysis of inductive loop detector
data ined with conti s visibility measurements in real traffic, whereas
Section 3.2 summarizes a simulator exi ment on driver behaviour in fog in
both daytime and ttime conditions der Horst et al., 1993; Hogema &

van der Horst, 19 1993b).
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3.7 Inductive loop data

For over a year inductive loop detector data have been collected on the A59
two-lane motorway near the city of Breda, The Netherlands, together with
\ ity measurements from a nearby scatter sensor on a nuous one
m e basis. For each individual vehicle, , vehicle le following
distance, headway, and Time-To-Collision (TTC) were available. The latter is
defined as the following distance ed by the speed difference between
following and lead vehicle (only if s of the following vehicle is larger than
the lead vehicle's speed).
As an example, the cumulative distributions of the driver behaviour variables in
a period of heavy fog are contrasted with a clear view period with otherwise

ist o] of etc.), see

is d le ing to the

on ua White &
Jeffery (1980).
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Various other fog periods give similar results, viz.:

Speeds are much lower in fog than in clear visibility, but speeds in the left
lane remain higher than in the right lane.

Following distances decrease in fog, especially in the right lane.

In general, fog has only minor effects on headway distributions.

TTC values tend to increase in fog. TTCs less than 5 s are rarely observed.

114



braking (acceleration -

®© Qu o

9 m/s2 with no safety margin left), whereas the right lin

corresponds to a more moderate reaction time and deceleration level.

150

o
o

o
(o)

mean free driving speed (km/h)

0
0

Even in the extreme
avoid a collision whe

25

- — N
o (&) (o]

[4)]

% of car-following situations

Tr=1 g Tr=2 g
+right lane a=-5m/s a=-3 m/s
x|eft lane
x
X
+
\+§+
+
!
+
100 200 300 > 1000
visibility (m)
the speeds
driver is su
to slow down in time for lead vehicles
km/h and 53 km/h in the right and left
situa swithag ue
of ab 230 m (s .e.
es fu r, no addi is
and qu , NO s icant effect
obse ns able s to indicate
+TTC < bs
xTTC < 10 s
oTTC < 15 s
TIC < 20 s ) o

100 200 300 1000
visibility (m)

115



3.2 Simulator study

The results of the inductive loop data analysis only refer to the behaviour at one
cross-section of the motorway. Although this approach has the advantage that
a huge amount of data on road user behaviour in real traffic is available, the
dynamics of car-following behaviour can not be studied this way. To study car-
following behaviour of drivers over time and to have full control over the
experimental conditions, a driving-simulator study has been conducted on car-
following behaviour in both good and adverse visibility conditions (day/night,
fog).

Visibility distances used were 40, 80, 120 and 600 m, according to the
standard MVR visibility definition, e.g. White & Jeffery (1980). Since at night,
the rear lights of a vehicle are visible over a larger distance than the contour or
the road outline following the definition of MVR, the rear lights of the lead
vehicle were made visible over a larger distance according to the results of
Heiss (1976). In each run, subjects were partly free driving (i.e. no lead cars)
and partly in car-following situations with varying speeds. To prevent
overtaking, the left lane of the freeway was closed by means of diagonally
striped workzone panels.

The free speeds as found in the simulator experiment reveal a good
resemblance with real-world data in good and very poor visibility. In moderate
visibility, speeds in the simulator appear to be somewhat lower. Driver's high
expectancy of a lead vehicle in the simulator and the absence of overtaking
possibilities due to the working zone situation may well explain this difference.

The relevant cue in approaching a lead vehicle may be TTC: in the simulator the
lead vehicles would become visible at the determined visibility distance,
whereas the speed difference was set at either 20 or 40 km/h. From these
visibility distances and speed differences the corresponding TTC values can be
calculated, represented by TTC;,. In the night conditions, TTC,,;,, values were
larger since, with an equal speed difference, the visibility distance (of the rear

lights) was Fig. 9 gi a comparison of m and TTC being the
TTC at the nt the su t fully releases th pedal for first time
after the lead car has become visible.
35
TTCstim
30 TTCgas
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the

dista
that
the lead vehicle before its contour becomes visible. Their first reaction is based
on the bility e provided by the rear lights. Apparently, TTC,,; is
mainly d by ever becomes visible first.
The relationship between TTC TTC,;m Can be ed well by a linear
regression line (r = 0.97, p < 1) of the followi (Fig. 10):
TTC,,s = -1.15 + 0.83 * TTC,,;, (1)
40
30
@
S 20
-
[
10
0
0 10 20 30 40
TTCstim
S ched
d . (2)
g ( 1).
TTC,;, = -2.58 + 0.80 * TTC, (2)
TTC,, and TTC,,, also linearly relate (r = 0.93, p < 0.0001):
1TC,;, = -1.43 + 0.96 * TTC, 06 (3)

4  DISCUSSION AND CONCLUSIONS S

Several studies on Traffic Conflicts Techniques have shown that Time-To-
Collision (TTC) is an effective measure for rating the severity of conflicts. In
general, only encounters with a minimum TTC less than 1.5 s are considered
critical and trained obs rs appear to ate rather stently in applying
this threshold value in traffic. Whe TTC,,, in s how imminent a
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that have to be regarded as minimum values that should be avoided in normal
traffic conditions. Together with an 1.5 s reaction time (including the time
needed for moving the foot from the gas to the brake pedal), an average TTC,,
of 2.5 s would result in a TTC-criterion of at least 4 s for activating a Collision
Avoidance System (CAS). Tests with different CASs reveal that a CAS with this
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Thomas, 1993). Apparently, a criterion
based on TTC seems most in line with what drivers expect to get from a CAS.
So far, only one criterion value has been tested and the question arises whether
it would be worthwhile to try other TTC-criterion values as well.
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For determining a proper criterion setting for a CAS, it would be of interest to
combine these relationships with earlier findings with res to critical TTC,
values, e.g. the 1.1 s value as found in the study on TTC driver's decision-
making in braking, and the 1.5 s to distinguish critical from normal behaviour in
Traffic Conflicts studies (van der Horst, 1990). By applying Eq. (2), these
critical TTC,,, values would result in a TTC criterion for activating a CAS of
about 4.5 and 5 s, respectively.

Based on the results of the first tests with CASs, it is concluded that for
defining an appropriate criterion for activating a CAS, the TTC approach is a
promising one. The results of the studies on driving behaviour in adverse
visibility conditions reveal that, apart from a 4 s TTC criterion, it is worthwhile
to investigate a TTC criterion in the range of 4.5 to 5 s as well. For driving in
fog as an important application area of CASs, special attention should be given
to the distance range between 40 to 120 m.
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FIGURE CAPTIONS
Fig. 1 Time histories of braking by a car approaching a stationary object; DIST
= acceleration, and TTC =

= distance to object, V = velocity, ACC
Time-To-Collision based on constancy of speed and heading angle. Point
A indicates TTC,, and point B TTC, ...

Fig. 2 TTC,, as a function of approach speed and braking instruction (van der
Horst, 1990).
as a function of approach speed and braking instruction (van der

Fig. 3TTC,;
HorsrR'q 990).
Fig. 4 Behavioural effects of 7 Collision Avoidance Systems (Janssen & Nilsson,

1990) on a) the percentage of headways < 1 s (foll. < 1s); b) average
speed (speed); c) speed irregularities (irr.); d) the percentage of time the

vehicle is in the opposite lane (left lane).
Fig. b Effects of three Collision Avoidance Systems on mean speed (left panel)
and on the proportion of headways < 1 s (right panel) (Janssen &

Thomas, 1993).
Fig. 6 Cumulative distributions of speed, net following distance, headway, and

TTC in fog (Meteorological Visual Range 50 - 60 m) and clear view
conditions for the right and left lane on the AB9 motorway.

Fig. 7 Mean free driving speed as a function of visibility on the A59 motorway
(general speed limit of 120 km/h), and initial speed possible as a function

of the required stopping distance.
Fig. 8 Percentages of all following vehicles with TTC below the given values as

a function of visibility.
sim @S @ function of visibility, light condition,

Fig. 9 TTC_,, as compared to TTC
and relative speed.

Fig. 10 TTC_,, as a function of TTC,;.., according to Eq. (1).
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SAFETY IS NOT SARILY PLEASANT
AND PLEASAN IS NOT RILY SAFE

This paper questions the view that the safety and pleasantness of the traffic
environment are closely related. The argument is made on a number of grounds,
some of them theoretical and some empirical.

The first theoretical argument is made on the basis of the need for alertness
and therefore arousal on the part of road users, if they are to negotiate the
traffic system safely. This means that a system that is completely "calmed"”,
will tend to result in a loss of vigilance on the part of road users, and therefore
in increased risk of unforeseen events and hence accidents.

A further argument is made on the basis of behavioural adaption - indeed the
first point could also be construed as being a form of behavioural adaption. The
reasoning here is that road users in a calmed environment will seek to increase
their level of risk. It is somewhat surprising, perhaps, that the discussion of
calming the traffic environment and the discussion of behavioural adaption (or
risk compensation) seem to proceed on parallel lines, without any specific links
between the two being made. Behavioural adaption to traffic calming can take
two forms:

1. An attempt to drive through the calmed environment as fast as possible
or in such a way as to maximise one's thrills.
2. An attempt to compensate for the delay caused by the calmed roads by

driving faster on non-calmed roads.

There is some evidence that both these effects are taking place. As regards
effect (1), there are reports of streets that have been traffic-calmed being used
for such activities as motorcycle racing or skateboarding (humps are particularly
attractive to skateboarders). In normal circumstances, such activities may not
negate the benefits of traffic calming, but in certain situations it is possible for
things to get out of control, as recent UK experience with joyriding indicates.

Effect (2) would tend to produce a form of accident migration. Traffic engineers
have for some time noted that where there is temporary congestion in a
network, such as that cause by major road works, there can be an effect of
drivers seeking to compensate for lost time by driving faster once they are past
the bottleneck. This can cause a rash of accidents. On a national level, recent
UK experience indicates a declining trend in urban accidents, but a rising trend
in rural accidents, particularly those on two-lane arterial roads. One hypothesis
to explain this phenomenon is that once out of the congested and calmed urban
environment into the relatively uncongested rural environment, drivers take
advantage of the comparative freedom of the situation and engage in driving
too fast and in risky overtaking. The effect is rather like that of a cork popping
out of a champagne bottle.
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ALCOHOL AND FFIC ACCIDENTS

S RY

There is ample evidence that young people are not only at high risk of
traffic accidents in general, but also at high risk for alcohol-related traffic
accidents. Thereby, identification of the factors that could explain drinking-
driving behavior in young people has become a necessary previous stage to
increase the effectiveness of traffic accident prevention programs focused on
this specific population.

Research examining motivational, cognitive and attitudinal factors that
influence risky behaviors such as that one has revealed as a successful
approach to that goal. Thus, the study following reported mainly concerns a
recent application of a social psychological model to this problem which could
be a very useful framework in this research field: the Theory of Planned
Behavior (Ajzen, 1.985; Ajzen, 1.987; Ajzen, 1.988; Ajzen, 1.991). The results
provide first evidence in support of the explanatory and predictive value of this
model.

1. INTRODUCTION

During the last years, traffic safety has become an important goal in
national and local public Spanish policies, corresponding to the seriousness of
economical, social and healthy consequences of accidents in Spanish roads.
Trends in traffic accident rates in Spain have been progressively increasing on
the last decades, paralell to the increasing in the number of registered motor
vehicles and the number of drivers, and at the present time, Spanish traffic
accident rates are unfortunately greater than those which correspond to most
of the European countries (Megia, 1993). Thus, in 1991 there were more than
170000 injuries and more than 9000 deaths as a result of accidents in Spanish
roads -taking as a criterion that defunction is occurred as a result of a traffic
accident in a maximum of thirty days from it-.

The extent of the costs that traffic accidents implie depends largely on
the fact that the traffic accident problem is specially dramatic among younger
age groups. As research frequently has evidenced, even when exposure to
roads has been controlled, young drivers are at greater risk of accident
involvement than older drivers, and specially young male drivers. In effect, as in
other industrialized countries, one from two deaths in traffic accidents on the
last years in Spain was a person who was between 15 to 27 years old, and a
1992 report by the Direccién General de Trdfico -the national gouvernment
agency that attends road transportation problems- noted that responsibility for
all of the fatal traffic accidents that occurred during 1990 in Spain can be

125



attributed to drivers less than 25 years old in 1 from 3 of those accidents, and
to drivers less than 30 in half of them. Furthermore, the number of persons
who were between 25 to 34 years old and died in traffic accidents increased in

1 c b e
c d a e
g c e a

injury to them (Direccion General de Tréfico, 1992).
Since it is generally accepted that road user behavior is a crucial factor in

ni rious and
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c er and be

im nt in the accident risk of young drivers. on the other hand,
ep ological research shows that alcohol consu n is also a significant
in acc t causation ng an rtant p of traffic acc ts

ing yo drivers. In ct, al has b gnized as a or
leading to increase crash risk from the earl days of motorization, and recent

laboratory experiments have been able to d nstrate that crash and injury risk
in general population is greater when alcohol is present. But the role of alcohol
appears to be specially important in those accidents involving young drivers.
That is, young adults would not be only at high risk of accidents in general, but

also at high risk for ol-related traff c accidents. Even low concentrations of
alcohol in blood a to be signifi tly related to collision in ent
among teenagers, while this is not tr  for all other age groups the

exception of the oldest drivers- (Zylman, 1975; Cameron, 1982).
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drinks in a very hard way preferentially on one or more weekend days. Such a
this behavior has resulted in an increased number of alcohol-related traffic
accidents involving young drivers in weekends, and subsequently, in an
increased number of injuries and fatalities among young people (Piera et al.,
1990; Zabala & Lépez, 1993). In this context, identification of the
psychological and behavioral factors associated with these risky behaviors in

young people is a necessary previous to inc e the e i s of
traffic accident prevention programs . nell, 1 ; Carbo s &
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optimization of contents and procediments of intervention estrategies, a more
succesful approach is the examination of the more immediate motivational,

itive, and d factors that affect the execution of these viors
isi et al., ker & cols., 1992). A model on human beh that
d be a eful framework t estig hese problems is the Theory of
ned B (Ajzen, 1985; n, 1 Ajzen, 1988; Ajzen, 1991a;

Ajzen, 1991b).

2. APPLYING THE THEORY OF PLANNED BEHAVIOR TO EXPLAIN
RISKY DRIVING BEHAVIORS

The Theory of Planned Behavior has been proposed as a social
psychological theory that provides a general framework to explain human
behavior. Actually, it derives from the *~ heory of Reasoned Action, which has
been used successfully to predict behaviours in a wide variety of research fields
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(Fishbein & Ajzen, 1.975; Ajzen y Fishbein, 1980), as well as from its extension
to the prediction of behavioral goals (Ajzen, 1985; Ajzen & Madden, 1986).
Although research on the Theory of Planned Behavior is still less numerous, it
has revealed that when the behavior under consideration is a behavior over
which people tend to have a problematic control, such as smoking,
problematical drinking, or losing corporal weight, predictions of intentions as
well as predictions of- behavioral achievements from the extended model
impsraove in comparison with those derived from the original formulation (Ajzen,
1.991a).

As a central assumption, the Theory of Planned Behavior considers that
intentions to perform a given behavior captures the motivational factor that
influences it directly, as indications of how hard people are willing to try, or
how much of an effort they are planning to exert, in order to perform the
behavior (Ajzen, 1991b). Thus, when a person has been having alcoholic drinks
and needs to travel to a given destination, he or she will probably try to drive if
this one is his or her previous intention in such a situation, while if his or her
intention is not to drive in such a situation, he or she will probably not try to
drive. But, in addition to individual's intention to execute or not execute a
determinate behavior, this model also proposes that the named perceived
behavioral control is other significant immediate antecedent of actual behavior,
and this is the essential difference from the original model -the Theory of
Reasoned Action-, which did not include this factor. For instance, although a
person has a moderately strong intention to not drive after having some
alcoholic drinks, it could be that the extent in which his/her intention influences
on his/her behavior in such a situation decreases in relation to the extent in
which his/her perceptions about certain factors that could control his/her
behavior influence on actual behavior. It could be that that person is in a hurry
for a meeting that he or she perceives as a really important meeting, while there
is not other kind of transportation to arrive at this previously planned
destination and he or she is not able to find someone who is sober and accepts
to take him/hers to their destination in his/her vehicle. Or merely it could be that
he or she do not think really that is under legal limit, because is not be able to
infer approximately his/her blood alcohol concentration from the amount and
type of alcoholic drinks that he or she has been having. According to this
model, if the relative weight of the overall influence of all of these named
control factors -such a lack of alternative transportations or knowledge about
the relationship between alcohol consumption and blood alcohol concentration-
on the driving behavior is clearly higher than the relative influence of the
personal intention on the same behavior, in such a circumstances this person
will probably drive. Thereby, the degree of success in behavioral predictions will
depend not only on individual's intention, but also on other nonmotivational
factors, including time, money, skills, knowledge, social cooperation, that is,
the required opportunities and resources to perform the behavior (Ajzen, 1985).
The perceived ease or difficulty of performing the behavior, reflecting past
experience as well as anticipated impediments such as these above mentioned,
was then introduced as a determinant factor in the Theory of Planned Behavior.
Therefore, according to Ajzen's model, intentions, together with perceptions of
behavioral control, would account for considerable variance in actual behavior
(Ajzen, 1991b). e

In turn, the theory postulates three conceptually independent
determinants of intention: the attitude towards the behavior or the degree to
which the person has a favorable or unfavorable evaluation of the behavior in
question, the subjective norm or the perceived social pressure to perform or
not to perform the behavior, and, again, the degree of perceived behavioral
control, that has already been defined above and it is the only one that could
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influence directly both intention and behavior. Thus, in general, the more
unfavorable the personal attitude towards d after drinking alcoholic
beverages, and the more unfavorable the subje norm with respect to this
behavior, and the greater the perceived control over this behavior, the stronger
should be the individual's intention to avoid to drive in such a situation; and
inversely, the more favorable the personal attitude and the subjective norm
towards driving in these kind of situations, and the smaller the perceived
control over this behavior, the stronger should be the individual's intention to
drive in such a situation. At a more specific level, attitudes, subjective norms,
and perceived behavioral control are shown to be related to approapiate sets of
salient behavioral, normative, and control beliefs about the behavior (Ajzen,
1.991b), that is, personal beliefs specifically referred, respectively, to the
perceived characteristics of the behavior -for example, "drinking and driving is
funny”, "drinking and driving increase traffic accident risk”, "drinking and
driving is not dangerous if you are a good driver", etc.-, to the opinions of
those people or utions that are significant for him or her with respect to
this particular be r -parents, friends, the police, etc.-, or to the factors that,
as it was previously argued, the person perceives as obstacles or facilitators
with pect to that beh -avai ity of alternative tran t nightime
cond ns, intensity of olic ptoms, etc.-. All of t types of
beliefs, in combination -respectively- with their subjective evaluation, the
degree of motivation to comply with those pe or institutions, and the
perceived power of each control factors over the avior, are the most basic
t;ggavi;)ral determinants according to the Theory of Planned Behavior (Ajzen,
1b).

Although Ajzen proposes that, in I, all of these fac are
sufficient to account for intentions an | be | actions, he also re izes
two questions: first, they are not always all necesary, and second, it could be

itional vari i e behavioral predi (Ajzen, 1991a). The first
has the st for the main ive of this work. Such

statement implies that results may indicate that we do not have to include all of
the measures corresponding to these theoretical variables to get the best
behavioral prediction; it may be found that attitude towards a behavior do not
significantly influence on intention to perform this particular behavior, or, in the
opposite side, it may be found that it is the perceived control over this behavior
the element that do not improve the prediction of the intention to perform it, or
even do not improve the prediction of the behavior. In any case, according to
Ajzen's arguments, the relative importance of each of these elements in the
prediction of intentions -that is, the relative weight of attitude towards the
behavior, subjective norm and perceived behavioral control- or in the behavioral
predictions -that is, the relative weight of intention and perceived behavioral
control-, depends on which is the particular behavior and which is the
population where all of those variables are measured. A simple instance of this
has been previously referred partially: it could be that a proportion of people
who sometimes drive under the legal blood alcohol limit have actually the
opposite intention, but, while this factor is unrelevant to determinate their
behavior, the actual determinant is that they are not able to infer--the
approximate blood alcohol concentration that results from their previous alcohol
consumption. In this simplified case, drinking driving behavior could be
adequatly and sufficiently explained only from perceived control over it.

The study following reported was an opportune occasion to assess the
potential explanatory of the Theory of Planned Behavior with respect to two
pa r risky road b ors in young Spanish people: drinking driving
be , and riding in a k driver's ' ehicle. If our results would support the
predictive utility of the theory, including all or some of the theoretical variables,
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it will be progressed not only to have a good explanation to these risky road
behaviors in young people, but also to differentiate between risky drivers and
safe drivers, as well as between risky riders and safe riders, in terms of the
most specific determinants of these behaviors -e.g. in terms of their behavioral,
normative and control beliefs-. In effect, if we could isolate in which particular
aspects the determinants of intention to drink and drive in risky drivers differ
from the determinants of intention to not drink and drive in safe drivers, as well
as in which particular aspects the determinants of intention to ride in a drunk
driver's vehicle in risky riders differ from the determinants of intention to not
ride in such a vehicle in safe drivers, we will get a very interesting information
to optimize intervention strategies, and the Theory of Planned Behavior will
become a useful framework to design future interventions to reduce the
prevalence and human costs of alcohol-related accidents in young people.

METHODS

The study mainly consisted in a survey which was performed as part of a
community intervention to reduce the prevalence of traffic accidents among
young people. As it is mentioned above, this survey intended to identify those
motivational, cognitive and attitudinal factors involved in several risky behaviors
in young drivers, according to the Theory of Planned Behavior. A representative
random sample of 1500 subjects from 14 years old to 29 years old residing in
the Comunidad Valenciana were interviewed (the size of sample's univers was
estimated in 954151 persons). Subjects were sampled from each of the three
provinces which compose the Comunidad Valenciana, on the basis of each
respective population size. Of these, 53.4 % were females and 46.6 % were
males. With respect to age, 23.1 % were less than 18 years old, 35.6 % were
between 18 to 22 years old, and 41.3 % were more than 22 years old.

The interviews were administrated as in-home interviews by trained
inteviewers, requiring approximately 30-45 minutes for each subject to
complete. We decided to use two different versions of the interview: one for
subjects who addmit to drive habitually when they go 'to do something and
drink with their friends', that is, for 'drivers in drinking contexts'; and another
one for subjects who denie drive habitually when they go 'to do something and
drink with their friends', that is, for 'passengers in drinking contexts'. The
interview for 'drivers in drinking contexts' consisted in two different kinds of
questions. The first items assessed background data and a number of
behaviours, concerning driving habits, driver record, drinking behavior, and
illegal drug consumption. The rest of the items was built to measure all of the
theoretical constructs postulated by the Theory of Planned Behavior. The
interview for 'passengers in drinking contexts' also consisted in such two kinds
of questions, adequating their contents to refer to rider behavior and excepting
;c.hose referred to driving behavior in the case that a subject does not have a
icense.

In addition, based on a study by Parker & cols. (1.992), the interview
included a verbal description of an hypothetical drinking-driving scenario, which
was written in the second person singular to encourage the respondent to
imagine him- or herself in the situation described. The description used in
interview for 'drivers' was as follows: "Imagine that you have been having a
good time and having some alcoholic drinks with your friends. As in others
times, you have driven your vehicle -car or motorbike- there, and you have
planned to move with it. You have had some alcoholic drinks (beer, spirits, or
any other kind). Because of that, when you leave you feel some sensations
due to alcohol: you feel a little dizzy, your vision has become a little blurred,
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you have some difficulties to control your movements..." ; while the description
used in interview for 'passengers’ read thus: "/magine that you have been
having a good time and having some alcoholic drinks with your friends. The
person C, who drives the vehicle -car or motorbike- where you had planned to
ride, has had some alcoholic drinks (beer, spirits, or any other kind). Because of
that, when you leave you perceive that C shows some symptoms due to
alcohol: he or she appears to be a little dizzy, he or she says that his or her
vision has become a little blurred, he or she has some difficulties to control your
movements...' In both of these cases, the aim was to evoke in respondents a
homogeneous mental picture: the driver has been having some alcoholic drinks;
the driver feels some h iological ons due to alcohol, which are
symptoms similar to t d ed by in Is weighing between 52 to 86
kg with approximate Blood Alcohol Levels between 0.5 to 0.8 mg. per litre,
according to the New York State Driver's Manual (Turrisi et al., 1.988); the
subject (driver or passenger) goes away, and his/her initial intention was,
respectively, to drive his/her vehicle or to ride with the drunk's driver. The
expectation was that these mental picture would aid to elicit respondents’
beliefs, attitudes and intentions with respect to the correspondent behavior,
and, in addition, to explicit the context and the particular action that defined
the behavior in question. The interviewer had to read out the description to the
subject and give him/her the one written to hold as the interview was
administrated.

A pilot study involving 50 subjects was previously carried out in order to
identify salient behavioural beliefs, salient control beliefs and salient referents
with respect to the drinking-driving situations in these population, following
Ajzen's research procediments. Persons approached were asked to imagine that
hypothetical situation and then asked if they could think of any reasons why
they might be driving/riding or why they might refrain themselves from doing so
(behavioral beliefs), whether they could think of anyone who would approve or
disapprove of their driving/riding in that way (referents), and which factors they
think could prevent them from driving/riding and which factors they think could
to impel them to drive/ride (control beliefs). Furthermore, we developed four
discussion groups formed by no more than ten persons randomly selected who
were from 14 to 29 years old. Resuits of the pilot study and discussion groups
were considered to redact the items corresponding to Ajzen's theoretical
constructs. Thus, thirteen behavioural beliefs, eight salient referents and nine
control beliefs became the basic patterns to develop the corresponding
measures in the two versions of the interview (see Figure 1).

Figure 1. Salient beliefs, referents and perceived control factors in 'drivers'

BEHAVIORAL BELIEFS REFERENTS CONTROL FACTORS

> Drivi gy vehicle takes less time than catchlag a bas, * Moether e If (rlends have mol an [Iternative

a etro or a traln ¢ Father transportation
« Driving my vehicle Is cheaper than taking a taxi « Brothers and/or sisters = If there is mol semecbody who Is able to
e Driviag 1 that w y Is fa ny, yeu can bave a geod time « Friends tn gener | drive
¢ Driving my vehicle Is easier and mere ceo fortable ¢ Certain friends e If it s night time or there is nobody en
o« If yo are s good driver, driviag In that way we 't be risky s Police the street
» Driviag la that way mskes (hat 1 de ether traffic violatioms « Fa My e [ do met know how much alcehol affects
e Driviag § that way lIncreases risk ccldeats ¢ P riger to me
» Driving im that way akes that [ drive merc | prodently * I ebedy try to persuade to me to vold
¢ Driving | that way Implies th t I loss vehicle's centrol drivi
e Driving | (h t way makes me mervems *If I am in hurry
e Driving | that way | creases ria  of causiag tmjories d = Taxl is very expensive

fatalities e IC 1 has had tee much alcohol

e Driving In that way makes that I drive faster o If there Is few pelice gents

« It's very likely I have a fime If 1 drive In that way
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In order to avoid possible inconsistencies in results due to measurement
of the variables postulated by the Ajzen's model at a different level of
specificity (Ajzen, 1988), we referred all of them -and consequently, all of the
items- to the situations that have already been described.

RESULTS

The total number of respondents included 30.8 percent of ‘drivers in

co ', and 69.2 percent of 'passengers in drinking contexts'.

the values for belief-based measures of attitude, subjective norm,

and perceived behavioral control, as well as for the intention, indicated in both

of the cases that respondents tended to be favorable to avoid the execution of,

respectively, drinking driving behavior and riding in a drunk driver's vehicle, as

it can be seen in Figure 2. Interpretation of these mean values must take into

account that the higher and more positive the value is, the more pro is attitude,

subjective norm, perceived behavioral control and intention with respect to the
risky behavior.

Figure 2. Mean values of belief-based measures of Ajzen's theoretical constructs

'Drivers' 'Passengers’
Attitude (Range = 13, 637) 110.7 91.6
Subjective norm (Range = -168 , 168) -84.4 -81.9
Perceived behavioral control (Range = 9 , 441)| 204.3 195.7
Intention (Range =1, 7 ) 2.9 2.4

Thus, respondents who addmited to display habitually a rol of ‘drivers in
drinking contexts' tended to have an unfavorable evaluation of driving in a
situation such as the one described; also tended to have a negative perceived
social pressure to perform the behavior; and a moderate perceived behavioral
control over it, indicating that they felt that they would moderately easily avoid
drinking and driving in such a situation. Congruently to these results, the mean
value of intention also indicated that, as a group, 'drivers' tended to have the

tion to d in of situations, a we can't e say

it'sac ly ite . On the other the mean v for
attitude, subjective norm, perceived behavioral control, and intention from
‘passengers in drinking contexts', indicated again that respondents tended to be
favorable to avoid the execution of the risky behavior. Even respondents who
declared to habitually display the role of 'passengers in drinking contexts'
tended to have a more unfavorable evaluation of riding in a drunk driver's
veh than atti to d and d was in ' in drin
con s'; respon s also to feel significant s would
approve of their riding in a drunk driver's vehicle, indicating a relatively high
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perceived social pressure to not perform the behavior; however, both
passengers’' perceived behavioral control over this behavior and intention
appeared to be lower than those referred to 'drivers in drinking contexts’,
although they also tended to feel that it would be relatively ease to avoid riding
in such a situation, and that their general intention to ride in a drunk driver's
vehicle was moderately low.

Figures 3 and 4 show mean values corresponding to attitude, subjective
norm and perceived control and intention with respect to both behaviors,
crossing with age, sex, academic level, laboral activity, and type of vehicle (car
or motorbike). Significant differences resulting in analyses of variance using
those four psychological measures as dependent variables has been marked. As
it can be seen, results from 'drivers in drinking contexts' indicated that there
were significant differences in attitude due to sex and type of vehicle (car or
motorbike), also significant differences in subjective norm due to sex, no any
significant differences in perceived behavioral control, and significant
differences in intention due to sex; while results from 'passangers in drinking
contexts' indicated that there were significant differences in attitude due to

also significant d rences in subje norm to sex, ic level,
ral activity, and t of vehicle, as as si ant diff both in
perceived behavioral control and in intention due to age, and again, due to sex.

Figure 3. Mean values of the belief-based measures crossing by sociodemographical variables,

type of vehicle and risk criteria, in 'drivers'

Attitude Subjective norm [Perceived control Intention
= Under 18 128.0 -77.8 208.3 3.0
- 18-24 111.9 -87.0 208.4 2.8
« Over 24 106.4 -82.5 199.2 2.9
+ Females 98.3 * -89.8 2104 * 23
« Males 116.1 * -82.0 * 2015 * 31
Student 115 8 -82.8 203.7 2.9
Unemployed 112 4 -79.8 208.4 2.9
Employed 107 2 -87.3 202.8 2.8
« Car 105.1 * -85.1 201.6 2.8
» Motorbike 135.6 * -81.5 215.9 3.1
‘Risky' 1193 * -80.3 * 204.4 31 =
‘Safe’ 86.5 -953 * 204.1 2.2 *
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Figure 4. Mean values of the belief-based measures crossing by

sociodemographical variables, type of vehicle and risk criteria, in 'passengers’

Attitude Subjective norm Perceived control Intention
« Under 18 94.2 -87.2 204.1 22 *
« 18-24 94.3 -80.2 1979 = 26 *
* Over 24 83.1 -78.8 180.9 = 2.1 *
« Females 85.1 = -85.9 = 199.7 * 22 @
* Males 103.2 * -74.7 * 188.4 = 28 *
« Student 9§ § -83.9 = 205.0 2.4
« Unemployed 90 3 -77.2 = 186.1 2.3
* Employed 85.6 -83.5 = 188.2 2.4
« Car 87.3 -80.0 * 184.2 2.5
* Motorbike 97.8 -76.2 = 204.9 2.9
+ 'Risky’ 97.4 * -77.9 * 196.8 2.7 *
* 'Safe’ 82.6 * -88.2 * 194.0 1.9

In turn, we differentiated two subgroups in each of these mentioned
groups, according to a criterion based on individual alcohol and drug
consumption patterns, as were measured in the interview: on one hand, 'risky

Y
r

were certain and important differences in some of the psychological measures

between ' and 'safe’ su oups, s sh e Figure 3.
It can be that ‘'risky d rs in  nking ' ects who
o 'to hi with their

nk or that they had had some kind of
the interview, have a significant more
n such as the one described than 'safe
bjects who addmited to drive habitually
when they go 'to do something and drink with their friends' but d d that

they had drank or that they had had some kind of illegal drug in same

pe e. dr

pe cia ct

dri nki it

significantly higher that safe driver's intention to drive in such a situation.
ever, we t found significant er bet these
roups in b sed measure of perc d ioral rol, alth

they certainly were found in the directed measure of this variable. On the other

|
drug on the last week prior to the interview, have a significant more favorable
attitude to ride in a drunk driver's vehicle in a situation such as that one
descri , a significant r ceived social pressure with respect to this
behav and a signifi er intention of performing it, than ‘safe
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passengers in drinking contexts’', that is, subjects who also reported not to
drive habitually when they go "to do something and drink with their friends" but
denied that they had drank or that they had had some kind of illegal drug in the
same period of time. Again, perceived behavioral control appeared to be a non
significant variable in order to discriminate, according to the criterions above
mentioned, between 'risky ' and 'safe’' passengers in drinking contexts.

in fact, the first available results of the regression analyses for the
prediction on intentions of the first wave data appear to indicate that both
respective attitude and subjective norm make significant contributions to the
prediction of intention to drive in such as the one described and to the
prediction of intention to ride in a drunk driver's vehicle, while the addition of
perceived behavioral control do not improve the model's predictive power in
neither of these two cases (see Figure 5). That is, contrary to initial
expectations, perceived behavioral control appears to be a non significant
determinant of any of these two risky intentions.

Figure 5. Significant correlations (p < .05) between Ajzen's model variables in

‘drivers' group (N = 462)

the behavior

R = 0.47 = 0.54

R = 0.38

Subjective norm Intention

R =-0.33

Perceived
behavioral
control

DISCUSSION

As it was mentioned previously, Ajzen (1991a) has noted that it could be
that certain specific applications of their theoretical model to particular
behaviors indicate that it is not always necessary to consider all of the variables
that this model proposes to explain a given intention and/or their correspondent
behavioral execution, but results may demonstrate that we do not have to
include some of the measures corresponding to these theoretical variables to
get the best intentional and/or behavioral predictions. The intention to drink and

134



drive as well as the intention to ride in a drivers' vehicle, in situations such as
the ones described in the hypothetical scenarios, appear to be two instances of
this statement. Initial results indicate that both attitude and subjective norm

d in h as
pe thi rticula
ov ny the p

perform this behavior. On the other hand, both attitude and subjective norm
with respect to riding in a drunk drivers’ vehicle in such a situation have also a
significant influence on the intention to perform it, and again, perceived
behavioral control does not improve the prediction of this intention. Contrary to
expectations, factors such as time, money, alcohol dosis consumed or

ava of at n appear n be as
imp con S nor in the of ho
hab disp t e d the case of ts Ity
lay in of .
| he is en states in the ical
ica , orr g to the different of
ups accordin th tr m
or illegal dr nd i 1 pl
eory of Plan Be r g s

order to differentiate between attitude, subjective norm and intention with

respect to this behavior that these subgroups have. In the same way, the

ap of this model to ers’ behavior is useful in order to

dif e between behavioral subjective norm and intention that the
i

group of population, and these must be known in order to optimizate
effectiveness of traffic safety intervention programs.

oI

drunk driver's vehicle. A different issue is that the multiple correlations with
intentions that are obtained when these regression analyses are performed are

no h d co of t isky
be o p icant tive in s to
pe mult with ions
appreciably.
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A TY AND FFIC SAFETY

psy b io oc with
driver me n ic re h. In
partic of h a ca le in

driving behaviour as research reveals. First, research shows that a significant
number of drivers involved in traffic accidents suffer a high level of anxiety and
insufficient level of self-confidence. Second, anxiety is also one of the
emotional reactions most frequently related to driving iour in li re.
Third, anxiety or stress is a factor which is included in of the th cal
models explaining driver behaviour. However, research on anxiety and on

ficient comparatively with other fields.

ttle number of self-reported instruments

d in this paper has intended to obtain
re anxiety in traffic contexts. Thus, our
develop an instrument which allows
three response systems -cognitive,
ng a representative sample of driving
0 generate anxiety, according to the

ntario de Situaciones Ansiégenas en el
ons inventory). This inventory provides

a al ure of anxiety as well as s c s to f

fo ng rent situational contexts: 1 ti co
evaluation, and social evaluation; 2) o] i cr

a s ob es and 4) situations ng
e m ta respect to its psy ric
p it etween different groups of population.

1.- INTRODUCTION

The searching for variables that keep a relationship with the driving

bec s the main investi n ai n the traffic safety field. In particular,
anx is one of those bles ch have a significant in driving
behaviour as research reveals. First, re earch shows that a sig nt number

of drivers involved in traffic accidents suffer a high level of anxiety and
insufficient level of self-confidence. Second, anxiety is known as one of the
most frequently experi em al reactions when driving. d, anxiety or
stress is a presented ble, icitly or explicitly, in a g deal of the
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models developed to explain driver's behaviour, eventhough none of them
depends on its analysis. These reasons e brought us to consider need of
directing our attention towards this vari e, even more if we cons that its
study in the fields of Psychology and Traffic Safety shows a considerable delay
in comparison to other fields.

2. RESEARCH ABOUT ANXIETY AND TRAFFIC SAFETY

In fact, the terms or stress only em ionally in the
extense literature about Ps y and Traffic Safety this occurs, it
is usually related to traffic accidents. In this r we try to offer a vi as
complete as possible of how and in which nt anxiety has been is

ed in this ambit, focusing mainly in the traffic environment as the

rator of anxiety on drivers. For the attainment of this purpose we carried
out a bibliographic search that would allow us to detect the required
documentation for this analysis.

The first stage of this investigation was, therefore, the search of papers
that would approach the studies on anxiety and stress in the field of Traffic
Safety.

Subsequently we grouped the subjects into two broad types:

- those investigations that study how do stress and anxiety originated out
of the gs t n affect a pe S of driving

- those inv g directed to i ti how the proper situation
of driving generates anxiety on the population exposed to traffic.

Along with this, we can find some articles specifically directed to study
the driving phobias and their treatment; anxiety der  ed from traffic dents
(postraumatic anxiety), anxiety before the test to o n the driving li e and
the alcohol and drug effects, as a way of handling anxiety, in the self-propelling
vehicles driving.

2. 1. anxiety originated out of the situation

A first analysis of the information obtained shows us that perhaps the
most fructiferous investigation line connected to accidentality has been the one
that considers the effects of the stressful vital events on the driver and its
causative relationship with accidents. Eventhough this is not view we pretend
to develop, we find interesting to point out some of the work done over this
aspect, because logically, the driver's emotional state is going to influence his
way of reacting to the stimulus originated in the traffic environment.

Holmes and Rahe's initial work (1967) on the apparition of stress as
consequence of the readjustments to the experienced life changes, propitiate
some investigations with the only aim of explaining if life changes on a person
and the following adjustment degree could be significantly related to traffic
accidents. The refereed investigations approach stress as an event or group of
circumstances that supposedly elicit or require a non common answer from a
person, and show that the effects of these vital events generally reduce a
person's responding capacity towards the exterior world, provoking the
apparition of physiological knowledgeable and conductible maladjustments that
difficult or obstruct the correct fulfiiment of the driving task.
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Selzer et al. (1968), showed that social stress -associated to personal or
economical conflicts- was significantly greater in a group of drivers that had
suffered serious accidents, than in a group of drivers without accidents. A year
later, Brenner & Selzer (1969) concluded that the risk of mortal accidents on
persons that had experienced a severe social stress, is 5 times superior to the
one of those others that not experienced it. Facing these discoveries, Selzer &
Vinokur (1974) try to develop an instrument predictive of traffic accidents, from
the stress generated by the person's life events, rely on a multidimensional
conception of stress. They focus on the estudies of the so-known as vital
changes and the subjective answer to the changes, on the experiences of
negative stress in the various essential contexts (work, marriage...) and on the
physiological and conductible expression of stress. With this implement they
corroborate, in 1975, the relationship between vital events, subjective stress
and traffic accidents, also finding that the accumulation of those events
correlates significantly with tension and with cognitive and behavioural
indicators of anxiety, eventhough only in the case of vital events non desired by
the person (Vinokur &Selzer, 1975), suggesting this way that the desirability or
not of these events by the person is a crucial determinant of the way in which
stress is related to accidents.

Similar results are offered by Fernandez-Rios et al. (1987)'s work, who
confirm the existence of significant differences between accidented and non
accidented drivers, as in the number of disturbing events as in the importance
applied to them. The authors conclude that stress proceeding from negative
economical events (salary reductions, a loan refusal...) and from negative
events related to health (physical illness, injuries, lack of adequate medical
assistance...) is the one that allows a better classification between accident and
non accident drivers.

Attempting to deepen a little more in this relationship between vital
events and traffic accidents, Holt (1979) classified accidented people into two
categories attending to their guilt and responsibility or not in the accident
finding out that the guilt and responsibility or not in the accident finding out
that the guilty people experimented more unpleasant and problematical events
than the non guilty, during the year before the accident.

On the other hand, McMurray (1970) observed that in the following days,
and even months, to highly stressful events, the possibility of having an
accident raised remarkably. A partial support to this investigation has been
provided by Sobel & Underhill {(1976)'s work who, at the time they examined
life and family styles related to driving antecedent, pointed out that family
disruption and social stress on males (not women) acts as a predictor of the
probability of suffering a traffic accident.

Finally, Finch y Smith (1970) discovered that 80% of sample of people
who died in traffic accidents had suffered an important stressful situation upon
24 hours before the accident. However, eventhough the authors confer the
accident's cause to the effects of stress, they do not take into account that the
automobile is used by certain people as a suicidal instrument (McDonald, 1964;
Crancer y Quiring, 1970; Signori y Bowman, 1974; McGuire, 1976), therefore
we find premature by the light of the refereed investigation, to be able to
establish that relationship in an absolute way.

In general, the importance of the variable stress derivate from essential
events to explain and predict traffic accidents is the thesis that underlies this
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group of investigations that we have just briefly commented. Underline that this
has been a working line developed in the 70's and actually rather forgotten, or
in any case highly criticised, mainly centred around the scarce scientific
severity shown at the time of stress assessment (Thoits, 1983). It is certain
that vital events influence in a considerable way people's driving behaviour,
favouring the risk of accidents, especially if alcohol or other drugs' ingestion is
appealed to solve the conflicting situation (Wagenaar, 1983). When a person is
found in an anxious state, adequate facing strategies are not usually at one's
disposal so as the disponibility of drugs or a car provides the alternative means
to reduce the psychological tension. The use/abuse of specific medicines or
alcohol with the purpose of reducing or managing anxiety can, in this way,
incline the driver towards accident (Campbell y Singer, 1987). Neverthless, we
find it necessary to investigate deaper before being able to confer cause and
effect relation, even more if we keep in mind that these works are generally
unaware of the interaction between the driver and the traffic surrounding and
the way in which this last one affects the persons' driving.

2.2. the traffic situation as a generator of anxiety

The investigations centred around the traffic situation as a generator of
anxiety are furthermore limited if possible. Traditionally the anxiety generated
by the traffic environment has been approached with the help of the evaluation
of the physiological answers of drivers facing traffic incidents (Robertson,
1987; Gulian, 1987). Generally, these investigations focus on specific groups of
professional drivers: bus drivers. Urban bus drivers' work is located among the
most stressing and unhealthy modern occupations (Evans & Carrére, 1991).
The epidemiological evidence accumulated shows substantially higher
percentages of mortality and morbidity on this occupational group, in
comparison to other occupations. Specifically, a higher risk of suffering
cardiovascular iliness, hypertension, gastrointestinal iliness and
musculoesqueletical disorders are pointed out (Winkleby et al., 1988). On the
other hand, urban bus drivers, in comparison to other individuals and other
occupations, also have, beyond measure, high percentages of labour absentism,
due to stress generated by the traffic environment (Mulders et al., 1988).
Nevertheless, it is interesting to point out that very few analysis have been
carried out on the stressful microaspects of this working environment.

Some recent studies on this subject suggest that some elements of this~
psychosocial environment of bus drivers are associated with stress. Gardell et
al. (1982) found out that bus drivers distinguished their job as a highly
generator of tension. Evans et al. (1987) report on the significant raising of
psychophysiological stress of these professionals during their work fulfilment.

The most frequently mentioned features as producers of stress on bus
drivers are pressure to stay on schedule, frustration in their inability to fully
assist passengers because of the time pressure, and disruptions of family and
other social activities because of rotating work-shift schedules (Gardell et al.,
1982; Mulders et al., 1988; Bartone, 1989). Near these psychosocial stressful
conditions some others have been pointed out -in this case also related to non
professional drivers- as pollution, nouse and traffic jams, being all these factors
capable of producing anxious behaviours (Finkelman et al., 1977; Jonah et. al,
1981; Reig, 1987; Bartone, 1989; Evans & Carrére, 1991).

It is obvious that the task of driving a vehicle bears the nearly chronic
presence of stressors of higher or minor intensity. Among them, the stressors
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that has been the aim of a greater amount of work is traffic jams, mainly in the
so known "rush hours". These situations are potentially stressful due to the
delays they impose and to the hostility they sometimes cause (Turner et al.,
1975). A study carried out by Novaco et al. (1979) evidences that automobile
commuters traveling more congested routes, in comparison to the those who
travel on fluid ones, show higher blood pressure, a decrease in their motive
skills, as a high index of somatic symptoms. Schaeffer et al., (1988) also find
on the drivers exposed to traffic jams, on their pres and
deficits on the carrying out answers, spec driving to onc sted
routes is associated to significant increases on the systolic and diastolic blood
pressure, indicating physiological anxiety.

In a recent work of Evans & Carrére, (1991) in which the connection
between traffic jams and psychophisiological stress on public transit operators,
the authors clearly find a higher secretion of urinary catecholamines as the
exposure to traffic jams in the rush hours is higher.

Other tig S gned to analyse the co nces of ures
to traffic jam nu r lated, show notable inc of the ¢ rate
(Simonson et al., 1968; Shiomi, 1974), skin conductance (Heimstra, 1970),
secretion of urinary catecholamines (Bellet et al., 1969; Mulders et al., 1988),
or changes in the respiratory rhythms (Shiomi, 1974).

We can infer from these works, then, that the exposure to certain
conditions of traffic environment can be related to increases on the activity of
our Nervous System Sympathetic (cardiovascular changes, an increase of the
electrodermic activity, as of the musculoesqueletal tone and the respiratory

ms). Event h it is genu that it is not po to indistinctly use any

ological an as an activ  n index, certain stency has been found
through the individuals according to various physiological measures. The
answers to skin conductance and cardiac rate seem to form and adequate index

of the state of anxiety, eventhoug | must be in mind. In all
cases, and eventhough no isolated e of the p logical answers
n
it
a

Driver Behavior Inventory (Gulian et al.,

evaluate driver's stress- with the physiological measurements, found
concomitances between two factors of the inventory (driving alertness and
overtaking tension) and acceleration of the cardiac rate on individuals driving
self-propelling vehicles.

The work group that develops the Driver Behavior Inventory, originated
a Gulian's figure (Gu 1987; Gulian et al., 19 1989a & b,
1 ews et al.,, 1991), a aches the studies on the ver stress, in
an attempt to explain the dimensions that define it and the factors that
contribute to its appearance and maintenance. The term "driver stress" is

e tially used in their investiga as a synonymous to the subjective
p ption of stress informed by d and only refereed to the driving task,
not the generated by the ble cts of ex Is rs to dr

Neverthless they consider " r st " as a fu n d by int

factors (traffic conditions) and extrinsic factors (personal live to driving). On
one ha p e bst Ity to the
driver’s g h 's y t traffic
environ d e e d s o traffic

events cannot only be experienced while driving but also in other following
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activities. They point out that pleasant life conditions (health, family, work,
etc.) can attenuate the driver' s stress levels, while the damage on some of
these areas could influence the driver's answer to specific traffic incidents and
to driving in general, contributing in all levels to increase the driver stress.

The approaching of these authors to "driver stress” is based on Lazarus'
Transactional model of- physiological stress. Stress appears when the
perceptions of task demands, in this case the driving, exceeds the driver's
abilities to face them (Lazarus & Folkman, 1984). Driving is assumed as a
stressing activity; so to speak, as a group of external circumstances to the
driver that can imply some extraordinary and unusual requirements, pointing out
the existence of strong individual differences, its susceptibility to stress when
driving. Driver stress is defined as a group of answers associated to perception
and the cognitive valuation of the driving task. The assumption that driver
stress is probably a complex syndrome determined by an interaction of local
and personal factors, is implicit in this transactional approximation. The answer
to stress can be an emotional reaction (p. e. an increase in the cardiac rate)
and/or behavioural answer (p.e. adopting an aggressive driving style}. Anxiety
is, though, considered as a reaction to stress; a subjective experience that is
directly connected to the gravity and the lasting of the threat. At the same time
they point out that the psychophysiological and behavioural answers to traffic
events are affected by the evaluation of the situation that drivers' do (Gulian,
1987; Hoyos & Kastner, 1986).

They consider that the driver's stress can be experienced into two
different levels, eventhougth they are conected:

1.- In agreement with Lazarus and Cohen's (1977) classification of the
stressing factors, at a first level stress could be induced from traffic events that
only take place in certain occasions and other which the driver has only a
limited control, this is the reason why they turn into situations susceptible to
elicit anxiety on the drivers. The higher anxiety level in these situations acts
attenuating the drivers'ability to rapidly and correctly process the information
and prevent the use of the required answer patron.

2.- On a second level, the driver's stress can arise as a result of a
continuous exposition to the traffic situations that exceed the driver's ability to
act in a secure and correct way. Following Lazarus & Cohen (1977) again, the
result would be little that occur daily with accumulative effects. Here driver's
stress is the consequence to emotional, cognitive and physiological answers,
accumulated during traffic situations, like large distance trips and daily journeys
(Stokols & Novako, 1981).

On the other hand, Sholomo Giora Shoham & colleagues (Shoham, 1975;
Shoham et al., 1974; 1976; 1977; 1984) undertake the studying of anxiety in
the driving ambit from the investigation on personality trait, adopting an
exposition based on the theory of trait. These authors understand anxiety as a
trait of personality, and answering predisposition relatively independent from
the situations. The departure hypotheses in their work is the following: the
individuals inclined to have accidents and/or perpetrate traffic offences do not
have a unic and distinct personality pattern, but rather behavioural expression
of two different personality pattern, that is: the anxious and reckless drivers.
The anxious driver, due to the structural imperfections of his innate personality,
tends to adopt an anxiety state when facing risky traffic situations; this is, the
anxiety level of a driver at a certain moment is affected by the interaction of
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two components, his personality trait and stimulative properties of the traffic
situation. The anxious driver id defined as an individual with a high anxiety-trait
level, a high ability to learning, and easy conditionability and a low level of
impulsiveness. The extremely anxious driver accepts the normative system of
traffic laws as legitimate and he will be a citizen that will accept and
accomplish the law in every field, including the traffic one. The hope to
undertake risks decreases as a consequence of the deeply traffic laws are
internalized. His search for sensations is not high so he does not take any
unne ry e ng. Neverth ., when he finds himself in a
confl or i S tion on the he will tend to assume higher
risks as a way of facing the situation and freeding the tension. This driver mixes
his emotions with his decisions and will develop an state of anxiety on the
situations in which he has to decide rapidly and almost instinctively. The
p ures and the ambiguous traffic situations will produce an approximation
c ct on him -similar to the one narrated by Fuller in his model of Threat-
Avoidance- provoking as a result, confusion and a loss of control over oneself
and one's vehicle which will probably make him commit an infringement or he
will be involved in an accident.

A final investigation, also bases on the anxiety trait' theories, is the one
accomplished by K. Tiwari & P. B. Behere in 1983. These authors tried to state
tha s do not occur ly, but that the ality var have
an role in their de n. They pay att to their ration
of anxiety as a personality trait that increase the probability of a car accident,
finding out that the injured individuals show higher anxiety trait levels, in
comparison to the non injured. The anx state in this in igation was not,
however, capable of distinguishing betw both groups of ers.

3. ANXIETY EVALUATION IN THE DRIVING AMBIT

We have repeatedly refereed to the scarcity of studies on anxiety and driving.
This scarcity is also proved in the number or self-reports specifically designed

| sS
r i nd
&
1974).
The Be (D.B.l.) in es 97 that contain the
following de ents and tudes ds them, health

state and driving consequences, work and personal relationships, occupational,
personal and domestic problems, emotions and attitudes towards driving,
towards traffic situations and the other road users and facing strategies to
general or specific traffic situations. It measures the frequency in which certain
behaviours (always-never) happen or categorizes behaviours or opinions (a lot-
nothing) into a four point scale. The D.B.l.'s analysis reveals that a general
driving factor (General Driver Stress) exists, as a five other factors that define
the general appraisal that the person has on driving:

1.-Di eofdr related anxiety -

2.-irr  ion wh ken

3.- driving aggression

4.- driving alertness

5.- overtaking tension
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The apparition of driver stress is linked to an increase of aggression,
annoyance while driving and frustration and irritation provoked by interaction
with others drivers, mainly in connection to overtaking and alert increases. Only
this last factor, according to the inventory authors can play a positive role in
complicated traffic situations.

On the other hand, the Anxiety Questionnaire (Shoham et al., 1974) is
based on the Manifest Anxiety Scale de Taylor (1953) and the Anxiety
Questionnaires for drivers by Sarason y Mandler. The scale is composed by 8
items that are answered affirmatively or negatively. The items represent as
much the physiological components of anxiety (before a long trip | feel that my
heart beats rapidly; when | get near a crossroad, my heart beats are faster than
usual; my hands sweat while driving) as the cognitive answers of anxiety
(driving with a lot of traffic gets me nervous; insecurity makes people drive with
precaution and have less accidents; when nervous | drive worst than usual),
however the locational spectre gathered is minimum and the answers are only
taken as expressions of this anxiety trait.

The rest of the investigations used the Manifest Anxiety Scale (Taylor,
1953) (p. e. Shiomi, 1974) or the State-Trait Anxiety Inventory: Trait Scale
(Spielberger et al. 1970) (p. e. Tiwari y Behere, 1983; Jonah et al., 1981) or
direct physiological measurements as the cardiac rate (p. e. Simonson et al.,
1968; Shiomi, 1974), blood pressure (Novaco et al. 1979; Schaeffer et al.,
1988) skin conductance (Heimstra, 1970), catecholamines' secretion (Bellet et
al., 1969; Mulders et al., 1988; Evans & Carrére, 1991) or changes in the
respiratory rhythm (Shiomi, 1974), not being any direct measurement of the
motive answers to anxiety found in any work probably due to the difficulty that
the act of controlling the locational context which these behaviours take place
would suppose.

?I:szHi ’IN VENTORY OF ANXIOUS SITUATIONS IN TRAFFIC

By the light of these investigations and due to the fact that in Spain there
is no proof that it has been designed with the purpose of evaluating anxiety
regarding traffic situation, we proposed to work out a general type of inventory,
that we named |.S.A.T. (Inventory of anxious situations in traffic) directed to
evaluate anxiety in front of traffic situations able to generate them, as a first
step towards a future development of an self-report that will make possible the
reactivity's evaluation of the three answering systems -cognitive, physiological
and motive ones- in front of a representative sample of the potentially anxious
driving situations.

The development of this inventory requires departing from a theoretical
model able to analyze anxiety from an up-to-date- perspective with a higher
consensus among the investigators during the last years the most relevant and
fructiferous theoretical contributions to the studying of anxiety are the ones
derivated from the interactive and behavioural models (Miguel-Tobal & Cano-
Vindel, 1989). Since the interactive model behaviour has been pointed out as
being determinated by personal and locational factors, but mainly by interaction
between both of them (Bowers, 1972, 1973; Endler, 1973). This model
emphasizes the need to consider the situation's nature in the study and
evaluation of anxiety, from the verification of the existence of specific
locational areas connected to individual differences on anxiety's traits. On the
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other , after the imp c es emerged in the conductism since the
60's, the definitive uc of cognitive variables in its theoretical
frame, anxiety stops being considered as an exclusively peripheral phenomena
in order to acquire a cognitive and main significance, making the conductual
conception of anxiety advance from the unitarian model to multidimensional

S, he is is put on lua ent way
3 -an systems (c log and on
ev of answers in es
At | in the anxiety evaluation f we can actually ob an
increasing rest, as much in the methodol al item as in the clinic ice,
to the lop of self-reports that adopt and intera
dingab va of situations potentially anxious and a i

. number of answers to the three systems in front of these situations.
Questionnaires that appraise locational areas connected to individual differences
and questionnaires that make and evaluation of the reactivity of the three
answering systems possible, are required (Miguel-Tobal & Cano-Vindel, 1990).

A review of situations connected to driving capable of generating anxiety
on population exposed to traffic has been due to term in order to develop the
I.5.A.T., as of the existent literature on the subject (Carrére et al., 1991; Duffy
& McGoldrick, 1990; Evans et al., 1987; Evans & Carrére, 1991; Fernandez-
Seara & Navarro, 1984; Furnham & Saipe, 1993; Gulian et al., 1988, 1989a &
b, 1990; Mattews et al., 1991; Monterde et al. 1991; Novaco et al., 1979;
Ragatt, 1991; Reig, 1987; Shoham et al., 1976, 1984; Stokols et al., 1978).
We selected a total of 40 situations that we classified into four types of general
situations potentially anxious: situations that imply evaluation, situations to
imply an impossibility or an obstacle to reach an aim, situations of a real danger

i n ci (B e
i c re c
e e at it

according to the type of locational dimensions (Endler, Hunt & Rosenstein,
1962; Endler & Okada 1975; Endler et al. 1976; Endler & Magnusson, 1976b &
c; Endler, 1978; Flood & Endler, 1980; Miguel-Tobal, 1985; Miguel-Tobal &
?Sgg-)Vindel, 1984, 1989; Cano-Vindel & Miguel-Tobal, 1990; Bermidez,

After a minary process of depuration, the definitive inventory
included 32 sit ns. In the followin' paragraphs we point out some of the
most relevants characteristics of it.

VALIDITY

The I.S5.A.T. validity content is verified by the inventory work out itself,
which's items gather a representative sample of po ally an ng
situations by | analysis, by consultation sed to t he
relevant fi inv ons on the subject.

The inventory structure was studied with the help of the Factorial
Analysis Method (Analysis of the main components with oblique rotation). This
first exploratory analysis allowed as to identify four locational ambits, relatively
independent. Thus the 32 situations that constitute the I.S.A.T. are gathered in

factors with their own values hi r than the unit, that all together are
ble of explaining a little more than % of the total variance.
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TRBLE 1: FACTOR ANALYSIS OF 0.S.Q.T.

EURALURTION: SELF-EVALUATION & EXTERANAL
EVALUATION (1.S.A.T.-1)

EIGENUALUE= B.78
NC [TEMS= 17 PCT OF DARIANCE= 27.2%

CRITICISM & RGGRESSION (1.5.A.7.-2)

EIGENUALVE= 2,82
N8 ITEMS= 7 PCT OF UARIANCE= 8 8%

ERTERNAL OBSTACLES AND RETENTIONS (1.5.A.T.-3)

E{GENUALUE= 2 13
Ne ITEMS= 8 PCT OF UARIANCE= 6 6%

RUTHOTITY'S EDALUATIONS (1.S.R.T.-4)

EIGENUALUE= 1.75
Ne ITEMS= 8 PCT OF UARIANCE= 5.5%

First factor, (I.S.A.T.-1), gathers 17 significant items. On this factor high
saturations are obtained by the items connected with self-evaluation in
situations that the driver establishes as difficult or dangerous and before which
he can feel or not capable of facing them (I a complicated crossroad, |
have to drive at night-time, to drive on unk roads, etc.), and situations
that implicate external evaluation (the people with me in the car do not feel
safe, they fall asleep, some other drivers honk the horn, people look at me

most p e

g i import n

n [ sp.e. s

de ansiedad (Miguel Tobal & Cano Vindel, 1988), the /nventario de actitudes

hacia situaciones generales (Bermidez, 1983), the S-R Inventory of General

Trait Anxiousness (Endler, 1978; Flood & Endler, 1980), the Endler

ensional Anxiety Scales-Trait (Endler et al., 1989) or the Endler
Multidimensional Anxiety Scales-Perception (review) (King & Endler, 1989)].

On the second factor (I.S.A.T.-2) high saturations are obtained on the

connected with criticism and aggression towards the d pro ing

the other drivers or pedestrians (another driver says so ing nst
me, he shows me his anger, he insults me, the threatens me...) this factor
establishes another step towards evaluations (in fact all these situations are of
an obvious criticism).

On the third factor (I.S.A.T.-3) the situations that highly saturate refer to
external obstacles and retentions; traffic jams, impossibility to overtake, etc., so
to speak, situation connected to the traffic environment that could imply a
delay to the driver in reaching to his destination at the time scheduled. In

general, this sort of si ons appears in investigations strongly
distinguished as stressful associated to se ns like irritation, tension
and anxiety. In general, the situations g ed in this cal p (not being
able to overtake, to travel in a jam, rete s, traffic j , tr lights...) are

associated to aspects like impatience, a variable that has been repeatedly
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considered as a factor of risk when driving, since Mira's first studies (1922), to

& Sol nourish elves on
ing on ant tone ivity and
Frust by the i ibility to
h an aim s the person to a ulate unpleasant feelings, possibly
ing to a sta f tension that couid n emotional disorder like anxiety.
h sa a he
tion. es in
refle ac of
Co this fac analysis has let us identify four locational areas
relatively ent, in h the individuals ing self-propelling vehicles
d rons ibility to out anxiety r ions. The low correlation
0 ined be the four f verifies its relatively independence.
TABLE 2: FACTOR CORRELATION MATRIK
FACTOR FACTOR FACTOR FACTOR
1 2 3 4
FACTOR 1 1.0000
FACTOR 2 -0.2429 1.0000
FACTOR 3 0.3298 -0.2334 1.0000
FACTOR 4 -0.3258 0.3386 -0.3238 1.0000
f of the ¢
of the a

on the

our investigation. In global terms, the
uments are sufficiently higher with a

trustful level over on per thousand.

TABLE 3: CORRELATIONS 1.S.A.T. WITH I[.S.R.A.
1.S.R.A. I.S.AT.  LSAT-1 LSAT-2 IS.AT-3 LS.AT.-4
TOTAL 0.608 0.614 0.412 0.464 0.473

P= 000 P=.000 P=.000 P=.000  P=.000
COGNITIVE 0.590 0.575 0.404 0.452 0.465
P=.000 P=.000 P= 000 P=.000  P=.000
PHYSIOLOGIC 0.535 0.579 0.332 0.407 0.420
P=.000 P=.000 P=.000 P=.000 P=.000
MOTOR 0.477 0.467 0.347 0.364 0.360
P=.000 P=.000 P=.000 P=.000  P=.000
FACTOR 1 0.576 0.593 0.367 0.403 0.475
P=.000 P=.000 P= 000 P=.000  P=.000
FACTOR 2 0.431 0.440 0.268 0.326 0.380
P=.000 P=.000 P=.000 P=.000  P=.000
FACTOR 3 0.484 0.496 0.334 0.413 0.347
P=.000 P=.000 P=.000 P=.000  P=.000
FACTOR 4 0.438 0.437 0.268 0.355 0.342
P=.000 P= 000 P=.000 P=.000  P=.000
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Finally, with the results handled at the moment, we can state thqt the
I.S.A.T. -as much its total method as its factors- aims towards a high validity.

RELIABILITY AND INTERNAL CONSISTENCY

I.S.A.T.'s reliability calculus was carried out with the help of two
procedures: Cronbach alpha (internal consistency) and the test-retest method
(empirical appreciation of the reliability's coefficient).

TABLE 4: RELIABILITY AND INTERNAL CONSISTENCY OF
I.S.AR.T.

-ARLPHA OE CRONBACH

[.S.A.T. 1.s.A.T.-1 I.S.A.T.-2 1.8.A.T.-3 I|.S.A.T.-4

0.9106 0.8575 0.8544 0.8158 0.8078

-TEST-RETEST

[.S.A.T. 1.s.A.T.-1 [.5.A.T.-2 L.S.A.T.-3 I.S.A.T.-4

0.8166 0.8225 0.7458 0.7656 0.7321
P= .000 P= .000 P= .000 P= .000 P= .000

~CORRELATIONS BETWEEN THE DIFFERENT PARTS OF 1.S.A.T.
AND THE I.S.A.T.

1.S.A.T PROBABILITY
LS.A.T.-1 0.920 p= .000
1.5.A.T.-2 0.752 p= .000
1.5.A.T.-3 0.771 p= .000
1.S.A.T.-4 0.810 p= .000

The alpha's obtained for the total I.S.A.T. and its factors are, as you can
appreciate very high.

On the other hand, the I.S.A.T.'s temporally reliability and consistency's
index also reach very high values, even more if we keep in mind that the
stretch of time test-retest was two months, wild the customary is four months.
next to his the correlations between the different parts and the total (internal
consistency) are highly significant (p=.000). We can concluded from all the
results exposed that the |.S.A.T. has a high internal consistency and a good
reliability. S

5. CONCLUSION

Till now we have developed a first inventory that fulfils a traditionally
neglected area in the evaluation of the variables connected to driving and traffic
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safety, this is, the traffic environment one as an anxiety generator on the

driver. The I.S.A.T. p des a global punct at the s time as
punctuations in four di ct locational ambits ions that i cate self-
evaluation and external evaluation; criticism and aggression; external obstacles
and re and situati that implicate evaluation by the horities); from
it, we to have co uted, for the moment, with suff nt information
Y y),- it to
v I ivin s, .) (B
1 rst en to d

more in the traffic anxiety problem, which we hope will contribute to activate
the investigation on this field, which we find very interesting.
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Herbert GSTALTER Diagnose & Transfer
Minchen, Germany

[IABILITY AND FFIC SAFETY:
OF OR IN A R D TRAFFIC
TICS (RTI)

Report - working group C

The working group had only contributions, the announced speech by Mr.
Ridwan from Indonesia could n resented.

r

possible measure of safety, in-depth accident analysis and interviews.

Wolfgang Fastenmeier gave an overview of our recent investigations using error data

fects of new t ed
S on in-car nav on
subgroups of de

route guidance system.
The aim of his presentation was to show how error-counting methodology works and
how it can be modified for different research purposes, and he wanted to give

examples of the kind of results you can get this kind of error d So his
presentation mainly relied on empirical work we done in the last few rs.
Heiner Bubb in his presentation showed a theoretical approach to driver reliability or

r . He r gto ion of the drive

a | of ving his is to descri

h hat use acc ts and thus

avoid the reocurrence of these errors, respectively.

Both contributions have been discussed together. After the speakers had answered
some informational questions to exclude misunderstandings, a broader discussion on

the use of error a arose. N nied the pr utility of f research in
traffic safety in eral, but it clear, that conceptual still has to
be done.

Some of the central questions research work in the future has to try to answer are
the following:

# Is it possible and useful to distinguish between errors and traffic violations?

# Which of the existing taxonomies of human error can be applied to the traffic
context?
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# Errors themselves cannot be observed or counted-only their behavioural
outcomes. What does that mean with regard to observation methods and the
interpretation of results?

# How should errors be defined in relation to normative task analyses?

# What are the causes of errors - how can the causal approach to human error
enrich the outcomes of the frequency approach to errors?

# Is traffic a sufficiently well-structured area, so that research is able to define
errors as deviations from a correct normative behaviour?

Of course, not all the questions raised in the discussion could be answered
satisfactorily in the working group. But | think that the discussion was an
encouragement to give the error approaches more attention in the future.

Aft s discussion, Pierre van Elslande gave a paper dealing h the evaluation of
RTI nology by means of in-depth accident analysis and o on investigation of
users. Results showed, that the users preferred informational over automatic aids;
they accepted automatic devices for situations of extreme urgency, only. Credibility
and public use of the aid will depend on the usefulness of the messages, their
timeliness and of course on system reliabilty.

In total, the results showed marked differences between what the users of RTI

systems w hos tions that the RTI system desi sn ays give to
them. This has debated at shortly. Because - cia the DRIVE-
ETHEUS context- sys des have got lots of feedback and

r from users and behav | sci on what is expected by drivers, it

was inferred in the discussion, that users and system designers might have quite
different objectives in mind, when they develop ideas for the car of the future.
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Wolfgang FASTENMEIER Diagnose & Transfer

Herbert GSTALTER Michen, Germany
A NS OF E IN SAFETY
A (0] T DS IES

1 Introduction

dealing with the development of new
logies in vehicle equipment aim at an
ETHEUS, DRIVE). Therefore, it has to be
ing criteria and methods for an evaluation
asures have to be applied and approved
under real traffic conditions. Research indicates evidence that an evaluation of safety
effects completely relying on accident data will not provide reliable future safety

ass (o)
acc t
acc t
ava e

a set of criteria and methods to be used for a quick and efficient road safety
evaluation without having to rely on retrospective accident data analysis.

2 An Interaction Model of the Traffic System

i n

g ).

e f

, r
specific, observable traffic situation) to vary between the extremes of correct
aviour of road users, slight traffic licts
between the two poles. In the dir n of

us but less frequent.

a can be transformed into discontinuous
units by clustering similar traffic situations according to certain observable criteria or
operational defi ons. Thus, the safety continuum can be by a model of
the traffic flow t consists of system states and transitions states. Such a
concept is illustrated in figure 1.
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lllustration 1: Interaction model of the traffic system
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The bottom row of illustration 1 shows that the accident is regarded as the end of a

sequence of events. One would expect an dent to have preceeded by
dangerous situations and erroneous behavi , i.e. disturba in the traffic
3 The less distu es occur, the more reliable the system will be. The
n of errors introd to the traffic system by its various elements gives an
p from ms engi ing w the
b erron and cor perfo i.e.

The arrows in illustration 1 point to different parts of the model and show strategies
in safety efforts:

exp re . ating
er's abi if re to
exa es a
(3) hazard ge t: coping with situations including disturbances in the traffic
system. A m illustrates these situations can be of different degrees of

argins provided by road infrastructural

ation by other traffic participants and the

ory action.

re safety measures and countermeasures

he traffic system can be diagnosed. The
potential of the reliability analysis is given by the simple equation

number of errors = exposure to hazards x HEP.

osure measures. We shall not go into too much detail but describe some
cal applications of the error data approach in the next ch

3 of ent Applications of Error Counting Methods for
Purp

The prerequi for an ap n of beha ral and data is both a

precise and ailed d of incidents an ob e and reliable

observation technique. In this context our working group has produced various

techniques have applied in several field s es. Some results of e

recent field s will rate the broad scope of lications of error co g

methodologies.

b e

n |

Ll E
supplies drivers on the road with curre a
which are transmi to layed in the cars. In this study an observation
technique for non- dar routes used combi registration of
S onal characteristics and driver beha (Galsterer, ier & Gstalter,

1 Galsterer & Gstalter, 1990).
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Observation sheet LISB

SHEET, situation type t LO_A @
Driver behaviour m [CTV m F.—V
Display Running (error) ———— ———— ————
D
Head ort ————
Dista all left c 1 c 2
Distance too small right
- C4 C6 p
D
T D
({1} {E} -——- C 8 A D T
an D v _————
- emee eee-
e B
° ——— e ———— memm m———
Traffic light T T
insufficlent ion -———— eece mm—- ===
gemor  emmem eeee == eems
error m———— ——em ———— mmee ee=-
Impedes an ——me emee mcee emm- ———. mmme m—e—
Endange trian 0000 m=e= ~em- ———- ceme  mmee emem ——me
Conflicts ceee emee csee esmee ———- c_—e meem —m——-
Miscelleneous ~ m——= ==e= ———— mmme eem= me——

Illustration 2: LISB-Observation sheet for non-standardized test-routes

To get an idea of if and how LISB has an impact on safety and driver behaviour, in a
first part of the study a related sample of 25 drivers out of the 700 in total in the
large scale test was accompanied by an observer at three different phases: without
LISB, shortly after the installation of LISB and nine months later after the drivers had
got used to the system. The observer scored errors and traffic conflicts during
routine trips of the subjects on a standardized observation sheet, based on the
"Vienna Driving Test” (Risser & Brandstétter, 1985). Driver behaviour was assessed
according to various aspects of speed, intervals and gaps, tracking and lane use,
blinker-signals and communication, guarding in general, approaching intersections,
behaviour in intersections and behaviour against non-motorized traffic participants.
How the observer has to assess driver behaviour is fixed by means of observation
guidelines. Two examples of error definitions shall illustrate how the observer has to
judge the observed driver's behaviour:
Speed too fast: the running speed of a driver should be as it is both prescribed
by law and recommended by characteristics of the traffic situation. Driving more
than 10 km/h above the speed limit is regarded as an exceedence of speed not
being adequate to the traffic situation. In residential roads even driving at the
recommended speed limit can be regarded as inadequate.

2. Lateral distance too short: the driver has to keep an adequate lateral distance
both to other cars, objects or obstacles and to non-motorized road users being
on the same carriageway or on a lane for opposing flow. As a rule of thumb we
su t: a corre I d e ag g objects Id be at least 1,5
m, inst fixed at Tm. i ext, the s is of importance,
too. This rule also holds true only for cases, where circumstances in the traffic
surroundings do not force other manoeuvres upon the driver.

The observer also collected several kinds of exposure data: he described the traffic
situations, i.e. characteristics of road segments and intersections, by indicating their
type in the top row of the sheet. In addition, he counted the frequency of different
manoeuvres of the drivers, e.g. lane-changing, overtaking and turning. These
measures served as basic exposure information so that error rates for different
driving tasks in defined situational classes of the traffic environment could be
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A of m y / hig (5 ca ies)
L of ru count ds (2
C oads )
H Ho tal shape (2 cat.)
V Ve shape (2 cat.)
E ures, bottlenecks (2 cat.)
F (3 cat.)
The system is compl by time-variable characteristics such as traffic density,
visibility- and weather itions.
e 2, instance the a a C1
and rating strip (ring ) the
| roa
Some of the main results were as follows: ex re data showed d changes
inte ions used. With both the
number of ed junct increased.
and turning uvres de sed.
followed a V-shaped distribution over the
introduction of the tion system
us and exact. The Il error rate

The number of speed errors was smaller
f these positive effects had vanished or at
rate was up to 30% again at that time.

Error rates in %

Errors in main roads
] Errors in minor roads
3 All errors
[ Driving errors
[ Signalized junctions
[ Speed errors

3 Unsignalized junctions
Phase 1 Phase 2 Phase 3

lllustration 3: Error rates with and without LISB

Our explanation is, that we can find -here a typical habituation effect. The initial

tensi Sys
that om
they of

now at the beginning of the trip, the
would be used that particular day. It fol
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was possible again and driving behaviour shifted into the direction of the initial
behaviour.

The usefulness of a navigation system like LISB should clearly increase with
decreasing knowledge of the area the driver has to find his way in. The orientation
task increases the mental workload of the driver and less cognitive resources are left
for the guidance and control level of the driving task. There 18 of our or |
subjects were observed during trips in unknown areas of the network. In r
to compare their driving performance with the routine trip results all other
independent variables were held constant. One remarkable working step of this
analysis was to compare those error data with some accident data, demonstrating a
significantly increased accident risk of strangers in bigger German towns (accident
data taken from Engels & Dellen, 1989).

70 %
60 %
50 %
40 %
30 %
20 %
10 %

0%

all errors speed headway lane chang junctions

e r (routine trips) [1e r (unknown areas)  strangers risk ® strangers risk Munich |

Illustration 4: Comparison of error rates (e r) and strangers accident risk

Illustration 4 shows the error rates for the routine trips (left column) and the
corresponding values for the unknown areas (right column). The rectangular and the
star represent estimates of an expected error rate value, based on the average
accident risks for strangers in general (stars) and for Munich (rectangular),
respectively. The total error rate remained unchanged. The expected rate was clearly
higher: the conclusion is that the navigation system had been helpful. The next two
pairs of columns show the error rates on broad main roads (C1/C2/A) and on minor
roads (C4/C8). Here, the influence of LISB is evident: error rates between
intersections do not rise in unknown areas but even show a strong tendency to drop,
whereas the usual strangers risk is high for these classes. Obviously, the early
announcement of the route direction, the lane recommendation by the system and
the bar graph -an analogous indication at the display of the remaining space to the
next turning point- had been powerful means in supporting the drivers orientation
task.

Errors in speed (driving too fast) and distance (too short headways) are not specific
for the orientation problem. Therefore, the accident causation risk is equal for these
accident types both for residentials and for strangers. For that reason we did not
expect the error rates to change in the unknown environment. Indeed, errors
according to speed and distance even decreased in that part of the field study where
trips in unknown areas were under observation.
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A different result could be noted in the intersections: Error rates went up for all types
of errors inside the junctions in the unknown parts of the road network. This is
primarily because LISB has nothing to offer in helping the drivers in their orientation
task within the intersections. The rise of the error rate for all kinds of errors in
junctions was as big as we had expected from the stranger's risk data (compare
Gstalter, 1991).

As a whole, the structure of the accident risk data and of the error rate data show a
very interesting correspondence that should attract. more attention in the future.

cti oural is a
dri pose s to
in ut ho s of
drivers (unexperienced, routine, elderly rt s) ¢ be ctively
assisted, i.e. which kind of information- t is uate app iate in

which kind of traffic situation (e.g. Fastenmeier, Reichart & Haller, 1992).

This was based on the assumption that various kinds of driver-assistance- and driver-

information systems are needed in order to compensate group-specific driver

deficiencies:

- information processing of drivers in general is dependant on distinct situational
characteristics to be found in traffic reality

- heterogeneous types of drivers are confronted with these varying situational
demands, i.e. there are different levels of driving experience, driving skills and
performance characteristics

- there are different kinds of critical tasks and situations for different kinds of
grivers as well as there are different information needs for different kinds of

rivers

In this field study one of the main elements of analysis was an observation sheet for

representative and standardized test trials. This was, because on basis of detailed

drivers' exposure data, a catalogue of traffic situations for representative trip

purposes was compiled and transferred into the construction of a representative test
su to the traffic ity of ich (Fastenmeier, 1993). This catalogue
es fic situations for resent trip purposes of drivers as follows:

- Driving from/to work: this comprises the daily route from/to work (this
catalogue was taken for the representative test route).

- Driving for carrying out purposes such as: consulting doctors and authorities, to
go shopping, etc.

- Driving for leisure purposes: all kinds of driving in leisure time, usually for short
distances, in to visit friends, perfor s, etc.

- Driving on w d: as far as it is cross- y and leading back downtown.

This representative test trial

- allows for a generalization of results e.g. gained by investigating driver
behaviour,

- takes the quantitative and qualitative exposure of drivers into account,

- contains "typical” traffic situations, i.e. tasks, drivers are confronted with daily,
and

- inclludes the analysis of the task complexity of each traffic situation on the test
trial.

Driver behaviour and driver errors were observed by means of categories and

variables quite similar to the LISB-study, but due to the purpose of the study on a
much broader scope.

165



The data gathering logic of this study worked well as for example a vast number of
variables differentiating between the examined samples could be revealed and some
relevant mendations for individual/g sp ic aids could be given. Due to
the regis of both situational and be ur- ted data, again error rates and
rates of correct performance could be calculated on a very detailed level.

Giving a short survey about driving performance of the subjects in general, this s
indicates evidence that elderly and novice drivers could be labelled as "prob
groups.

Examination of unexperienced drivers showed marked deficiencies according to the
following list:

- errors in lane keeping and lane changing

- low guarding in general

- low guarding especially in the presence of non-motorized traffic participants
- avoiding obstacles

- too short lateral distances to pedestrians/cyclists

- slow speed combined with sudden inadequate accelerations

- high speed in "easy to handle” situations

- corner-cutting

- orienting in general.

Viewing strategies are remarkably ineffective: when gathering information prior to
e u manoeuvres (lane changes, merging, curves, turning) novice s are
s fi ly more often turning their head around (instead of using mi than
experienced drivers. Moreover they prefer more direct looks, fewer glances to the
outdoor mirrors of the car and fewer glance sequences.

Elderly drivers rank high especially on topics such as

- red-light errors

- passing intersections with right of way for other road users

- turning in intersections in the presence of pedestrians/ cyclists
- inadequate deceleration

- velocity either too slow or oscillating

- lane keeping and lane changes

- corner cutting

- guarding in general

- loss of car-handling skills.

The viewing behaviour of elderly drivers shows significant reductions in several
aspects: decreasing use of information acquisition by outside and inside mirrors of
the car and omitting turning their heads prior to executing manoeuvres, on the
contrary more direct looks to the front.

Moreover it turned out that experienced drivers seem to be worse than their
reputation, because this field study revealed a relevant number of marked
deficiencies as well (especially lane keeping, turning in intersections, traffic violations
and the frequency of critical incidents), whereas the "expert drivers" could be
labelled as "best-case"-drivers with high preview and anticipation capacities, high
information processing speed and highly automatized handling of the car.
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Error rates in %

39
Experienced drivers 33.3
36 Novice drivers
33 Elderly drivers
30
27
24
19,3
' 18,2
21
18
15
10- 105
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s 45

6 /

3 .

Red light errors Non-guarding

lllustration 5: Red-light e s and Non-guarding of experienced, unexperienced and
elderly drivers in C2-K1-s  tions -

ting the more ailed level of analysis: In

(K1), on a sp | type of a broader main
corr between red-light
ons!) arding of all driver

can find distinct differences between
rs; but es ially elderly drivers are
h is a typ example of a class of
ncies in road layout and where the driver
solutions to be discussed in this case are
other placement, better contrast-control
. by Head-up Displays.

Another example for attaching specific
of traffic situations is shown in illust
odology it is not only possibl
een various populations of
concerned, but also to show in which kin

m def cies in their viewing

As insta the use of the car's

ecially for main ro such as city

roads two carria s and strip (C1) and s with one
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and t in this e s with
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Type of road Experienced  Unexperienced Elderly Significant

(Group 1) (Group 2) (Group 3) Differences

Cl 29,39 21,61 17,60 1vs.2|/vs.3
C2 27,57 22,42 24,61 n.s

C3 20,45 11,93 9,61 1vs.2 1vs3
C4 25,97 14,28 9,34 1vs.2 1vs.3
Cs5 24,54 8,18 15,38 1vs. 2

Cé6 19,31 9,65 8,65 1vs.2 1vs3
C7 22,72 14,09 15,38 1vs.2 1vs3

lllustration 6 : The use of the car's outdoor mirrors by experienced, unexperienced
and elderly drivers in different road types (frequency in %; p<.05; p<.07)

As mentioned above, we also did some more theoretical work on the driver errors'
topic recently. So far, we can supply a classification of driver errors and respective
exposure data, which is theoretically sound. In the context of PROMETHEUS, our
methodology is actually applied in field studies, dealing with Dual Mode Route
Guidance Systems (CED 9) and Autonomous Intelligent Cruise Control Systems (CED
5). Altogether, our error counting approach and methodology is to become one
important element of an integrated safety assessment by efficiently supporting
already existing methods (accident estimations, expert assessments, safety
checklist).
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RELIABILITY OF
A OF L VEN OF
DRI/ IL
1. Introduction
As in r technical area hu operator an ant role as initiator of
accid in traffic on the icr Even if a ts rting from a deviation

from the normal and usual course, whereas of course these deviations can have
technical reasons (e.g. a breake down of traffic lights, insufficient tire pressure), in
most cases the human operator is the main cause of accidents (estimations are

in a o .

as er tr |

e be to b
p us be th this he
q arises ct laps a
c on to (o} al, o or

training measures.

2. De and fundamentals
Xc S d
ng h n
st n B
or o c
participants) on the road, such contacts can be assigned as primary errors. Traffic
regulations as e.g. speed li prohibition of turning etc. s d antee to avoid
these primary errors. To i such regulations can be ¢ or as secundary
errors.
As c s would not arise case under given conditions, the human error
is to by the means of ility:
uman error is the pr y ( Error Probability = HEP) to do an
out-of-tolerance dur ob n period.
ati the huma r can be quant by the rel frequency while the
of rrectly ac ished tasks is ed to the ber of accomplished

number of incorrectly accomplished tasks
HEP =

number of accomplished tasks
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The human reliability is defined as the mathematical complement to the error
probability:

The human reliability (HRP) is the probability of sucéessful performance of
human activities for either a reliable or an available system.

HRP = 1 - HEP

The fundamental problem of these definitions lies on the one hand in the
determination of the number of performed tasks (in this connection it should be
considered that driving is a continous task, which can be described in many regards
by means of control theory) and on the other hand in the observability of the lapsus
itselfe. Fig. 1 shows the basic structure of every man-machine-system, which can be
applied to the task of the driver: The driver transfers the information needed for the
driving task, which he transforms into adequate movements of control elements -
turning the steering wheel, changing from accelerator to brake or clutch , etc.. The
vehicle will now perform the desired movements on the road. The driver constantly
observes this result to compare with his task. Recognising any deviations he deduces
again changes in the position of control elements. Additionally to this feed back of
the result the driver uses directly the proprioceptive feed back of the position and
forces of the control elements and further feed backs from the vehicle (e.g. the
engine sound). In principle there exist two locations in this interaction structure
where human errors can be observed:

task result

man machine

Fig. 1: Possible observation points within the structure of the man-machine-system

1. directly by observing the human action; this is possible by observing the
positions of the control elements. But, in order to detect errors in the meaning
described obove the knowledge of the "correct™ movement of the control
element had been necessary. If this would be known in every situation, a
completely automatic driving realized by technical means could be possible.
Except in artifical research situations (e.g. experiments in driving simulators)
this observation location is excluded in practical cases.

2. indirectly on the result. In this case the deviation of the car from the correct
course respectively from the correct velocity is specified as an error. This
location of observation also gives reasons for difficulties during the practical
judgement of errors, which are given by the impossibility to determine the
correct nominal course in any situation. But, the accident goes unmistakebly
beyond the bounds of acceptence. Therefore accident research is an essential
resource for the human error research. Furthermore today the observation of
"nearby accidents™ or even nonspectacular driving errors (see the contribution
of Fastenmeier and Gstalter in this booklet) is getting more and more important.
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Irrespective of the described problems of observation there exist basicly two
possibilities to classify human errors. By separating the exact conditions of the
error and by asking "Where", "How", and "When" the so-called event
orientated classification is created. The usual accident statistic is one form of
such a classification. Fig. 2 shows as an example the relative accident
frequency in the Federal Republic of Germany after the ADAC-accident-statistic
of 1991. This statistic points out that the best potential of success lies in the
c "igno the of "excessive speed”, and "wrong turning”,
b t kno ge re for the observed behaviour measures for
improuvement can not be derivated effectively. This serves the cause orientated
classification of human error, which asks for the "Why" of the wrong
behaviour.

. B
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Fig. 2: Relative accident frequency of different driver errors according to the ADAC
statistics (1991) as an example for "event orientated classification”

3. Causes for human errors
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sensory Intormation-
processing processing:
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kinesthetic
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speech
proprioceptive

-

Fig. 3: Schedule of cause orientated classifications of human error
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The categorization of Hacker (1987) proceeds on the fact that in a given case the
information, necessary for action, is not available. Fig. 4 shows by an example that
such effects occure very often in the daily traffic practice. Hidden obstacles can be
objects in the surrounding area, the car itselfe (e.g. hidden by the left respectively
right A-column) or passengers. The possibility of errors is increased by the fact, that
the human eye is only able to see clearly within a viewing range of 2° - 3°, and

rm ca at
f al is on
n le, do low

pattern" expected according to the first glance and impression.
to t4

4 to

cabin

Fig 4: Hiding effect. Here: The pedestrian (left} crossing the road is hidden from
the view of the driver by a bus stop waiting cabin.

The area of utilisation of information is devided by Norman (1991, 1986) into
mistakes and slips. By mistakes errors are ment while generating the intention of an
action and by s/jps, errors while carrying out an action. The former can be assigned
to "information processing”, the latter to "motor processing”.

The three level model of Rasmussen (1981) is concerned with the information
processing and considers different levels of skilledness of the driver. On the lowest
level of skilledness are the peak cognitive processes, which are characterized by
weighing up and deciding on different alternatives. On this so-called /evel/ of
knowledge based beaviour, possibilities of error are characterized by limited
rationality and genuin mistakes. Especially on this level the limited capacity of
information processing by the working (= short term) memory of 7 = 2 chunks
(Miller, 1956) is of great importance. Getting more and more familiar with the
problem, more and more comprehensive "chunks"” are created, which now appear as
complex rules in the so-called rule based behaviour and select, by triggering stimulus
configuration, the applicable corresponding action. Errors on this level can be
indicated as errors of disturbance or description. In the case of peak skilldness no
concious concern of problems takes place at all, on the contrary, the action is carried
out automatically. Here the typical errors are the so-called "stereotype errors” which
means "act like allways (before)" allthough the inducing situation has allready
changed. Such errors are called "errors of action”.

4. Human Errors performing the drivers tasks

Especially the model of Rasmussen is a good basis to compare the requirements of
the driving task with the level of human information processing. Fig. 5 shows an
illustration of the partial tasks by which the driving task is composed of (after
Bernotat, 1970; Kelley, 1968, and Johannson, 1976). During the navigation task the
special way between the starting point and the destination point is selected. From
this the course and the average velocity is derivated. This data is the task of the
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below following level of task, the so-called guidance task. On this guidance level,

| i to
' al
' th
i
b to pe
v e. the ce will be . For example, the
a | acce leads to a reduction of speed
I nding sect road blocking on the
| ch pr sap Y. means a change in
n new i.e. a
Level of task
+
C
Navigation Co
+
Guidance o)
+
Stabilization
D~
Vehicle
Fig. 5: The hierarchical enc lated partial tasks "navigation"”, "guidance", and
"stabilization" of the driving task
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Hale et al. (1990) juxtaposed the described levels of the driving task and the levels
of cognitive information processing by specific examples (see tab. 1). It is very
important, that on the one hand, depending on the level of processing, different time
periods are necessary; and on the other hand, on the side of the task levels, only
limited time periods depending on the situation are available. It can easily be
understood, that a dangerous situation arises, when the necessary processing time is
longer than the available time.

ko] Planning Manoeuvre Control
S (Navigation) (Guidance) (Stabilization)
- 3
Timeavailible = .
g sec-(min) sec ms
=
Knowledge = Navigationin Controlling a skid Learneron first
€ strangetown onicy roads lesson
E
Rule o Coicebetween Passing othercars Driving an
3 familiarroutes unfamiliar car
Skill @ Home/work travel Negotiationfamiliar Roadholding
junctions roundcorners

Table 1:Juxtaposition of the levels of cognitive information processing after
Rasmussen and the different levels of the driving task. (after Hale et al.,
1990)

As already described modelling of the driver was carried out especially on the
stabilization level. Significant and promising beginnings of modelling of the guidance
task are not known as jet, this is a shortcomming, since on this level most of the
errors occure. This is important, as nowadays by the successively improved vehicles
hardly any errors on the level of stabilization occure. Errors assigned to this level by
superficial consideration have often occured already on the level of guidance (e.g.
"deviation from the road driving curves” often is assingned to drivers error - "loss of
control of the car"; in reality this error occured on the level of guidance since the
speed chosen was too high in view of the situation). In the following, a beginning of
a drivers modelling is proposed and explained giving some examples how a gain of
knowledge can be principially achieved by it.

The basis of the performance of the guidance task is the creation of trajectory
between the center of the own car and the perspective vanishing point of the
observed road (see fig. 6). Not in every case it is possible to see this vanishing point
directly. The human sensory perception of special perspective interpretation helps to
interprete realistically mental extropolation of the left and right side of the road
boundary, which improves by increasing drivers experience (see fig. 7). This
trajectory has generally to be changed depending on the traffic situation. Fig. 8
shows as an example the deflection by a stationary obstacle. As illustrated by fig. 9
the situation becomes already more complex, if an obstacle is moved in the same
direction and if additionally an other car is passing on the opposite road side. In this
case the trajectory not only must be deflected appropriately but also in a complex
interaction of the different influences including the time-dependance.
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Fig. 6: Trajectory between the center of the drivers car and the vanishing point on

the ho mentally created by the driver as basis for the performance of
the gu e task

Fig. 7: Creation of the trajectory under the condition of reduced visibility

Fig. 8: Deflection of the trajectory by a stationary obstacle
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Fig. 9: lllustration of the dynamic deflection of the trajectory by moving trafic
) participants
he pa p ed
r flow is
| ks (re ns
b It can
d . The o
g is the
F ro a
ti t '
a is th
o] i b o

participants, crossings and junctions. These influences can also be represented by
the here used technique of flow diagram; however, they are very comiex structures,
which cannot be demonstrated in this context (see Schemmerer, 1993). But already
fig .10 makes it possible to demonstrate the basic errors of the driver on the level of
guidance, which occure over and over again in the same manner during the
mentioned detailed analysis. Two basic causes of error can be observed:

determe the
desired speed vdeg

estimate the
visual range

obstacle?

nominal course nominal speed v,

Fig. 10: Modelling of "internal models” (nominal condition) of the driver necessary
to perform the driving task
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1. Simplifications

the of view of road y - the necessary widespread network in the
ed n | behaviour as s in fig .10 - is not realized in the given real
c means for example generally the t e branches "estimate the
v I e" respectively "esti the stopping d remain untreated. This is

quite understandable where the driver is concerned, since on the basis of
fundamental mechanisms of perception and of experience a good estimation of the
vanishing point of the road boundaries is possible and consequently the trajectory
can be tracked reliably in their basic form. By the way, this could be a simple
explanation for the strange behaviour of many drivers, in situations of reduced sight
conditions, after the event. Such simplifications often show up when describing
treatment of complex trafic situations: For example frequently a crossing is blocked,
because the driver only realizes the branche "reduce distance to the car ahead" but
does not observe the side branche "in case of a crossing...... ",

2. Estimation on an uncertain basis

Many a decision in the daily traffic must be made on the basis of experience data.
Fig 10 shows as an example "estimate stopping distance" and "estimate maximum
possible lateral acceleration”. These values can be estimated only with sufficient
acc if the driver has up a large unt of exprience following manouvres
like ted breaking res ely repeat king and cutting of bends and curves
on the road, reaching his physical limits and even exceeding these. The occasional
exceeding of these limits combined with a shock as it occures during normal driving

p as well as a never special in dr training will not be
e Safety can only be , if, by ical m s, it is ensured that
driving s on a level s d by experience. As a ure for that, the
author ( 1980, 1991, and ard 1992) propose indication of the

stopping distance respectively of a safe distance by a contact analogue Head-Up-
Display A further measure can be the Active Control Element (Bolte, 1992). As the
already mentioned analysis shows, there is a great number of further situations
which make actions necessary on the basis of such uncertain estimations. In this
context we might just mention overtaking or approaching a crossing where the driver
has to give right of way.

In future, further even more detailed analyses of the guidance task extended by the

s of Fuzzy-Control-Theory wiill indications for technical measures of error
ion as well as a solid base for r education.
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IDEN TION A ON ROAD SAFETY
Gen lack of the g d view of road ac , give us the d ulty on the
iden ion and prio ing on road prog ng. We need integrated

analysis on road accident; process, causes, impacts and elements of transport
system related.

If the accident processes be analysed deeply and integrated in the road accident
model, we will find that the interrelation between driver, vehicle and road are very
important in the accident. Neglige these aspects in the process design or driving, it
may be the causes of the accident. The characteristic of the interrelationsship may
be for example:

Relationship Subject to

1. Communication Information panel, ability to react,
together and lighting

2. Adaption Ergonomic pilotage and wagon

3. Protection Vehicle interior, safety facilities

1. Communication Design and position of road signal,
lighting ect.

2. Adaption Color of road signal

3. Protection Physical design of road and its

environment

1. Compatibility Standardisation etc
2. etc.

The above analysis and modelling can guide the programmer to define the specific
programs on road safety. The objectives of the programs can be:
1. Minimize the technical error of the vehicle, road and driver

2. Minimize the risk of accident
3. Minimize the risk of the post accident - rescue programs.
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A QUALI TIVE EVALUA OF RTI DEMONSTRATORS
IN-DEPTH ACCIDENT ANALYSIS AND OPINION
INVESTIGATION

/ - INTRODUCTION : PREVIOUS RESEARCH WORK

The present study follows a trend in research carried out over several years by the
F h Road Safety Institute (INRETS), on the a priori safety assessment of driving
a

In spite of the biases necessarily associated with type of method, as we
evaluate systems that do not yet exist, in situat where they are re not
p the advantage of an a eva is that it room for ergonomic
c ion: in other terms, we to in a pros way, before these
devices are actually manufactured, how the aids are to adapt to road situations and
the functioning modes of ators will have to use ; rather ait for
problems to occur before can lly be corrected. ction er is, of

course, an essential factor but one that is better suited to the final stage of this type
of research dynamics.

The work performed in collaboration with the atory of Driving ology, the
Department for Accident Research an{ E on and the IN Accident
Mechanism nt, is in keeping with a dialectic that consists of using the
resr:ective a and mutual benefits of quantitative and in-depth road accident
analysis.

Identification of actual driving aid needs and conditions for potential system effectiveness

In-depth investigation Quantitative analysis
Detailed data bank Statistical data bank

Definition and assessment of the safety impact of RTI systems
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The first s of the work Elslande & Malaterre, 1987) was qualitative, and
dealt with identification ual drivir g aid needs, based on a detailed analysis
of accident data collected on the spot.

In the second stage (Fontaine et al, 1989), the impo of these ds for drivers
involved in accidents in France was eviluated q tively, u a nationally
representative sample of police accident reports.

A third stage of work at et al, 1992) consisted of estimating, still in a
statistical context, the a pr ess of the projected aid ions (as they could
be defined from the PROMETHEUS documentation) with i ed driver needs. It

also entailed drawing up an assessment of the relative ability of the functions to
prevent specific types of accidents, and to what extent.

As these latter assessments are based on assumptions for the optimal of aids by
drivers, one of the last stages of this research (Van Elslande & Nacht éle, 1992,
1993a) was again based on in-depth accident data, so as to identify the different

pa yt a
ne ed e
de c g
ex .
n info we
d d to ese
fa th a atic

difficulties are encountered.

Il - OBJECTIVES

The progress in work performed by car
PROMETHEUS (1990, 1991) has enabled
demonstrators (a demonstrator can be des

in gr depth the tions they perfo
(e.q. tion range, ating capacity, etc.).
e inary res logic, ought to
of demons s desi primarily
on European Demonstrator n°4") and the
CEDb5*.
It should be noted that the specifications considered for this estimationprovide only a
that corr to a given time. The projects are pro ing rapidly
y, 1992 ; et al, 1993 ; for example) what raises the em of how

long estimates remain valid.
990 and 1991, a quantative study sh g
i , 1992) has enabled us to define the y
I for those involved in the accidents that occur
each year in France.

This is also how the in-depth analysis which is now presented originated.

* The general specifications of both of these devices taken into consideration for the present
study are given in annexe.
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The aim of this study, w is essentially litative, consists of ning and further

investigating the a priori uation of the ty impact of these ng aid systems,
using an in-depth study of accident cases that correspond to the scope of application
of the and CED5. The main objective was to obtain a detailed description of
the inf ion needed by users to enable them to better manage the critical
situation facing them, as these needs are revealed when analysing the collected
acc cases. It also entai  taking into consideration opinions, interests and
exp ions of accidented d rs, with regard to the pro d aids.

These diff nts were i tigated so as to obtain a definition of some suitable
driver-aid specificat

/Il - METHOD

To reach various bjectives, rch was d on the one hand on an
In-Depth nt Stud that cons of the ¢ ion of real time data by a
mul ciplinary team (psychologist, and vehicle tec an) on the of the
acc t. A sample of 18 accident ¢ was collected. se corresp to the

range covered by one or another of the functions of the two demonstrators under
consideration. This research was moreover based on a supplementary opinion poll
(18 interviews) on drivers in less recent accidents.

The data collected was analysed to illustrate:

1)- situations covered by the aid fu ns under cons ration, their main
cha cs, and the failures that can be ified in the op ting mode of the
drivers involved (perception, evaluation, prediction...) and which could be
compensated for by these aid functions,

2)- real and concrete driver needs for informative aids, that explain the type of
information required for the user to predict the accident situation,

3)- opinions, interest shown and expectations of accidented drivers with regard to

the systems proposed :

- the information transmission modes they see as best suited to the driving task,

- the conditions in which the information will or will not be considered,

- the acceptability of automatic aid systems and the system operating modes on
which they will base,

- the negative effects envisaged,

- together with their interest in acquiring such systems and how much they are
prepared to spend on them,

4)- an a priori assessment of how effective the aid functions would be, in terms of
safety, when applied to the driving task. As this evaluation required us to take into
account the kinematic parameters reconstructed using collected data, it was
performed only for the 18 accidents examined within the EDA framework.

i - IN RESULTS*

Drivers in our sample are interested essentially in information-based assistance that
would enable them to compensate for some of their "failures" (whether perceptive,
evaluative or predictive), and at the same time, retain the control and command over
the situations and the actions to be performed.

* For further details, cf Van Elslande & Nachtergaéle (1993b).
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It is because of this reluctance to relinquish ma ment of the driving activity

most of the drivers in question were to some ex reticent, or even totally opp
c
d
a
a
automatic device.
For most of these u ¢ aid ms would therefore be only to
solve situations of ex that d find difficult to manage selves.
However, drivers' interest in informative aids and their use in situ will depend upon
s needs a io To on
it hese sy a to all
d er with t is us
_ a be avoided. Drivers are in fact strongly
opposed to any information with a normative content that is felt to be more of a
constraint and an addi (N than an "aid", in that it only s "what they
already know", would p to be a further nuisance and increase the
volume of information to be processed.
The ive aid should therefore be to the user of a
imm nger, whether it results from a - ed di ty or interaction

another vehicle, that may modify previous driving conditions and requires the driver
to re-adapt his strategy.
One of the major difficulties that designers of informative systems will have to

resolve if actual driver needs are to be met, is the in which synthetic m es
are presented. These messages must include vital s ional information that es
the driver to identify the specific nature of the risk situation and its location in
rela to their ap and so produce the response in terms of both
the ntion to be and the preventive to be performed.

te u g driver s to th |, this y has

th e of aids only a ri be ned if

nd X . ions
are both specific, e.g. the timel (neit r the
driver has to act), usefulness ( to fi | r idity
(ne false alarm nor omission) of the ages pro and more general, e.g.
Sys reliability (no breakdows). All specific ensure credibility and

optimal usage of the devices.

1V - CONCLUSION

On an optimistic assumption that aids are rfectly"” adapted to driver needs and

exp at ad within the context of the in-depth
ana s d |
ove € iv
acc by users and will ¢ q
rs. ver, although they
b (onl f
p on o e
e i as u i

assuming these devices will be act
probably not have been used to the full.
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ANNEXE

CED4, or "COPDRIVE", is a system aimed at promoting the co rat driving of
interdep nt and on an active transmission of i ma between
vehicles be the e and the vehicle.

The system integrates different functions, notably :
- 11} um

b ns i

S , W

hazardous conditions.

- "Intelligent rol" (ICC), aimed pr ily at ing in  vehicle gaps,
either by in driver or by automa ly reg cars d.

- "Intelligent Manoeuvring and Control" (IMC), that provides the user with
information on the practicability of ar intended manoeuvre (e.g. lane changes
and overtaking), or can automatically prevent this manoeuvre.

us " system,
ec nomy in
opt r r to carry
equipment. of this, there are also ain ions : for example,
only on stra ions and takes only m go into account (does

not detect stationnary obstacles).
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Dominique FLEURY Department of Accident Mechanisms
Institut National de Recherche

sur les Transports et leur Sécurité

Arcueil, France

STATIS L AND IN-DEPTH ANALYSIS OF ACCIDENTS

Report - working group D

Whatever the technical system, and this includes road traffic, accident analysis is
thought to be an indispensable tool for the improvement of safety.

This is not, however, necessarily obvious as it refers to an event with a sequence
that has already been completed when data is collected. It is not therefore sufficient
to have available data, it is also necessary to have the data we can work with.

Just counting the number of accidents does not suffice, as for many of these

ac | bodily injury, no police report is drawn up. This
sit rticularly with regard to those involved and the
nu i juries.
The reliability of information collected when an accident is subject to routine police
a S a t extent on the type of data involved. n factual
] d ct e.g. date, when other ones are not a reliable,
a - at
the re nt se
a e first et les
d analys in eh
s

When this operating mode is not sufficient, a second stage is carried out by
conducting an ad hoc collection on the accident site, and setting up a technical
investigation at the same time as that carried out by the emergency services and the
police.

* *

Before dealing with data collection and nt analysis, the ob ves and
underlying models for this work should )je ed. This procedure, ral for a
re and categorise the different of work
lis ". Reference in this respect be made
to he course of this conference.

There may be nt s of objectives. First, accident analysis can be to
understand un rel problems and thus system malfunctions. It is n if
we are to answer the es al qu : "which is the best system, A or B?". This
question will serve as a eline  hoosing the person to head this inquiry.
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Sometimes the question is not raised in this alternative form, but is more likely to

em op to
cci is no
thi on th

that have to be understood if a safer system is to be designed.

able to adapt their application procedures
and restrict the negative effects.

The system may be analysed at the different stages to which the d rent Is of
und anding and action may corr nd. There are therefore di ent | s of
acc t analysis that depend, in pa ar, on the degree of data aggregation. This

therefore influences the choice of data source for the accidents used:

- accident files, already available on a computer

- po reports, require an analysis of ting documents

- in-  thinvest on, when the routine d collection is insufficient.

* *

All the papers presented during this session refer, each in their own way, 10 these
different questions and show how they are dealt with for a specific problem.

Two p consider aggr d data and refer sp  ically to the statistical aspect
of acc risk with the or less short term ective of comparing different
road layouts from a safety standpoint.
ed by IJ Lars the
ic Planni d th nd Insti logy
culty of a usi ccident din

relation to exposure.

The empirical data used to illustrate their comments is the number of conflicts
between cyclists and motorists at intersections in relation, more specifically, to car
flow. Statistical analyses show the non-linear relationship bet these two
variables that may be explained by the influence of different ors, notably
infrastructure. Layout characteristics are indeed significantly related to traffic level.

This data leads on to a discussion on the statistical models that are generally used, in
describe relationships between variables.
k could be a promising way of both
mining the relevance of the use of an

cident risks.
e Highway nistration of the Fe
also deals level of aggregated

e aim is to identify road sections where the
oad is indeed resurfaced almost every ten

to cy rk r
rk sk nts
co a us

eral thousand kilometres of motorway
throughout Austria.
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Statistical analyses show the links that exist between the various geometrical road
characteristics. It also makes it possible to reveal the ability of the driver to adapt, as
particularly unfavourable conditions do not always give rise to high accident risk.

* *
Ot is s alysis of e ident r ts. The methods of
an rly s n of the S rred to , in particular, those
us rib o operator io

Wolfgang BERGER from the Traffic Institute of the University of Bodenkultur in

reports lysed and pleted by an analysis of traffic organisation and
on-the- al observa

The analysis of reports refers to knowledge regarding the ability of operators to
acquire and process information. In most cases, the accident analysis reveals a
"failure" on the part of users in the course of these processes. This then goes on to
rﬁveal the informational inadequacies of the various sites before being able to remedy
them.

This work that the of information sequences ired by the
individual so s produces cted results on the cause of t accidents.

Piet NOORDZIJ from the Institute for Road Safety Research (SWOV) in Holland,
presents his work on accident analysis using police reports.

The accident data base is in some instances limited. Firstly it is not exhaustive, as all

h ac ble
a es it ble
n th ion

This consideration therefore results in working directly on accident reports and
adapting the information available. Work is backed up by two different experiments :
one involves accidents that occurred on roads with.a speed limit of 80 km/h and the

e ha i of re each accident
n n e ent a of the safety
b to s
c ion reveal the need to repor ing by
u or n by other more r infor n and
g iou again requires considerable research work

and co-ordination with other work.

When the information usually collected on the site is not sufficient, it becomes
necessary to design a data collection specific to the accident site.
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Yves GIRARD from the Institut National de Recherches sur les Transports et la
Sécurité (INRETS) in Salon-de-Provence, F

by den

inve pe

mec ac

d plinary first on the dent site
s nd col n is perfor at a

[N oMol

relevant mechanisms and how they are linked.

An accident example is presented to show this research process at work and the

advan of integrating in-depth S ion into a complete research gramme
to co e other forms of anal ving accidents, the road, v les and
behaviour.
%*
%* *

The discussion that took place during this session showed the importance of
correctly defining the analytical objective and the models to be used as a reference.
All these presentations with this aspect, that opens the way to any anal
work. This is well worth embering as all too often, researchers are asked 1o
accidents in cases where there is thought to be a specific safety problem.

The ac proce comprises v us phases: di tic and revealing problems,
action nning, ing up, eva ion and follo Accident analysis should
obviously be used in the first and last stages of this process.

yses can be perfor on very different overall levels ranging a clinical
oach to highly aggr ed processing. The resources used theref epend on
the level of accident analysis.

The question of the reliability and relevance of data is therefore significant for an
a sed teriori. The applies to the choice of bles and ng.
Ss sh the advan of co-operating and nging a ical
models and formalising information.

Accident analysis is not a tool to be considered in isolation in a research process.
This ect is implicitly present in most papers presented. It should ore
be ¢ dinated with other tools such as cts which reveal certain malf ns,
in-situ and laboratory behavioural observations, which include simulators, functional
analyses of the road system, risk exposure analysis...

In other words, accident ana in its diff forms has its place - no more
but no less - in the overall p sofr h a at improving safety. This was
¢ ly shown in the course of the discussions that took place during the session
d ted to "Statistical and in-depth analysis of the accidents”.
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Wolfgang J. BERGER Institut fur Verkehrswesen
Universitat fir Bodenkultur
Vienna, Austria

RELATED ACCIDENT CO 7S
FOR SED UENCY ACCIDENT LOCATIONS

The presentation of the working-group's subject focuses mainly on "statistical” and
"deep-structured analysis of accidents”. | would like to concentrate mainly on the 2nd
area.

ccident causes and to redevelop accident

ident occurrences is extremely important.

es the decisive identification of places

in behalf of road safety and which, in

eme cases, represent increased frequency nt locations. Not only the exact

lity of the accident but also the driving dir of the persons involved and the

accident type give first insights on the actual accident happening at frequent
accident locations.

My collegue at the Institute for traffic studies, DI Pichler and | have analysed nearly
100 such frequent accident locations in the viennese area alone, mostly crossroads.
The consequent studying of the traffic accident files of the police turned out to be a
major factor. It is possible to derive first evidence for accident causes from the
accident sketches, but most of all from minuted statements of involved persons
together with witnesses' statements. Some of the evidence found at a specific scene
of accident can then be identified as being typical for this location. The local
examination of the frequent accident location can then be carried out in a much more
efficient way.

dents are known as the result of previous situations that at least one of the
ons involved could not deal with in the appropriate way. It is our approach to

po | a In
re a to to
3 r dy

dangerous situation does not have any consequences at all, whether it leads to a
manageable traffic conflict or ends in an accident, whether some people are injured
or even get killed, is in most cases decided by chance, especially when it comes to
town traffic.

The reasons that can lead up to critical situations are manifold and to some extent of
a completely different nature. They can either have vehicle-technical, road-
construction-technical, environmental and/or human causes. Most of the time some
of these reasons happen at the same time and influence each other either directly or
indirectly.

| would now like to shortly try and describe the human being as one very important

co To ex ss it more ex the human lity - or
he -top up enough in tion while be in road
it nin the ht way.
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How does a human being perceive? Here is a very much simplified sequence pattern
of the information processing (see pict.1):

Succsession of Information

objeclive
Information Information
supply receive

eplng up
,or changing Informatlon
of mo selectlon

subjective
Information

transposition

pict.1: circulation of information processing (in diagram form)

One has to deal with a permanent circulation, which happens very quickly and most
of the time even unconsciously.

Out of the whole range of objective information, some data are perceived and
relevant information is being selected. The remaining subjective information is

tra into y and leads to ac on the type of action the state
of ent e changes or not. e action is only used to continue
perceiving information.

The ve information offer is constituted by:

>t ic area and speed of one's own movement,

> one's own vehicle,
> the presence and movement of other road-users, plus
> general conditions such as lightness, weather etc.

It is obvious that the objective information which is given a a straight way

with a so to speak "laminar" course of events [comp. S VELAAR 1 , as
described in pict.2,
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pict.2: highway with little traffic at driver's eye-level

is a lot less than the information given in turbulent town traffic (see pict.3).

The perception of objectively present information depends on physical and
psycological prerequisites of each indiviual and takes place essentially through four
systems with the help of the sense-organs:

visual system through the eyes,

audio-system through the sense of hearing,

vestibular system through the balance organs,

mechanosomatic system either through the skin or through receptors in muscles
and joints.

pict.3: "turbulent” town-area
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ible a of stimulus, which a person is able to

na Pr ns drift within the orders of 108 to 10

far e ived information is used for carrying out
different body-activities, for ex. simply for sitting straight, for standing or walking.

INFORMATION DENSITY

higp

of realicadie

ed

LW kam VELOOITY

pict. 4: information density versus speed

, all spe e n a
ion ¢ rea e spe
in co na r spe

which still leaves quite a-remarkable amount of reserves.

How much information is effectively useful in road traffic? According to the latest

ea in ra are
c -C ity"
/S r fin io ring
co on n. U p
su 4 not w
rel his infor | a
with the help of a human being mov ic,
he matches to hi onment and to the behavior of other traffic participants.
n of
al d
r se

COHEN 1987]. With each of these eye

field of view changes and the picture on the retina has to be built up again. The time-
requirement for the eye-rotation depends on the amplitude of the eye movement (see
pict.5).
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pict.5: time-requirement for the eye-rotation during the eye movement

For t has ons per
eye . So "n roit
happ re of tim on-
p ion not at disposal. This normally is not realized, be the previous
p rem consistent until the next one is at disposal for the
o is on has to permanently, but with tem
u ect the stimulus out of the immense amout
nd he 5 S
in ch
g eri
rc ch
certain effect.
r es, particular circumstances, a just
g st still for as long as 2s or even
R al.
p
s
d
ically visible is really
, may it concern one's r person's, is never estimated in figures,
but the movement is - most of the time i linear form - extrapolated. The result of
this extrapolation is, if neccessary, corrected in relation to newly happening
perception.
th s
ng
are .
(o] tra ar be,
a his hte r tha
f vie not
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Iy all al lo

not o o n ep
turned t e nt
This has to be taken into account when on at

ZEIT~-WEG-DIAGRAMM
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pict.6: Time-distance-diagram of a road network

At coordinated road networks a mislead expectation attitude turns at least
sometimes out to have a share of the cause for frequent accidents at crossroads
regulated by traffic lights: Pict.6 shows the coordination of a light-signal-system,
which proposes a constant speed over several crossroads (50km/h).

But at the last crossr the green-period-end is t fo This does npot at
all correspond to the | that moment formed e ion e of the passing-
through driver: end of green period at 50 km/h. This contradiction to the expectation
attitude may lead to mistakes in perception, which then makes the danger of
unattentional red-lights disregarding move up.
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pict.7 : Side street with no right of way but with "phenominal right of way"

Another simple example: Experience teac
as n in pict.7, often S you
sit this very tation tude (
least with non-local drivers. The danger
the optically relatively unobtrusive "yield
and does not at all or too late turn into su

r

bly were ms of a mixing-up, namely:
t towards crossroads. The over-head
s he expectation attitude "clear run", the red
r ly not been perceived.

pict.8: The signals for turning left are difficult to perceive in the surplus of
objective information
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pict.9: Signals which are hanging very closely next to each other are outshined by

the streetlights

p 9a en
T ed
e nal ch
o for be
in the \Y% a he
s. In to eft in
to the ic- o] ht, he
tra he
ent perception mistakes in the form of
pectation attitude, give the most probable
arding of the red lights.
a re ng into account the ption behavior,
p to hypotheses. One of I would like to
th ft ple:

pict.10: Right-angled accident-crossroads with country road characteristics
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But what happens, if the app
found a similar situation to the

pict.12:

The
beh
con

Blocked view because
right

hicle app
ht winds
very low

driver with his first glance to the right has
h is shown in pict.12?

of right front windshield column while looking to the

ht is nearly or even completely hidden
other vehicle (= a-column), with the
shadow of the trees.

clearly points out that, when the vehicle
a distance from the yielded road, out of
idden behind the right umn. Sh

h on the normally des road, it

ds. This area still is 20 m of the yielded
of way is about 50 m This is
rolling look from the not d driver

sible braking-point. As this vehicle is not
k is probably rather quick as well. The
f the field of view at best very shortly in
an be compared to that emerges naturally

at each speed relation of 4/7 between yielded/not yielded driver.
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~185m

~85m
~20m ~30m

wos

shielded angle ~5°

wool

precarious conditions at junctions with free sight:

Vminorroad  V major road

40km/h ~70 km/h
50 km/h ~85km/h
60 km/h ~105km/h

A-PILLAR SIGHT OBSTRUCTION

pict.13: Diagrammatic sketch of blocked view because of right front windshield-
column while looking to the right

ted S eci the

e in c th for

of a u te n de
the traffic participants' ph logy of the senses or the t C participants put
themselves under this press which cannot be dealt with in eme situations in a

sufficient way. Should some other unfortunate conditions occur as well, a traffic
conflict or worse an accident are unavoidable.

ecl there is another example that fully confirmed our method for analysing
ent ions.
At this cr oads two high-rated three-la t, the mon
got five s (see pict.14). From the l s we id g
accidents with pedestrians, one of them . At fi ight
b i i ons visible. But the more exa lysis and
e t ved e serious pedestrian acc had not
h il ens ght behind the crossroads. The vehicles
involved had driving into the crossroads at a definitely high speed when the

lights were gr
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pict.14: wide ro m at a distorted angle, at first unexplainable increased
ency of es n accidents

With this knowledge it was easy to find the h through the es

to the tree in pict.15, which offered a co er rtcut to the rgr

station in the background.
Obviously this path was quite frequently used by coufaged, local pedestrians.

In view e following pict.16 (no posed it was not neccessary any more to
look for h perception-physiological exp s for the accidents.

pict.15: Five-lane extention, next to tree a pedestrian path comes up right behind
the crossroads

202



pict.16: Pedestrian crosses five-lane extention unprotectedly, vehicle at high speed
in the background

Just as learning to drive means learning to perceive as well, it has to be taken for

t t c the
to ts io can
in id In has
and elderly people into the considerations concerning that problem.
ff n and te ns e cha if not the obligation,
hi | s in to se (o] tive mation . Above all the
e h nee rp on 13s to be ma , if necessary through
speed-deducting measures, even if these might not be popular.
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Yves GIRARD INRETS
Department of Accident Mechanism Analysis
Salon-de-Provence, France

IN-DEPTH INVESTIGATION OF ACCIDENTS

THE CE OF INRETS AT SALON-DE-PROVENCE
1) INTRODUCTION
Since 1980, the Department of Accident Mechanisms at INRETS in Salon-de-
ce (F e) has been con ng an in-  th investigation of road accidents
Déta des Accidents: ). Accord to the definition given by OECD
(OECD 1988), an in-depth dent investi is one which goes much greater into
depth than those currently ilable. That a vague definition be applied to such

a wide range of activities could, indeed, be questioned. But, these different activities
can in fact be grouped together under the same heading, as they have to respond to
the same theoretical and methodological questions (Pettersson, 1991; Girard, 1991).

It is not my intention to consider the problematic of in-depth accident studies at great
length. This work has already been dealt with by a group of scientific experts at
OECD. The purpose of this paper is to present some of the choices made at Salon-
de-Provence in answer to the questions that are raised when deciding to conduct an
in-depth accident study.

The first of these questions is the necessity of a more in-depth approach: when
launching an in-depth study it is assumed that the questions have been defined, and
that it is impossible to respond to these questions using available accident
collections.

We must then indicate the additional information needed to respond to these
questions and define the direction and contents of an in-depth study collection. We
must, at the same time, check that this information is readily accessible, and develop
the most appropriate data collection method.

Finally, we should not forget to previously define the way in which this data will be
used and the context in which it will be interpreted.

This last point assumes the use of a theoretical framework. It is in fact obvious that
the question of choosing a theoretical framework is raised as soon as the initial
questions are formulated, and also determines which data is to be collected.
Experience has shown that this theoretical framework is rarely specified. In all
events, conducting an accident analysis assumes that there is a grid by which to
read the accident. Many misunderstandings could be avoided if, instead of remaining
implicit, this theoretical framework was clearly indicated.

/l) EDA OBJECTIVES AT SALON-DE-PROVENCE

The aim of those working to improve road safety is to reduce the number of
accidents, and the seriousness of their consequences. But, what do we know about
accidents?
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An accident is an event that is already over when we are informed of its occurrence.
It is too late to observe or record the sequence. The data collected is for the most
the descr e characteristics of those involved, the vehicles, the road

structure, circumstances in which the accident occurred and its
consequences. The statistical use of this de data does enable us to
tify groups at risk, the i cations and that are sta ly significant.
this data only provides a ic description of the accident.
Investi n into the accident dy ic is aimed at establishing responsibility, and
can be med in terms of the vio n of traffic regulations.
EDA was set up for research purposes. The intention of those who initiated this work
was to go beyond the traditional approach of identifying accident ng factors, to
reach the actual mechanisms that produce accidents, by r tructing their

scenarios and analysing their sequences.

In line with this objective, in-depth research work should be directed more towards
the stages prior to impact, than to the consequences.

The methodological consequences of this choice was to prioritize clinical case

analysis, whilst disregarding statistical representativity. Between 1980 and 1987 four
hundred accident cases were analyzed.

Ill) THEORETICAL BACKGROUND
lll-A) The accident:

ns e ling a system of mobility. The basic m lity
c ar ers, and infrastructures used for this pu se.
ly t" sys is to fy mobility requirements. If the
system is oper co ly, this means that e is a successful combination of
the three basic pon . Modifying one of the system components will determine

the modifications of its interaction with the other components: they cannot operate
independently one from another.

An accident is an undesirable "output” o system, and the rence of an
accident is the symptom of a malfunction n this system. Ope failures-are
not to be sought in one or another of the components on its own, but in the
relationships and interactions between these different components.

The methodological consequence is that both collection and analysis should be multi-
disciplinary, and include the three system components: user, vehicle and
infrastructure.

lll-B) The user:

a human operating model. In the light of
n is seen to be an information processing
trictive but it is in our opinion, the most
arch directed towards prevention action
1988; Michon, 1985).

I he ri , draws up, in his
situ ate increasingly as
hich utilization modes are associated. A
knowledge acquired when faced with

oo -
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unusual ituations, and assimilating the situations encountered into previously
acquired edge.

As a result of this, the information by the enviro is fil and
interpreted according to acquired k . With time, proc for
information processing and use of knowledge become more and more automatic.

Insofar as an accident is an unwanted event, it can be said to illustrate a failure in
the information processing process sequence, a malfunction that could be located at
different stages and at different levels of the human activity (Rasmussen, Duncan,
Leplat eds, 1987; Reason, 1990).

The first consequence of this approach is that particular attention is focused on the
account of the accident and the interaction between these road situations and the
rpreta s of situations by A second consequence is that collection
be di edt s the human ions that we know, or assume, influence
the information processing process.

IV) DATA COLLECTION

Data colle is aimed at reconstructing the io that results in impact, and
identifying mechanisms that make up this s . It is conducted by a team of
two specially trained operators: a technician specialised in infrastructure and
vehicles, and an interviewer. The quality of collection is continually monitored by
researchers involved in the study.

We are alerted that an accident has occurred at the same time as the emergency
services. Survey strategy is based on collecting as much information as possible at
the scene of the accident itself. Data collection is three-fold: the user, the vehicle
and the road infrastructure. It covers vanishing data: accounts given by those
involved and witnesses, location of final standstill point, location of the crash itself,
skid marks, traffic and weather conditions, and so on...

The driver is interviewed on the spot, or in the hospital emergency service. He is
asked to describe "what happened”, and then give further details: what he had
intended to do, what he had seen, what he was aware of, what action he had taken,
what he had intended or tried to do. The interviews are recorded, photographs are
taken, a plan is drawn up.

We then attempt to reconstruct the accident scenario. This is followed by a second
complementary collection. This second collection enables us to collect longer-lasting
data, such as descriptive characteristics of the driver and the on-going journey,
description of the route, road infrastructure and environment, technical vehicle
inspection. It is also directed by assumptions made during the first reconstruction
attempt.

The final reconstruction is backed up by kinematic calculations: initial speed, time to
collision, speed at impact (Lechner & al., 1990).

V) ANALYSIS

The first stage of analysis consists of drawing up the accident scenario in terms of
the sequence of events and, in particular, the description of the initial system status,
the identification of the triggering event, the reconstruction of the emergency
manoeuvre. The second stage is to identify the mechanisms that contribute to the
production of this sequence of events: these mechanisms are found in the system
component interaction. To achieve this, the scenario is divided up into four phases.
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V-A) The phase:

The driving situation is, for the driver, the "normal” situation. It is "normal” because

ec nds m im. n

ac o his ex d

an he is his a
this means that there is a balance between the demands and ability of the system
comp ts to nd to one ther: align skid-r e, sight distance,
tyre and ure, condi of shock rbers, degree of driver
a SS... Id be t "norm case (3 i
b nece to ¢ with tr ions. a
(3 is to wha r consid th de e i

particular place and in a particular context.

V-B) The discontinuity phase:

i pts ing t by
S sys e e the
si nent bea | | of

demand to a suddenly excessive demand in terms of ability to respond.

It should be noted that an "unexpected event" does not necessarily mean

"un e", h he of to what extent it really was
unp , a n it pected. The driving situation is of
con use s se

V-C) The emergency phase:

The emergency phase covers the space and time between discontinuity and impact.
If the tinuity ation is a stat of the problem, the emergency situa

is the time "c  t" available in to solve it. This "credit" is, by definit
extremely limited.

The emergency situation can be determined in relation to the driving situation by the

excessive demand level imposed on the sy co ents. The driver
e, within a given time, a problem that is, in iple rely new to him.
vironment in terms of hostile obstacles or

i the

with

The

cies or defects in one or another of the
main tolerable when faced with normally

The emergency manoeuvre is an attempt to find a solution to the problem. As there
is an accident this manoeuvre has failed. The emergency situation is followed by the
crash phase.

V-D) The crash phase:

Th e es h nseq ity
of t ms er e an he
co Si nd n occu on
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between the three components: an elderly person is more vulnerable, modern
vehicles are better designed to absorb
impact, a protection rail prevents impact with a hostile obstacle.

VI) ILLUSTRATION

One Sunday in March at half past eight in the morning we were alerted by the
emergency services and went immediately to the scene of the accident.

VI-A) "On the scene” collection:

the accident resulted from the vehicle leaving the road on a right-hand bend.
Only one vehicle was involved. There were three people in the car, one of them
was slightly injured.

d leaving the bend, starting on the
t of the bend, the vehicle crossed
h

it was daytime but the light was not very good, the sky was overcast, the road
surface wet, although it was not raining at the time of the accident, there was
little traffic.

the vehicle was a Citroén Visa GTI: a sports model, 105 HP Din, with a top
speed of 185 km/h. There were three people in the car.

The driver, a young man, was unharmed. In brief, he stated he must have
approached the bend at between 70-80 km/h, and did not consider this speed to

be excessive. He just changed into t gear and then nu res
when half way th h the bend: he reali he was "t it wi and his
nd re n li he
of n b tl str
a al c f no

approaching, and that if he had not braked he could have driven through, but as
he had kept his foot on the brake, he continued straight ahead into the ditch. He
also said he was surprised that his wheels had locked, as he did not think he had
braked very sharply.

VI-B) A al collection:

a) Road and pavement characteristics:

two-lane rural road

pavement width: 6.30m

this occurred when leav a built-up area, in an area where vehicles pick up
speed. The bend is prece by a straight stretch of 400 m.

sight distance is sufficient to detect the bend. However, vegetal masking on the
right-hand side prevents the driver from seeing around the curve and thus
assessing its real difficulty.

curve us: the radius on entering the bend is 94m, but this decreases to 60m
on lea

the road surface is a in quality app the bend, but
deteriorates in the bend ), and skid re ce is r.

there is no warning of danger, nor any specified speed limit.
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b) Vehicle:

a light and high powered sports car.

one year old and had covered 40 000 km.

the car was in excellent condition and no defect was noted in either the steering,
brakes, suspension or tyres.

it should be noted that the brakes on this model are particularly sensitive.

c) Driver:

a young man aged 23.

had held a driving licence for 5 years.

had just purchased a second-hand Citroén Visa and had only been driving it for
one day. His previous vehicle was an old saloon car, cumbersome with limited
performance.

in contrast to his previous vehicle, he stated that the brakes of the Visa were
sharper, and that he had to look at the speedometer to realise what speed he
was travelling at.

the purpose of his journey was to attend a car rally. He left home at about
7:15h, the route so far had been well maintained and easy. He wanted to arrive
on time to find a good place on the rally circuit.

this was the first time he had driven over this route.

VI-C) Analysis: breakdown and interactions:

a) Driving phase:

a young male driver, at the wheel of a sports car he is not familiar with and
driving over a route he does not know. The car was considerably different to any
he had driven before.

a time constraint: to arrive before the start of the rally to find a good vantage
point.

leaving a built-up area, in an area where vehicles pick up speed, with a good
quality road surface.

the speed was limited to 90 km/h, with no other specific restrictions. The
approach speed of the Visa was thought to be 80 km/h. This is high, although
the driver is still within the legal limit.

b) Discontinuity phase:

210

the acceleration zone leads on to an unexpected difficulty.

the bend radius is shorter when leaving than when entering.

reduced sight distance of bend exit.

no indication of any specific difficulty on this bend.

Visa thrown off balance by bumps in the road. -

the driver is taken by surprise and has difficulty controlling the course of the
Visa: he "takes the bend wide" and starts to panic.

N.B.: we went through this bend under dry conditions and with a new road
surface at the wheel of specially equipped Citroén BX: we recorded a lateral
acceleration of 0.7 g at 70 km/h... This poses a genuine course control problem
for any driver who is taken unawares.



c) Emergency phase:

- the driver brakes: the Visa, which is more responsive, does not behave as
expected and he locks the wheels.

- the road surface is wet and skid resistance poor: he starts to skid towards the
outside of the bend.

- he had no experience of this type of situation and keeps his foot on the brake:
the Visa continues its skid in the same direction.

d) Crash phase:

- the shoulder is narrow making it impossible to take remedial action.

- it is bordered by a ditch.

- the Visa falls into the ditch and comes to a standstill on its side.

- the front ngers wearing seatbelts are unharmed. The passenger at the rear
is slightly d.

e) Conclusions:

The police report came to the conclusion that this was a typical case of loss of
control, due to carelessness and excessive speed, by a young driver who liked
driving sports cars. The in-depth analysis shows that the origins of this accident
were more complex and could not be limited to a single cause, but were the result of
interaction between the three system components. The police diagnosis leaves little
place for the prevention of this type of accident, except for clamping down on
Yy ul carelessn or prev from driving sports cars. The
d sis of the in th study p ives. First, it is easier to modify
a bend than change someone's personality, and this is something all users can
benefit from. Beyond, however, this localised solution, this raises the question of
situation sequences and the homogeneity of road sections, and their effect on user
expectations and behaviour. Finally, even if the users are guilty of carelessness or
errors with negative consequences, it can be seen that these are not committed at
random...

Vil) CONCLUSION

When the EDA was undertaken, it corresponded to our knowledge and queries at
that time: to improve accident analysis methods, better our understanding of the
accident process and encourage new directions of research.

This gave rise to work covering such themes as:

- accidents at light-controlled junctions in urban areas,

- accidents at cross-junctions in the open country (Girard, 1988),

- accidents involving heavy goods vehicles (Fleury & al., 1988),

- an analysis of the driving task as seen through malfunctions (Malaterre, 1990).

It has formed a basis for research programmes: reconstruction of emergency
situations leading to mathematical modelings, road and driving simulator experiments
(Lechner & al., 1991).

It has also provided information on which to base a study of driving aids (Van
Elslande & al., 1993).

In-depth accident investigation enables the principal safety problems to be rapidly

identified, especially when and where there is no existing accident data base. It
provides an open, flexible and manageable investigation framework, which takes
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account of local specificities. It also provides road safety personnel with educational
aids. It leads to the formulation of new assumptions to be validated by alternative
methods such as on-site observations, on-board and laboratory experiments.

From this point of view, in-depth accident studies reveal their full potential when

they not required to ide information they cannot produce, and are
com d with other c ementary methods as part of a co-ordi rch
programme.
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Herbert NOWAKOWSKI Bundesministerium fiir wirtschaftl. Angelegenheiten
BundesstraBenverwaltung
Vienna, Austria

THE INFL OF ROAD SURFACE PARAMETERS ON
AC T RATES - A STATISTICAL ANALYSIS

: Es wird Uber die MeRkampagnen zur Bestimmung von
StraRenoberflichenparametern des &sterreichischen BundesstraRennetzes und die
bisherigen Ergebnisse berichtet.

: The Austrian Federal Roads Administration Programme "Collection of Road
Surface Parameters" and the results achieved up to now are presented.

1. Introduction

In 1991 the Austrian Federal Road Administration has started a programme to obtain
road surface parameters. 1991/92 the whole Austrian network of motorways and
expressways (about 1800 km of roads with the right lanes on both carrigeways
measured) was recorded, plus some 2000 kilometers of federal highways (only one
lane measured). In 1993, when the first programme had been accomplished, another
contract, covering the recording and luation of some further 3500 lane-
kilometers, was awarded to the Geotech Department of the Federal Institute of
Testing and Research at the Vienna Arsenal (Bundesversuchs- und Forschungsanstalt
Arsenal-BVFA) working in cooperation with the civil engineering company GEST.

prime | of the whole project is the ac ion of eneous road surface

cove the total network under the supe of the federal road
administration (i.e nine road administrations of the Austrian provinces and two state-
owned companies, mainly, but not exclusively, reponsible for toll-sections of
motorways) thus permitting an efficient Austrian-wide pavement management.

2. Measuring equipment

Austria. The measuring principle is based on retarding of the measuring wheel with a
constant slip of 18%. This wheel is running on a 0,5 mm water film which is applied
in the right wheel track . The force that arises between the measuring wheel and the

hauling vehicle permits the determination of the skid resis eff t. High
at long distances up to 10 er be de-
ectronic ent, the it | recording of the actual
of an in nally sta d car tyre (PIARC) with a
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specified rubber mixture and a specified profil. For this particular project an
integration distance of five meters was chosen.

At the front side of the truck a rut depth measuring device u ultrasonic sensors
was mounted. (Development of the Stuttgart institute). At the suring speed of 60
km/h, applied during the project, this device only records one lateral profile every 25
m. To avoid random results sets of 10 profile measurements are averaged.

You will notice that this set-up is primarily suited to cover motorways, expressways

and urban highway but actually the measurements were performed on
all s ns where the speed of 60 km/h can be kept without running a
risk (an

you wil

discussi i

in general itudinal (u ness will be

and/or rut and the this data

information.

3. Results of the measuring campaign 1991/92

The results for both, motorways and high

With these data and measurements at

p species (conc ment,

e d a so called a (3 back

extracted from reference 1) for motorwa

this way data recorded at different measuring speeds can be compared and at least
roughly evaluated.

The reason why the worst 10 percent of friction coefficient data are classified "bad",

can e b sar o a a
years . iona a n co
ries o e ".C 1 c rat

are beginnning to influence decisions.

4. First attempts to isolate the effect of poor skid resistance coefficients

In the light of studies undertaken in the FRG which indicate a strong increase in the
percent of accidents on wet e

contrac to consider this qu

accidents on wet pavements vs. the aver

section showed a chaotic cluster witho

mo y-network includes huge

vol this metho not work. We

into account the parameters

- skid resistance coefficient
- and downhill gr s g then 3 per ( carrigeway of a
rway section be co ed as an pe t unit with the
corresponding accidents)
- bend radii smaller than 1000 m
- traffic volume

Remark: the rut measuring device was only installed in late 1991 and therefore this
parameter was not yet available for all sections.

In fact friction coefficients smaller than 0.35 where found to have some influence on
accident rates and this had some influence in the priority rating of at least one
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refa t. U ly on g

etc. ein So in a
the sur itio gt c
(Pl in mind that in years ro 20% of the pavement change!).
Th study has to be rded with hesitation and the results will not
be
5. analysis of the highway data
s the applied method, namely the regre analysis, has proven its
to this kind of studies and we decided ore to scrutinize highway
data of the 1991/92 campaign. The following influencing factors werde considered
- the skid resistance coefficient (per ge of occurrence of datagroups,
e.g.<0.30, 0.30...0.35,....,> 0.60 for considered road section)

- the rut depth (<= 3 mm, 4...6 mm, 7... 9 mm,> 10 mm)

- the average daily traffic volume (devided in groups < =3000, 3000...6000,
6000...9000, 9000...12000, > 12000)

- percentage of heavy truck traffic (< 8%, 8...12%, > 12% )

- Ipassing through built-up areas (<5%, 5...25%, 25...50%,> 50% of the section
ength)

- horizontal and ver | alignm (normal, twisting road, corners and ha
bends; flat, hilly, a e); a div n according to design parameters (e.g. sp
would have been more appropriate

- cross correlations the groups

- skid resistance co < 0.35 and non-normal horizontal alignment (eg. the
twisting and hai groups)

- skid resi coeffic s 0.35 ... 0.45 and the two alignment groups

- rut nt s

- rut gr

- the ps the summed up skid resistance

gro
- the hilly or alpine vertical alignements groups with rut depth > 6 mm

Unfortunately there was no possibility to introduce existing speed limits. The
percentage of built-up areas and of the horizontal and vertical alignment groups were
fixed by studying the topographic maps 1:50000.

er with the personal injury a t rate (wet and dry surface conditions

up) a 31 * 233 matrix was ished, the rows (each representing one
hi Yy ion) being weighted ac g to traffic ormance ( h of section
* tr volume * 365) so that driven kilo r has equa ght.

The solution of the matrix (2% hour calculating time on a 386 PC) produced the
results displayed in table I.

The standard deviation for a highway section with 100,000.000 kilometers driven
per year amounts to +0.10.

The remaining differences between the actual accidents rates and the adjusted
values of the 233 sections exceed the standard deviation
o in 56 cases (theoret. 78 cases)
20 in 10 cases (theoret. 11 cases)
30in 0O cases (theoret. O cases)
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6. A short discussion of results

- Apparently road administrations and/or car-drivers are aware of highly slippery
highway sections and deep ruts (official or se

- Much more complex is the situation cons coefficients
between 0.35 and 0.45. Neither the mainte e driver can
the FRG.

- the fact that accident rates decrease when traffic densities increase, is no new
insight

- the increase of accident rates in residential areas is also well known (arguments
for the construction of by-pass-roads !?)

- this of
- thei (a ring 250 m, therefore
the 1 winding highways is

remarkable (obviously the thin water film is not seen by the driver) and can
hardly be improved by road maintenance measures, it's just one of the ordinary
road conditions (comp. fig. 2)

7. Prospects for the future

This is only a preliminary study covering about 1400 km of the Austrian federal
highway-network (about 14% of the total network). We will have to wait for the
p e hig
u it en
n a
catalogue of phenomena (including non-engineering questions). Perhaps a cluster-
analyse will give us a more precise understanding of accident patterns.

Reference:
1. Bundes und Forschungsanstalt Arsenal, Griffigkeitsmessungen im
Bundes tz Osterreich, MeRkampagne 1991, Wien im September 1992,

final report, not yet published.
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Share of different factors in the formation
of accident (casualties) rates of highwav sections

Left hand the first run, in the right column the final results

after a careful, step by step reduction of parameters:

constant factor e.g

t
1°° run

skid resistance > 0.60 (>0.55)
rut depth < 3 mm

daily traffic < 3000

truck traffic < 8%

residential areas <

flat terrain

no bends

skid resistance <0.30
0.30«< <0.35
0.35«< <0.40
0.40< <0.45
0.45¢< <0.50
0.50«< <0.55
0.55«< <0.60

rut depth 4...6 mm

7...9 mm

> 10 mm

daily traffic 3000...6000
6000...9000
9000..12000

> 12000
residential ar. 5...25%
25...50%
> 50%
hilly terrain
alpine terrain
twisting roads
hairpin bends
truck traffic 8...12%
> 12%

cross-correlation factors

skid res.<0.35/bending r.
skid res.<0.45/bending r.
rut depth 4..6 mm / b.r.
rut depth > 7 mm /b.r.

skid res.<0.45/h.+a.terrain
ruth depth>6mm/h.+a.terrain

Table I

5%
+0,58+0.18

-0.08+0.16
-0.30+0.4"
+0.45+0.41
+0.48+0.4

+0.08+0.4

-0.58+0.37
+0.23+0.24

+0.02+0.18
-0.0420.17
-0.08+0.23

-0.13+0.11
-0.29+0.11
-0.15+0.11
-0.25+0.12

+0.17+0.05
+0.11+0.09
+0.41+0.18

+0.01+0.37
+0.08+0.38
-0.19+0.39
-0.36%0.42

0 +0.05
-0.01%0.05

-0.21+0.24
-0.37+0.53
+0.54+0.50
+0.26+20.43
+0.2020.26
-0.05+0.43

Results of the

final run

+0.60+0.10

-0.19x0.10
+0.44+0.13

-0.22%0.11

-0.13%0.11
-0.30+0.10
-0.16x0.10
-0.25+0.11

+0.1620.05
+0.11+0.08
+0.33+0.14

-0.15+0.09

+0.27+0.08

ssion analysis
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Karin BRUNDELL-FREIJ Department of Traffic Planning
Lars EKMAN and Engineering
Lund University, Sweden

- help work

7 Introduction

The aim of this paper is to discuss the relationship between traffic flow and safety:
Why it may be interesting and How it may be observed - in general - and What it
seems to look like - in a special data set concerning bicycle safety.

The presentation in section 2 below is based on conclusions from a former research
project at the Department of Traffic Planning and Engineering, University of Lund..
Section 3 reports new findings from ongoing research at the same department.

2 Flow and Safety - Theory
2.1 The role of flow in traffic safety analysis

The usual way to treat information on traffic flow in traffic safety analyses is to
compute rates: Accidents per vehicle km, serious conflicts per crossing bicyclist. The
computation of such rates seems to be almost compulsory, whenever data that may
be interpreted as "Exposure” is available. The motive for the computation, as well as
the interpretation of the resulting rate, is most often implicit.

In the earlier project we initially put an interest in the relation between, on one hand,
the results of traffic safety analyses as expressed by the computed accident rates
and, on the other, the conclusions drawn from those results. We thereby found
several parallel ways - approaches - to understand, define and interpret accident
rates. These approaches seem to be a common cause of mistakes in analyses, as

s def acc to one ch is interpreted according to another. Most
ious, very on, is w called the 'standardization approach’.
The st rdization approach is a tackle a basic and normal problem in traffic
safety yses: Assume that w t o or more 'systems’, they may be e.g.

different intersections, different countries or different modes of transport. From those
systems we have observed differences in safety outcome (often number of
accidents, at our department at least as often number of conflicts). But we have also
observed differences in "amount of traffic', 'exposure’.

We now want to make a more 'general’ statement about the safety situation, feeling
intuitively that a direct comparison of safety outcomes is 'unfair’, as it is 'disturbed’
by the differences in exposure. The standardization approach to accident rates now
assumes that the lower the accident rate, the smaller the total number of accidents
had the exposure been the same.

! "Safety and exposure ", Brundell-Freij, K.Ekman, E. (1990)
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This chain of deduction can be shown to be based on the following assumptions:

* The total number of accidents for a given system is linearly dependent on some
specific

¥  function of traffic flow in that system

*  That function is the same for all compared systems

*  That function is the one used as denominator (exposure) to the safety outcome
when the accident rates are computed

The way in which traffic flow influence traffic safety is complicated. The most
obvious effect of traffic flow may be variations in number of opportunities for
collision, but also e.g. road user expectations (and thus behaviour) and the
possibilities to take evasive actions will be affected by changes in traffic flow.

Due to such complicated effects the above assumptions are very strong They are in
fact doubted intuitively by most traffic safety researchers when made explicit.
However, since the use of accident rates is so commonly accepted, the assumptions
are normally implicit. Results that are in fact based on those assumptions are
presented, and accepted, as if they where direct observations of reality.

Accidents Accidents
100 00
80 80 o ’
60 6o e I '-‘ -
- - -
£
40 L 40 .A. ..
/,,’
20 % 20
&
4
4
0
o0 10 20 30 40 50 60 70 80 80 0 10 20 30 40 50 60 70 80 90
Exposure Exposure
Figure 1 Possible flow-safety relationships Figure 2 Alternative flow-safety
for two systems A and B relationships for A and B

Figure 1 and 2 present the two hypothetical traffic systems A and B - their
respective observed safety outcome and traffic flow being indicated with markers.
Ordinary use of accident rates (with exposure linear in flow) would, in that situation,
give the conclusion that system A is the safer - had a lower accident rate. The far
from improbable flow-safety relationships, indicated by dotted lines in the two
figures, show that it may not be that simple.

In the situation in figure 1, system B would always be safer at identical levels of
flow. (Nevertheless, it would still be beneficial for safety to, given the present level
of exposure, transfer exposure from 'the safer’ system B to the 'less safe' system
A). In the situation in figure 2 it is not (no matter what sophisticated nonlinear
measures of exposure that may be used) possible to answer the 'safer-at-equal-flow’
guestion without defining that level of flow.
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Let us conclude:

* there is no obvious function of flow to which the expected number of accidents
be presupposed to be linearly dependent, without the support of empirical

* the relationship between flow and safety is fundam if we to gen ze
observations of safety differences to levels of sure than se
observed

the relationship between flow and safety may well vary between systems

It t a to observe and the relationship
be , kn about such relati should be a basic
pa t Yy

2.2 A method to analyse flow-safety relationships

It is stated above that the form of the relationship between flow and safety for
differ traffic systems is - one - interesting, and - two - not easily predeterminable.

This s to the conclusion that we wculd - at least initially - want methods to

generate hy ses about ationships, rather than to the significance of

any specific forms, or e parameters for specified ionships.

In ion I fi in an s would be to study plots of

ob In th flo r ons there are complications to a

str insp he bservations.

* The rete natur th  afety ers of acc conflicts

¥ The Il observe m s (ve idents/ co and thus large
- rel - random at -'no

* Heterogeneous variation - smaller numbers and larger relative variation at low

levels of flow

Figure 3 and 4 illustrate the difficulties with plots of observations from a real data
set, C studies 95 signalised intersections in Malm" and Lund, Sweden
(total r of regi dc cts: 193).
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function of bicycle flow bicyclist) as a function of
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To make a more detaied analysis possible, the conflicts have been divided on the
intersection approaches (total number of approaches: 364), conflicts and exposure
data from each approach composing a separate observation.

It is obvious that generation of hypotheses about the form of the basic relationships
behind the observed plots, based on figure 3 and 4, is far from easy.

In our earlier research project we developed a method to reduce the information in
plots of the type presented above, to make the generation of hypotheses easier. The
basic idea behind the method is natural: to reduce the ‘noise’ by aggregating
observations that are close along the X-axis (exposure/flow) to synthetic
observations, representing ‘average safety outcome’ and 'average exposure' within
that interval. Now, how many observations should be aggregated together?

As a first order assumption the number of accidents/conflicts may be regarded as
Poisson distributed, with mean (and thus variance) proportional to the number of
road users observed. To obtain a more uniform variance in the risk estimates along
the X- axis it is thus reasonable to make larger aggregates (as measured by number
of separate observations included) where flow is low.

To this aim we have combined separate observations along the X-axis in aggregates
of variable size. The number of observations included in an aggregate is determined
by a pre-set number of bicyclists per hour totally in the aggregate. This number is
decided upon as a balance between to goals: The reduced 'noise' by smaller
numbers of aggregates (i.e. larger number of bicyclists per aggregate) on one hand,
and the more detailed form of the relationship obtainable at larger number of
aggregates, on the other.

The information from figure 4 above does, when processed by this method
(aggregate size set to 915 bicyclists per hour), result in the pattern in figure 5, which
is clearly more interpretable than the original plot.

It seems obvious from figure 5 that individual bicyclist risk (conflicts per bicyclist)
decreases when bicycle flow increases. Such an effect is also intuitively supported
by general safety knowledge. As residuals are uniformly and normal distributed
(under the first order assumption above, and large enough aggregates) ordinary
regression analysis may be performed. The resulting regression line is drawn in the
figure and supports the impression from the plot.

Conflicts per Bicyclist
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Figure 5 Aggregated plot - bicyclist risk vs.
bicycle flow
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Figure 6 Aggregated plot - bicyclist risk vs.
car flow

These questions are further addressed in section 3.

3 Bicycle safety and car flow - further analyses

3.7 Moving Three Point Averages
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diagram is constructed in such a way that the variability is about the same in each
point.

Looking at the shape of the resulting curve we see that there seems to be an
increased risk for bicyclists at rather low car flow. At locations with just a little
higher car flow the risk dips down to the lowest value. At really high flow the risk
again raises to a slightly higher level.

One problem with moving average is that it may be hard to know if the shape of the
curve is mainly derived from a few single outliers. In order to test that we used a
computer intensive statistical method called "bootstrap technique2.”

3.2 Boot Strap Technique

Ideally one would want to have another big data set (originating from the same basic
population) to test the stability of the found relationship. It is often impossible or at
least extremely expensive to obtain new data. Bootstrapping offers an opportunity
to use the data we already have to illustrate the variation that would have occurred if
new data sets were collected from the same underlying distribution. It is especially
useful when we don't know the true underlying distribution." For a moment we
think of the data we have observed as the reality."” Bootstrapping deals with what
variability would be the result if several different samples were drawn from this
distribution.

icycle coallicts per bcyclist 0)(9%]

1600 = Car Tloe

Figure 7 Moving Tree Point Average

From the original data set we select randomly, with replacement, the same number
of observations as the total number observed. Since the selection is random some
observations will be selected more than once and others will not be used at all. In
this case a typical sample could be like; one third of the original observations are not
included, 40 percent is included once, 20 percent is included twice, 5 percent is
used tree times and 1 percent of the observations is included four times. The reason
for selecting the same amount of data, as in the original dataset, is that we now
treat our original data as the reality and apply lots of fictive studies on this reality.

tistical Methods ", Urban Hjort 1993
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3.3 Result of Boot Strap Procedure
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g a, e hundred times the result are illustrated in
u ep Moving T int Average illustration and each
cross represents new aggregate created in the way as described in section 2.2.
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Figure 8 Result of 100 "Bootstrap" runs

It looks rather obvious that the two local minimums in the graph are not be derived

| risk for an ual clist
le 1000. This sh that
a e and certai lin

otheses about why the risk es along

on could be that a specific in ection is
f conflicts. Now we have to bear in mind
ches, three or four per intersection.

In order to test if the shape of the curve is derived from some specific intersections

we carried out similar analyses on parts of the nd y

of the intersections were selected for exactly S. u

four consecutive runs of different selectio 1 of t ria i

that the shape of bicycle risk to car f p seems to be similar in the
four different sele s. It is also obvious trap technique illustrates the
increased variability due to the halving of t al.
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data material
Despite the s shape of the curve, it may be derived from some specific layout.
This is somet we are going to look further into. On the other hand, since this is a

random selection of approaches in two Swedish cities the relationship is what should
be expected in these cities. It is not self evident what should be regarded as
spurious correlation." If we think of rerouting traffic, we could avoid certain
dangerous layouts or places were the combination of flows are dangerous.
According to modern theories regarding behavioural adaptation one could well
imagine that this effect on the objective safety is derived from misperception from
the road users despite the layout.

If we are able to change the design it is interesting to study this effect but if we are
to give r men ons to bicyclists it could be enough to tell them to avoid places
with car of a tain size. It is important to stress again that the flow value used
is not a micro flow i.e. the flow that each bicyclist experiences, but rather a
background flow that describes some kind of quality of the approach.

4 Conclusions

The result of this research shows clearly that knowledge about safety to exposure
relationship is essential in safety analysis. There seems to be no simple and general
way to handle exposure information. A tool for the illustration of such relationships
has ben developed and is described above.

The risk for bicyclists seems to decrease with increasing bicycle flow. The relation to
car flow seems to be more complicated. There are indications that certain levels of
car flow generate remarkable high bicycle risks. This may be due to correlation
between layout and car flow but could however also be an effect of behavioural
adaptation. The found relationship is surprising, interesting and needs further
research.
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Ch. GOLDENBELD Leidschendam, The Netherlands

ANALYSIS OF ROAD ACCIDENTS
TH THE USE OF L POLICE 7S

1 Introduction

Accident data for the study of accident causation may come from three sources:

au i p e ts and pth
de r n lar in ethe
co ct t This is ¢

police reports but starts with some comments on automated data bases.

2 Automated data bases

Mo cident st ics are based on po reports which have been into an
aut ed data e. There are varia S between countries in re and
content but the situation in the Netherlands does not seem to be very different from
that in other countries in western Europe. The automated data base provides
sufficient detail for standard accident statistics, including a.o. time of accident,

number and type of user/ involved, age sex of driv r/ trian.
The major problem these tics is underre ing (Harris, . data
in the base rs a.o. to of , em and
(intended) m vre of road , loc c /ob and
a code for a manoeuvre dia . The lat ¢ fE ean
countries, each with its own ifications d

The information is qu ailed and intended for research on accident causation, but
is hardly used by re ers. One reason may be that researchers are unable to
S of information d. More likely reasons are the difficulty to
c ilable data into ul types of accidents and the lack of some
e

2.1 Exploratory study

d tory
al zij,
re Ssio

a number of (mostly precoded) items and
space for a sketch and short narrative. Items were grouped under five headings. In
brief, the results were as follows.

Data base: some items much more detailed than necessary, other items too general
Original reports: available for classification
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Data base: too detailed or too general
Original reports: available from sketch and narrative

Data base: confusing when complicated
Original reports: available from narrative

Data base: available
Original reports: available

Data base: violations only
Original reports: some information on visual search and attention

Since it was found that the police forms contain valuable information use in research,
the general conclusion from these findings is that the data base needs revision in
terms of the coding of information from the police reports.

3 Pilot studies with original police reports

o] pi e carri
Y re here a
c a r of ¢

addition to the standard form. Both forms

consisted of:

- 133 cases on 80 km roads

- 479 cases with cyclists of 50 years of age and over.

ulted al s uries
to cl a d nto t
sce . this
needed and which is available.
T our steps:
- user

- classify by scenario.

av rs to by road users as well as to mental
a nces idea behind these successive steps is
of ur is the type of manoeuvre, which in turn is

related to the type of location.

3.1 Accidents on 80 km roads (Hagenzieker & No 1992) S

1 refers to a ction of 80 cases involving motor vehicles only. A further 53
involved ped ans, cyclists or moped riders. The lines in the table represent

sel from ginal sample. Each an be
i a ent, er, the types bec more
I mo n ation from the reports.
One ty | accident in this sample is a driver who loses control on the right hand
side of road (29 cases), then tries to ir ake a correction and crosses from right to
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left hand side (18 cases). This scenario

of
rs
sl
c h aca ma
n make ng
S from ro
o

explains why single vehicle accidents occur
road on the inner side of the road rather

two cars at an intersection with priority
y (23 cases. In many of these cases the
looks (or may even stop), then decides to

g the ht ( tis
d on ma ally
n ke ion, the

3.2 Accidents with old cyclists (Goldenbeld, 1992)

The
olde

inal

s kill taken to hospital.

le contained 479 cases in which a cyclist of 50 years of age or

Table 2 refers to the 388 cases that occurred inside urban areas. Of the collisions

with p ( s),

cases) te wit

control le aut
di
di

r in

Th t e old

int ti at

co f + 1

c

s

a

d

/ is

concentrates on one car on the main

checking the left hand side again.

rs ons (170 cases), the majority (103

ty ns. (N.B. Information on intersection
data base, but could always be found on
e between and d
n the two. ver, t a o]
g the sid d (33 at four legged
i ctions) collides with a car
many of these t as to
on that it may fi e the
hat it may take ti Ltis
r
aking t
ers. In
s, und
sts collide more with cars ing
uggested that th ge the situ to

trate on the situation to the right without

lves a cyclist on the main road who turns
b d (11 + 10 cases). In the m ity
ei finds no indication of the int ed
cyclist seems to rely on hearing to find
ause it is physically difficult to look to

y decision. The same type of accident is

found on road sections inside built-up areas as well (20 cases).
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3.3 Conclusions from pilot studies

In both studies useful types of accidents could be classified, based on location, road
user and manoeuvre. Few of these types each covered more than 10% of the whole
sample, some covered 5 to 10% each, leaving many rare cases not covered by more
general types.

a 1
i a n
a .T
can better be based on the automated
original rts to o n infor on
classific was ob ed by sive selection of cases. With large samples
some kind of cluster analysis may be more appropriate.
Many of the ce rts contain and cir
which is not s din automated d is useful
ypes of dents in more detail, pr acciden

ver, the rmation was incomplete

4 Study with a al report forms

A study has been planned to test the fe
data. This has to be entered on a separate

practical ns the add al form has
with the forms. In three separ
leted by the p e, ano to be
to be comple by a ial pr

forms are listed below.

- expectation/preparation
- visual search
recognition/judgement
attention/condition
vision/lightening

speed estimate
sequence of events

- trip motive

- type of location

- type of road

- road elements

- traffic volume

- control elements

- position of road users
- detailed sketch

- initial type of accident
- position and direction of movement of road users relative to each other
- intended manoeuvre

Most of the items have precoded answers. The items on the police form have to be

answered as estimates or best guesses rather than as legal evidence (as on the
standard form). Some of the items on the road authority form could also be
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answered by the police, others require more detail. The role of the coordinator is to

check the completed forms and to combine and recode some of the data on the

other forms.

The results of this study may be used to design a new standard for accident

reporting with regard to the data to be collected and stored.
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Table 1: 133 serious accidents on 80 km/h roads

80 motor vehicles only
52 road section
45 one vehicle
29 lost control
on right side
18 after correction off
road on left side
9 left hand curve
7 straight section
7 two or more vehicles
4 overtaking
3 into tail of slow moving vehicle
(at night)

28 intersection (priority signs)
23 crossing
17 car on side road,
straight on
14 car on main road,
from right

Table 2: 479 seriously injured cyclists, age 50 +

388 inside built-up area
241 with passenger car
170 intersection
103 priority sign
58 four leg
45 crossing
33 car on main road
22 car from left
12 same direction, on main road
11 bicycle to left
4 from cycle path
45 three leg
28 crossing
17 car on main road
14 car from left
11 bicycle on main road
5 bicycle from right,
on left hand cycle path
10 same direction on main road
10 bicycle to left
4 from cycle path
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Emh ABU-SARDANEH rsity of Jordan
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Amman, Jordan

A ISAL AND I%(ING OFN FFIC ACCIDENTS
/

Road traffic accidents continues to create a very pressing problem, and it can be

attribu , y a on | fa . As a
develo r wth on the several
years. r arly lio the of this
century.

The frequency and severity of traffic accidents are useful indices in describing the
level of service afforded by a road segmen or system.

During 1991, a total of (18.756) vehicle accidents were recorded. The cost of road
ents in Jordan is obviously a subject for detailed research. In 1990 the cost of
accidents in Jordan was $ 71 million.

aim of p is to the relationship between number of accidents,
ies and hs to eva he traffic development rates in Jordan.
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one step further towa
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reat variety of environmental conditions.
d by formal and informal rules. The human
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by
me
ble
me
of user beha in the given
nb iour and in tion in traffic
ngress, but the topic was present also in
nt to stress that was an explicit or
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beh
ad

TTOD

The aim of the research presented is to
observed traffic behaviour, traffic violatio
accidents. The primary areas of interest

d y

S SS

\% (3
supp d the h esis, i.e. that
dents related. ic violations se

traffic behaviour that is safety relevant, an

seems, therefore, a promising area of study and methodological development.

methods (interviews with experts, with

expectations.

The of
appr r d
carri t r N

those locations, assessment of risk as pe

e
g

e

ing co and v rather being

d ly on tes of statistical k. The ch on h the p tation
b was more rich than at could have been presented in a short
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time, but the methodological and conceptual framework developed was the most
important message of the presentation in the given context.

The last presentation, that of Wolfgang Rauh on motivation, opinions and riding
habits of cyclists in Austria was based on a questionnaire survey carried out in
Vorarlberg, one of the federal states in Austria. A questionnaire was sent to every
household and contained questions related to cycling habits, use of different bicyclist
facilities, opinions about the advantages and disadvantages of bicyclist facilities,
motives of choosing bicycle as a means of transport, etc. The presentation itself
covered a much broader area than the results of the survey. It was a general
overview of the different aspects of bicycle use and bicycle traffic with the basic
idea that cycling is an important and socially advantageous way of transport which
should be promoted and which could make the whole traffic environment more safe
if it got all the support it deserved. A far-reaching and lively discussion followed the
presentation which revealed that safety experts present had quite divergent opinions
about the safety effects of a bigger share of bicycles in traffic.

The presentations that were shortly summarized above studied different problems

and se ed o] (o] dr
of the up n p ua i
observ n p

colourful and far from unanimous.

To start with the interview technique, it is clear that it can be a useful part of a
divergent set of methods, clarifying underlying opinions, attitudes, habits, etc. It is
not a proper tool for safety evaluation in itself.

Behavioural observation is far from being a standardised method of safety evaluation,
and taking possible diverse aspects of behaviour into account, perhaps it never will
be. There are different approaches to define those aspects of road user behaviour in
general that are related to safety. One of those approaches is based on error data, an
other one, presented in this group, used traffic violation as a specific group of
dangerous road user behaviour. The safety relevance of traffic violations in general
has not yet been proven, even if some forms are clearly safety related. Definition of
error is an other conceptual problem in traffic, where correct or safe behaviour can
hardly be quantified, and acceptable behaviour is quite different in different cultures,
even within Europe. Behavioural observation as a method of safety evaluation can
not function without a frame of reference, without a definition of those aspects of
behaviour that are safety relevant, and a definition of safe and less safe behavioural
variants. It seems to me that safe or unsafe behaviour can not be defined in general,
only in a situation-specific way. This means that behavioural observation, at least at
the present level of the development of the method, needs always a clear definition
of the situation in question, a normative description of the expected behaviour in the
situation, and a definition of those behavioural aspects that are expected to be safety
relevant, therefore need to be observed. The theoretical background described above
includes a clearly defined hypothesis. This do not mean that a study can not be
started with a 'beginners mind’, looking at the problem with fresh eye. A qualitative,
phenomenological approach can be useful at the introductory phase, when the
situation is described and behavioural variables are defined. It may precede the
systematic behavioural observation. The quantitative verification, however, can not
be based on random or standard observations, independent of a hypothesis.
Adequate indicators can not be selected in general, they have to be related to
questions on which they are able to present an answer.
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Derek PACKHAM University of Newcastle upon Tyne

D. SALTER Department of Psychology
D. SILCOCK United Kingdom
T. CARTHY

co TITIVE VIOUR ON THE ROAD
Introduction

This paper reports part of an interdisciplinary project (Carthy et al.,1993) carried out
at the University of Newcastle upon Tyne that was based on a 36 km. route in and
around the City. It pays particular attention to the range of procedures adopted with
a view to comparing data obtained by subjective and objective methods, as well as
direct and indirect risk assessment.

There were four phases to the project. The main attitudinal data were collected from
interviews with 319 people in their homes or at the University. 207 people drove the
route in their own or a hired car (it was their choice and ended up about 50/50).
They provided an assessment of risk to themselves and to the average driver at the
specified locations using a 10-point rating scale. 133 people were taken to seven
locations as pedestrians where they crossed the road and were then asked to give
similar risk ratings. A more detailed, direct appraisal of various attributes of the sites
was also obtained and how these attributes might contribute to the risk rating. In
contrast to the on-site surveys (ie. the drives and the walks), the fourth survey
involved collecting equivalent data indirectly, off-site; it used a novel approach,
making use of a specially equipped lecture theatre in the Department of Psychology.
Here 473 people typically in groups of 30/40, watched video film of specific
locations from the drive route and again gave ratings of risk. They did this on the
basis of 10 film clips, 5 from the driver's viewpoint and 5 from the pedestrian's
viewpoint, and their responses were made on a small keypad that allowed direct
recording onto a computer.

Within each survey volunteers were divided by age and gender forming twelve
groups for the purposes of comparison: male/female; 17-24, 25-34, 35-44, 45-54,
55-64, 65 years and over. An important feature was that some participants were
involved in more than one survey, for example, 95 people were both interviewees
and drivers.

Results

For the purposes of discussing competitive behaviour on the road, attention wiill
mainly be focussed on the attitudinal data and drivers' assessment of risk to
themselves although corroborative evidence from the pedestrian walks and the
iindirect video assessments will also be cited.

fa) Interviews
In order to put the findings into a more general context, Table 1 summarises the
mean ratings given by all the respondents across a range of social issues. Each

interview took about an hour to complete and contained many sub-divided questions
s0 only the major clusters of attitudes are now discussed in relation to Table 2.
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T ble I. Road accidents in the context of other
(higher ratings out of S indicate Table 2. Clusters of attitudes

ncern)
1 order-orienied: rule-directed, law-

lssue Me n abiding and concem for a well-ordered
rating environment;
2. community-oriented: concemed for
Violent crime 4.3 the fabric of society and the eaviron-
House theft ;gg ment;
Social health care - 3 youth-oriented: oriented towards the
Standards of education 3.94 N .
Poliution in the environment 3.93 concs:msuof y-outh. tolerant, ‘anything
Road accidents 3.9 4 gocs ou ook;
Drug buse 3.82 - self-oriented: scifish, everyone for
Unemployment an themselves, kicking against social
AIDS 3.69 constraints of order and discipline; and
The ‘cost of living’ 3.39 6. med: aged,
Traffic congestion 3.31 with issues
with immediate needs, doesn’t know
and/or doesn’t care.

‘These cluster patterns of attitudes can be more extensively defined by setting out
their main characteristics and by observing their intercorrelations. Individuals scoring
higher on cluster 1 (order oriented) tends to be more in favour of road discipline, and
the perceptual directives provided by road signs and markings. They regard
improvements in these road indicators, together with the better discipline of vehicles
and pedestrians, as effective countermeasures to accidents. Accidents themselves
are viewed as being caused predominantly by slips and errors of behaviour - rather
than wilfully committed. Thus, in this ordered context, anti-social behaviour is
perceived as threatening.

Those who scored higher on cluster 2 (community oriented) are members of a group
which shows concern about social and ecological issues. They view the reduction of
vehicles and restriction of their access as effective so that any accident
countermeasure that necessarily inconveniences the private motorist would be
accepted in a positive frame of mind. For example, the introduction of road humps
are seen as a necessary imposition with a beneficial outcome. Similarly, for the good
of the community and the environment, stricter laws against drink-driving and more
severe laws and punishments would meet their approval.

Cluster 3 (youth oriented) is characterised by attributes which show them to be
against stronger law enforcement of any issue that demands greater social
responsibility. They do not favour further restrictions on the young, nor consider
targeting the young, whether they be drivers or pedestrians, as effective measures to
reduce road traffic accidents.

People with higher scores on cluster 4 (self oriented) tend to be averse to any
measures involving the banning of alcohol and the setting up of deterrents backed by
severe punishments. They tend to disregard the role of external factors, such as
traffic density and policy making as having any significant influence upon accident
reduction. They see little point in reducing speed limits or the stronger enforcement
of the existing limits, and view road humps negatively as an impediment to motoring,
rather than as a safety factor.

Higher scores on cluster 5 (unconcerned) show little or no concern about social
issues, other than immediate requirements. By opting out, they do not appear to
support any positive steps to alleviate traffic accidents. This attitude of mind is
characterised by thinking that reducing motorway speeds or other methods of
limiting driving speeds would not have any effect on the accident rate. They have
no definite views, one way or another, on the social implications of different modes
of transport. Nor do they show much awareness of effective safety measures, such
as the recommending and the enforcement of wearing seatbelts. They do not regard
violations or stupidity as a major cause of accidents.
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Attitude differences across 12 sub-groups, male/female and age are also relevant.
Cluster 1 (order-oriented) is more prevalent in older groups and more associated with
women. Cluster 2 does not show such strong differences although women are more
likely to score highly. Of course younger respondents score more highly on Cluster 3
- more interesting is that women are less likely to have this attitude of mind and that
drivers score much more highly on this dimension than non-drivers. Younger men are
particularly e as a group holdin self-oriented cluster of attitudes and again
drivers score highly than non-d

From other questions it appears that more competitive driving behaviour s
associated with holding attitudes summarised under Cluster 3 and Cluster 4 headings
and further that competitive behaviour is also positively correlated with an accident
history. male d again predominate in Cluster 5 and there are high
intercorr with ClI 3 and 4.

(b) Driver Assessment of Risk

One way of construing ionships a road users is in terms of relative
dominance: drivers, for e le, can be as occupying positions of fluctuating
dominance - from waiting to turn out of a minor into a busy major road, through
ying for pos n lanes merge, up to what m seem the desir
on of accele in slower traffic. Constant am st all this v on is

pedestrians pose the lowest threat and, given their vulnerability, it is important to
examine the consequences for them:-
(i) a major finding from the drive data is that drivers pay little heed to competing
pe rian acti in assessing risk. The dri ' risk rati though
co te mode ly with numbers of vehicle dents, as r resear
have found, bear no relationship to pedestrian accidents. For instance, in
relation to two sites, one with the most vehicle injury accidents in the four
years prior to our study and the other with the most pedestrian accidents,
drivers respectively gave high and only average ratings. These drive data are
corroborated in the more detailed analysis made possible via the video
presentation from the driver's perspective when people had more time to reflect
on their decisions; ratings correlated well with the direct assessments made
during the drives but again little account was taken of competing pedestrian
activity.
(i) from the walks data important differences emerge depending on whether
the pedestrians also possessed driving experience that would enable them to
assess potential dangers in each location from both points of view. The
rences in risk ratings ed that they took into nt, perhaps
citly, their behaviour as Other studies eg. among pedestrians
(Sheppard and Pattinson, 1986) show that non-drivers are more prone to
pedestrian accidents.
(i)  in addition, there is the frequent tendency, at least in the UK as
acknowledged in the recently revised Highway Code, for some drivers to
threaten pedestrians about to use a designated crossing (by not braking until
the last moment). In some cases the right of way may be unclear and the
danger is that competition can resolve it - from the pedestrians' viewpoint they
may feel secure in exercising their legal right but from the drivers' position it
may seem unreasonable to have to stop so quickly. Equally dangerous are
instances when drivers explicitty compete with one another by braking late at
roundabouts or as lanes merge.

Competition Model
ng Brown's (1991) m of subjective safety as its starting point, this model

rs a means of linking eption of risk and attitudes to road use. As well as
providing a means of summarising the types of conflict on the road discussed above,
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the framework can generate hypotheses about the links between biographical data
and driver behaviour, for example, or the processes of attributing causation of and
blame for accidents.

Figure 1 Competition model of road user behaviour

Personal Attributes
og Gonder, Inlefligence, Age,

Tomp nl, Physical
Short Term Influences Long Term Inﬂu_ences
o9 Time of day, Weather, eg Education, Training,
Speed, In car/on foot Exposure, Experience
Perception of
Road Conditions
#g Vehicle movement
Road layout
Pedastrian activity
Attitudes
09 View of seif and others
Assessment of Type and level of concern
Relative Dominance Bollefs and values
Evaluation of Options
Subsequent
Decision Taking Assessmont
Justification

Action if required

As shown in Figure 1, external influences at the time combine with individuals'
attributes, as modified by their accumulated knowledge, to affect their perception of
road conditions. They then assess whether they have priority to proceed before
considering the available options. Importantly the model proposes that this evaluation
is affected by prevailing concerns and values rather than being based simply on
estimates of statistical risk. Our analysis suggests that non-rational factors (eg. the
need to assert one's perceived rights) can affect the ways the relationships with
other road users are assessed. Moreover, in the absence of clear cues to resolve the
ambiguity, the outcome can be a failure to yield which in many instances leads to
accidents. Decisions taken therefore may or may not be rational and this applies also
to any subsequent justification of the action taken, where the victim, such as a child
pedestrian, may be blamed unreasonably.

If the competition model is accepted, then in one sense it simply underiines what

traffic engineers have been trying to do for many years, namely to impose some
degree of order and clarity of purpose onto the road network. If priorities can be
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defined more clearly and the requirement for one party to yield can be made more

[ [ to be . Vi
h Il o the S;
S h do no i | at

approach will yield positive benefits with order and community oriented people, it
may produce unwelcome side effects amongst self and youth oriented individuals.
i
i

need to compete is stifled at the tion, it may more aggressively by
speeding on the next stretch of o r Thus coun ures which act at the
unconscious level may be more effective in addressing all road users to behave in an
nner e m the use
ngs c in ts to an
ogra o ng ur.
The Use of Methods
a plex m i their i
S easy st g self-
a the be a the
pe
re
on
ct

collected and confidence in making broader inferences from the results.

Moreover, the conclusions that have been drawn here about competitive behaviour
have been strengthened by the cross referencing, made possible because a
proportion of drivers participated in more than one phase of the overall project. New
in ts can be gai by the ss of cross comparison: a diffe blems
fa by different s of dr at the same sets of locat for . Had
we relied solely on questionnaire data, it would not have been possible to assess
perception of risk directly and, without the independently_collected accident data, the
potential importance of competitive behaviour would have lacked adequate

rat More ally, linking objective and subjective measures, direct and

as ments Id enable us to interpret more accurately the intricate and
sometimes paradoxical behaviour of road users.
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Wolfgang RAUH Verkehrsclub Osterreich VCO
Vienna, Austria

TIVATION, AND TRAFFIC VIOUR
OF CYCLISTS IN AUS
With the first ed of the "guide to b e-friendly organisation of -traffic -
Das Fahrrad im ehr" [5] in 1990, ral communities became ested in

concepts for the promotion of bicycle traffic offered by VCO.

Work on these concepts always started with questionnaires being sent to every
household. To be sure that the proper planning-suggestions would be made for the
pr pl had to be gathered concerning (amongst many others) the
fo ng ti

How important is bicycle-traffic in the town or village already (or still)?

* Does the majority of cyclists use the bicycle as a means of transport or for sports
and recreation only?

Is the bicycle used by young people only or is it used by all age groups?

* Can cyclists be seen as vehicle drivers with full traffic skills or merely as
"pedestrians on wheels"?

* Do cyclists use the bicycle all year or do they quit cycling as weather and road
conditions get worse on rainy days or during winter?

* s it sufficient to offer safe and comfortable connections to cyclists through side
roads or do cyclists have to use the main roads of towns and villages too?

* s it sufficient to make cycling safer or is there more that in planning for bicycle
traffic has to be taken in account?

* How do cyclists appreciate different types of facilities (cycle lanes, advisory
cycle-lanes, cycle-paths...)?
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Results of questinoning:

split in Vorarlberg
cyclists and pedestrians)

pedestrians

22%
publ|c4t;ansport bicycle
17%
motor-bike,
car drivers company-bus
7% and others

10%

car passengers
1%

Graflk: VCU, Daten: OSTAT, G.Sammer

t e tisti of rl re
e d are [9 | d t
n h to or e in

area.

What is your main purpose
to use the bicycle?

transport
76%

sports and
recreation

25%

data: W.Rauh, Rad-Konzept Rankwell, 1983 (N » 330)

75% state that they use the bicycle mainly as a means of transport [8]. In this group
the number of weekly bicycle trips (another question) in average is 2.5 times as high
as with people who mostly cycle for the purpose of sports and recreation.
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se of trips
(e way back home)

% of all trips by bicycle /by car

40
30
20
10
0
to work to school business shopping other
bicycle car

data: OSTAT, Mikrozensus 1983

Its e questionn seem to confirm r data (1983) from the
bu tatistics (OS showing that the purposes of trips by car
cy most the same [9].
How often do use the bicycle?
(bicycle us ending on age)

% of answers (N = 1780)
100

80
60
40

20

10-20 21-30 31-40 41-50 51-60 61-70 71-80 81-
age
frequently or — hardly or never

sometimes
data:0.Hutter, Verkehr In Dornbirn, 1990

in the -group of 71 over there is a strong decline in the number of
le who the bicycle "fr ntly" or "sometimes" [3].
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Do you continue cycling if...

% atill cycling
100%

80%
60%
40%
20%

0%
it is cold it raing It is snowing the road is icy

Qrown up persons children

Rauh.W., Radf hren In Dornpirs. @1

Only in conditions when even driving a car is not advisable around 50% of grown up
cyclists and still less children give up cycling [6].

How do you turn left on crossings with
left-turning lanes?

% of answers (N=275)

70% 63,1%

60%
50%
40%

30% 1) 2) 3)

14,1%
20% 12.6% 10,2%

10%
0%
1) middie 2" petween 3) like unknown

of lane tanes pedestrians

data: W.Rauh, Rad-Konzept Wafict 1392

Assuming that the way a cyclist makes a left turn can be regarded as an indication
of the degree of his or her traffic-skills”, it can be said that the proportion of
cyclists who are "pedestrians on wheels" is less than one in five [7].
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Do you cycle on the main streets?
{Names of streets were listed)

41%
yes

2%
not necessary

1%

no (too dangerous)
46%

If possible | make detours
to avoid main streets.

Rauh W., Rad-Konzept Rankwell, 1993

Only 2% state that it is not necessary for them to cycle on the main streets of the

make to ing on main streets as much as possible and
c e other of 1.

Would you prefer a street to have
cycle-paths or cycle lanes?

other
7%
cycle-paths
46% depends
35%
cycle-ianes
12%

h, R dtahren in Dornbirn, 1991

INn some cases or even in any case be bett
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What is most annoying if you use
the cyclepaths in StadtstraBe?

% of answers (N=1020)

70 langerous
tro Ings N0 chance . i of
60

left-turns

80
surface
40

30
overtaking

20 talse-parked

other

10
0

children grown-up persons

Rauh W., Radfahren In Dornblrn, 1991

Asked directly about the problems that occur on cycle-paths, most cyclists state the
risks and hindrances well known from the analysis of accicent data and traffic-
conflicts [2][4][6].

How important are the following reasons
to choose a certain means of transport?

% of answers (N = 2510)

100%

80%
unlmportant
60% rather unimportant

N

none of both

XN rather Important
40%

Important

20%

0%
comfort safety gaving time

VGO, Unterwegs zur Universitét, 1990

There are many reasons to choose or not to choose a certain means of transport.
Three of them - comfort, average speed and safety can be influenced by the way
traffic facilities are designed and traffic is organized. Among these three motives
"saving time" (= average speed of travel) is stated as most important by far [1].

Conclusions:

Most people who use the bicycle use it as a means of transport for their way to
work, to school or shopping. Therefore conditions for cyclists have to be improved
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where schools, shops and offices are: in the centre of towns and villages and within

in tp .

"p ns w s". If cyclists are ed the

tu th re ed to share the pave ts with
S is a to p e cycling. Cycling can only become more
i he re s for e to choose a means of transport are taken

me ha

cycling must become faster (= without delays or detours)
cycling must become safer
cycling must become more comfortable

ing in a town or village has to find out by
oblems for cyclists ocur. Ready solutions
tions with all proper details have to be

ledge of the traffic-behaviour of cyclists

comfortable "standard recipe” to solve all
se with safety problems. These can get
If there is any "recipe” how to make
nd villages it can only be this:
Use all possibilities to make it easier for cyclists to be what they are and what they
be as long as cycling should make any sense: vehicle drivers sharing the
with other vehicle drivers.
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Reinhard BAUER Stuttgart, Germany

VIOUR AT TRAM Y CROSSINGS:
C L AND ME L CONSIDERATIONS ON A
PREVEN TED STUDY IN STUTTGART

Abstract

Definition of the problem:

In the field of public local traffic there is uncertainty regarding the safety-relevant
effects of particular arrangements a estrian crossings in the field of tramways
and city railways. It is not known kind of arrangements are necessary and
sufficient under safety aspects.

Aims:
Proceeding from the actual behaviour at differently organized crossings there shall be
attempted by the means of theoretically structured designs and methods to

systematize the be ur e passers-by and to relate it to the arrangements on
the scene. There r mendations for a safety-relevant organization of
p an crossings shall be derived. Proposals for improvements shall be
e ed.
Procedure:

ng

a,

S

T

concerning the behaviour at differently organized crossings as well as in specific
situations.

In this report the problem as well as the selection and the combination of the
methods will be nstrated and explained. The methods will be presented and
discussed one by

The aim of this pro is to syste the behaviour of pedestrians at rail crossings
by the means of th tically stru methods and to relate it to the arrangements
on the s . Pro ng from this, s s of the traffic ty of e
crossings | be e ated and recom a for a safety rele organi n
of crossings shall be derived.

The purpose of this report is - not merely to present re rather | would like to
describe a definition of the problem as well as my app to the subject, as the
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project is not completed yet and as presently, this working group is concerned with
methodical questions. At present | am occupied with the elaboration of accident
analyses (see below).

1. De of the problem

In 1990, there was a series of serious
respectively city railways and pedestrian

ct, which was also discussed by the

was talking of "killer crossings”.

municipal commission concentrating on a

it was ided to build s lled z-crossings (see below) on condition that the

e nee is available that new construction measures are under
consideration. Nevertheless, there is still uncertainty concerning the safety relevance
of the various existing arrangements.

At p nt, are numerou ly o ized crossings according to historical
and ial ts. The most vari can be seen in picture 1.

Picture 1: Basic models of the most important crossing-types

The most important kinds of pedestrian crossings

Alternative 1

Tram on grooved rail.

The rails of the tramway are
imbetted in the lanes of traffic.
Traffic lights aim at tramway,

car traffic and pedestrian.

Alternative 2 | |

c lanes.
Traffic lights aim at tramway,
car traffic and pedestrian. | |

Alternative 3

traffic lights for the lanes.
Traffic light aim at tramway, car [:E
traffic and pedestrian

Alternative 5 I [
an crossing with Z-shape
ay.
crossing with separate
traffic lights for the car lanes.

or alternating light.
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| arrangement there are several variants

As for the flash-signal installations at particular tracks the following variants can be
listed:

| on top of the other)
amway symbol
other (blinking in different intervals)
f the other (blinking in different intervals)

The flashing installations and the red light are in operation when a train is

oaching the pedestrian cros At the z-crossing als are screwed in so
the tramway driver can see ther these are in o
n.

Picture 2: The two car-types of the SSB in Stuttgart.
(Source: Stuttgarter StraRenbahnen AG.)

an . W
ca on.
on the

most effective kind of crossing for traffic

count as many arrangement details as
cularities) or at least, to reach relative
of a comparison with existing crossings.
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In the following | would like to describe the methods | selected for that purpose.

2. Methodical procedure

The multitude of variables that have to be considered as well as the rarity of
accidents prevented a systematical-statistical procedure according to an experimental
or a quasi-experimental design, at least within the limits of a conventional thesis. The
theoretical approach, however, that | would like to pursue does not necessarily
require such a design. Accidents are regarded as the final stage of a complex course
of action which is preceded by cognitions, preliminary regulations, etc. Similar to the
analysis of the problem in Hacker (e.g. Hacker, W. 1986), the problem of the safety
of estrian crossings ires the assumption of ly con and systematic
be our or action pat respectively action de the id cation of which
requires a rather explorative procedure.

By explorative methods of this kind | attempted to approach the subject from
different angles in order to penetrate it subsequently by the means of observations
and interviews.

Picture 3 shows the individual phases in a chronological order from top to bottom.
The brackets should symbolize the course of action but also the widened base of
knowledge influencing each of the subsequent phases. In the following, the methods

to be seen in picture 3 will be discussed and explained separately, including a
description of the logical procedure of this study.

Investigation design

pre-experience and pre-knowledge

Foo i

pre-observation talking with experts
d
e |
vV -t
e | analysis of accidents
1
o
p .
m
e
n : interviews of tramway drivers
t |
o —
-
f I
l
m | selection of pedestrian crossings which are to be observed
0
|
. =+
1 selection of behavior which is to be observed
s

observation interviews of pedestrians
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2.1. Model design

In parallel to the empirical parts, model considerations will be made with regard to
the illustration of the action patterns mentioned. These models will be tested in
existing reality and They serve to systematize the observed behaviour but
also as "a pair of sp " in the course of the ongoing study.

The model propounded raises questions like:

* What pre-conditions make the riskless crossing of rails possible?
* How can a risk potential be identified?

The model design also conforms to Kaminskis conception of a transactionalist theory
of which at the regis of actions in dynamic environments in
de e on th nvironments ( ki, in preparation).

2.2. Previous experience and previous knowledge

First of all, picture 3 descr pr exper es and prev s .
Normally, this item is not men d, er,its s to be essen in .
(Presumably, it can be said that as this item is always important it should be
explained more frequently.)

ha al

es bs

A B
) pa

behaviour settings, which are characterized by determined rules of behaviour. He
proceeded on the assumption that these rules are in a way naturally linked to the
c nding spatial settings. A b or an intersection may be regarded as such
s Kruse, Graumann, Lante (Hg., 1990) give a general view of the
comprehensive field of ecological psychology.

On the other hand, a real-life reference to the subject is important. This is the case in

road ic studies, in so far as the analysts know the field from an interior view as
car rs and pedestrians. Of course, this is hardly the case with rail-borne
vehicles.

Nevertheless, in this case there is a certain familiarity with the partial system, rail-
bound local traffic. My father was a tramway-conductor in Stuttgart, so for me, it
was a matter of course to use the tramway as a preferable means of transportation.
Thus, from the beginning, there existed familiarity with the locality as well as a
certain knowledge about the means of transportation and the transportation company
concerned.

Explanations like that also involve a biassed position, so that |, for example, do not

call in question that the flow of rail traffic should be quite fast and that this transport
system should take precedence over other motorized means of transport.
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2.3. ary Observation

n are he y- et fic yS.

s nning o c th eat

using n a r f of

v n. In addition, | toas t pedestrian c ngs time in order to
o rve the people them. her important tis the o of oneself

during the everyday-use of crossings in order to answer questions like:

Which aim of action controls my behaviour in dependence on the location?
When do changes in behaviour settings take place?

Where and when do orientations take place?

How do different signals influence the courses of action?

Which role does acoustic information play in orientation?

Furthermore, | visit specific locations, e.g. with a particular regulation system in
order to observe its influence, first of all informally.

Apart from the observation of the courses of action, preliminary observations of this
kind lead to an increased familiarity with the locality.

2.4. Interviews with experts

This part of the study especially refers to interviews with staff members of the
d ent dep s within transpor company who have to deal with the
s ct (law, public r ons, man nt, planning, construction) as well as
with agents of the traffic police of the respective city.

These interviews are rather informal and unstructured, only the items to be discussed
are defined in advance. Interviews with rts serve to become iliar the
different experiences and opinions of exp as well as with the | plan and
"informal” background of the subject, e.g. in order to be able to assess which
alterations are actually possible.

The term "informal” means that we need answers to questions like: -~

*  Where can the different kinds of information be obtained?

* What are the interrelations of forces and the actual streams of communication
like in the transportation company?

* How does the co-operation among transportation company, police and
municipality work?

*  Who pursues what kind of interests?

*  Which hypotheses exist about the causes of accidents?

2.5. Accident analysis

The analysis of accidents was only planned to a very limited extent. While examining
the different accidents, however, | became convinced that a statistical analysis of

existing ac nt data also be a ageous with ar small nu of
accident si ions an this could ly a series of in n. In this .|
dr n enin s from July 19 une 1993. The files
of I h SSB data basis, the t and the quality of
th ng ferent accidents. Partly, there existed

investigation files of the police to rely on, partly only internal records of the SSB.
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On the base of these documents | selected all the relevant data which could serve to
iluminate the details of the incident as well as the course of action.

This included not only collisions involving s ns and cyclists at crossings but
also situations where, although a collision a ded, the driver carried out a so-
called danger-braking at the crossing because of a pedestrian or a cyclist. Frequently
it is the case that a passenger on the train was hurt in consequence of the braking.
So far, accidents of this kind have not been observed at crossings. Whether a
danger-braking involving no injured parties is reported to the transportation company
or not is entirely up to the driver. The number of all the accidents and near-accidents
recorded within the three years of the study is of the order of about one hundred.

Apart from the analysis of the m al conditions often to be d in accident
statistics (e. g. month, time of the sex, age, etc.), typical co of action are
identified and described before finding out to what extent these courses of action
accumulate.

A relatively frequent pattern, which was also found by Bréndli and Kobi (1989), is
for example:

pu aim of on to catch the tramway in time. At the
% he seco ry aim of crossing the rails safely only
r Y.

Furthermore, the accident analysis serves the identification of problematic crossings
and types of crossing as well as that of problematic situations and their marginal
conditions (time of the day, etc.), which shall be observed later on.

2.6. Interviews with conductors

On the one hand, conductors are informants as observers, on the other hand they
are themselves involved in the traffic and accident happenings at the crossing as
interacting participants. Both aspects are considered in the semi-standardized
interviews based on a prepared interview guide.

First of all, the conductors are asked about their general experiences, opinions and
attitudes concerning the subject. In that way it should be found out what importance
the subject has among them, how they think about it, etc. First, explorative
questions are used for this purpose. Finally, more and more specific questions are
asked, the conductor is confronted with the results of the accident analysis and
asked to comment on particular types of crossings, problematic crossings and
situations. He is shown pictures for that purpose.

These interviews are carried out only with 6 to 10 conductors, as this number can
probably cover the principal aspects and as a higher number would require more time
than is available.

2.7. Observation

On the basis of the results of the existing interviews, inquiries and analyses the
observation method is specified (video, direct observation or both), the relevant
situations and locations are selected. In the case of a thorough observation and
analysis of the resulting data, only few locations can be observed; however, on the
basis of the preliminary studies carried out a small number of locations might also be
sufficient to obtain results.
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The point of the observation is to find out,

* which paths are actually used at the particular crossings

* which typical courses of action can be observed

* which danger avoiding and danger increasing actions respectively partial actions
are performed

* and where and how the danger orientation takes place

2.8. Interviews with pedestrians

Actions always include unobservable components, too (perceptions, cognitions,
etc.). By the means of interviews with pedestrians these gaps in the field of the
obs Il be fille far as this is possible. at purpose, the rians
are directly crossing the rails abo installation and their
behaviour. They should in a way comment on their behaviour. In this case it will also
be important, to what extent the pedestrians realize the purpose of the crossing
facility respectively which hypotheses they have about them.

The data resulting from the three kinds of interrogations (with experts, conductors,
and pedestrians) as well as from the preliminary observations and observations, have
to be related to the spatial conditions by the aid of the model considerations, in

a tion, safety ssments con ng these spatial conditions have to be
e orated. Theref recommenda for the future organization of crossings will
be derived.
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Miladen GLEDEC INA (Industria Nafte)
Funkcija Transporta
Zagreb, Croatia

TRA CAL SURES AND TION SUPPORT
In ce h usted speed of vehicles in
en of d i pt is one of the leading one
in rk h n

In that field some of the measures are not the legal ones and there is a big variety of
shapes, dimensions and signing of them, partly due to ununified practice in widen
relations.

There is a big interest here for standards, recommendations and common practice,
not only in the field of traffic calming solutions and measures.

P y n e
u ly c e
p af d d

for our own usage.

Some results and experience with the using of mentioned procedures as well as the
problem of standardisation would be the matter of my contribution at the Congress.
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Marie-Berthe BIECHELER-FRETEL INRETS
Marie-Chantal JAYET Department of Evaluation and
Accident Research

Arcueil, France

occ AND CONTROL OF MO OFFENCES
EVALUA OF THE PREVENTIVE SYSTEM OF REGULATION

This paper presents an alternative approach to the traditional evaluation of the
regulatory prevention based on the linear linkage between a countermeasure and its
impact on risk. Focused on the violation of the rule as a key criterium (risk predictor,
observable and measurable behavioral fact, educative response) of the regulatory
action, the approach develops new conceptions and methods turned towards a more
comprehensive knowledge of the complex process of regulation.

The regulatory action process is viewed as an interactive system and a multi-criteria
process involving different actors (drivers, control officers, judges and administrative
officers) and covering the three usual areas of traffic safety studies: motoring and

d | of S.
(o} ts i rre
p riab ar
offence and accidents. The main common variables cover the classical categories of
risk analysis (type of time and type of day, type of vehicle and categ s of
trips, sex, age, occu , ...} and describe the main road offences (drink and

driving, speed, seat-belt, ...).
This methodology of evaluation has been applied at a local level in France by the

mean of coordinated surveys carried out in 1991-92. The ongoing development of
the experimental tool of evaluation will be presented including some resuls.
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TRAFFIC C ICT UE AS A MEASURE
FOR SAFETY EVALUATION

Report - working group F

General comments

The group session included four papers. Two of the papers dealt with "traditional"
conflict studies involving field studies with observers on site. These Austrian papers
had an emphasis on discussing the role of traffic conflict studies and techniques in
general safety analysis.

The other two papers had as their starting point one of the most crucial
disadvantages of the traditional conflict techniques - their high costs due to its
manpower requirement. The approaches, however, were totally different. One aimed
at saving costs by making the observation and conflict scoring processes automatic
with the help of image essing. The other used sim of conflicts as a means
of producing large qu ies of conflict data for s the effects of traffic
engineering and road design measures.

The main differences between the papers can be summarized in the following way:

Austrian Canadian Swedish
studies study study
Data collection On-site field Simulation Automatic
observation Image
processing
Role of conflicts Complement to Risk Surrogate
accidents indicators to acc.
Emphasis of use Product Product (and Process
evaluation Process) eval. evaluation

Much of the discussion circled around the central issue of the relationship between
accidents and conflicts, and the validity of the conflict techniques. The needs for
broadening the scope of traffic conflict techniques in the directions suggested i.e.
automatization and simulation were accepted, and the attempts to do so were
encouraged.

It was a pity that the paper of conflict studies in Indonesia was not presented, as it
would have the value of traffic conflicts technique in developing
countries. In ing countries ac nt analyses are difficult to undertake due to
poor accident statistics. The need for quick evaluation of safety evaluation of new
measures, however, is very pressing.
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Gerald Brown & Tarek Sayed: Time proximity measures for traffic conflicts simulation

The paper gave a rough outline of the factors behind the decision of developing a
conflict simulation model, the simulation model, and its structure. The foundation of
the model lies in the gap acceptance process based on existing knowledge (Highway
Capacity Manual). The model classifies situations as conflicts on the basis of Time-
To-Collision (TTC) values. Situations with a TTC value of 1.5 seconds or less are
classified as conflicts.

T | has for now been tested at four junctions, and arisons quite
P results. The further development of the m iders a ts of
stopping distances and visual perception. The authors also aim at performing a large
inventory of traffic conflict studies in order to develop the model further.

In the discussion, Brown explained the tance | in more detail. A
truncated normal distributions are used. It ed wh the model could ass
such be used to study design measures aimed at changing gap acceptance
behaviour. Brown also clarified that conflicts are close enough to accidents to be
used in safety evaluation even though they can not always be used in predicting the
number of accidents. David Lee's model of visual perception will be used in further
model development work.

The model does not utilize motivational aspects of driving behaviour in an explicit
manner, although these might be included in e.g. gap acceptance submodel in an
implicit way (the number of cars behind the first car waiting for a gap affects the gap
acceptance behaviour of the first car).

In the end, it was concluded that a model has not to be accurate and complete in
order for it to be useful in helping us to understand driving behaviour. In fact,
modelling work will usually reveal very efficiently our lack of knowledge and point
out the most relevant areas of further research.

Ase Svensson & Klas Odelid: A more automatic conflict technique with image
processing.

The image processing approach chosen by the authors has produced a semi-manual
prototype. This prototype has been used for testing purposes, and for further
development of the idea of automatic conflict observation. The prototype has shown
that it is necessary to smoothen the speed and TTC curves, and that a real-time
system requires the prediction of vehicle routes on the basis of present situation, etc.

The development of the system is proceeding in cooperation with the image
processing industry. The system is being developed in steps, starting with a road
user tracking system, automatic selection of potential conflicts, and ending in
automatic conflict analysis.

An example of an actual conflict situation stirred an interesting discussion on the
interpretation of the TTC curve. The conclusion was that it is very important to study
the whole curve and interaction process, because in that way it will be easier to
understand road user behaviour. The use of the already validated traditional Swedish
traffic conflict technique as the basis for the automatic system was regarded as a
good starting point.
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Rudolf Fruhmann: Traffic conflict technique for local accident forecast

A standardised Austrian traffic conflicts technique has been defined by the common
guidelines. The guidelines classify the conflicts into 10 main groups, within which
there are several conflict types. The classification resembles that normally used for
road accidents.

The paper compared the conflicts observed within three hours to the accidents of 1 -
5 years at the same junctions. There were a lot of differences between the accident
type and conflict type distributions, especially at signal-controlled junctions. On the
other hand, the aggregated distributions on the basis of 10 main groups were much
more similar. The conclusion of the study was that conflicts are not sufficient in
themselves in assessing the safety of the junctions, but they are their value in
complementing the accident data, and in studying specific safety problems on a
short-term basis.

di f r hniq ne p t cussion
g . sign led S b t up as
si r r . On rh S r hat this

study had only been a preliminary test with short observation periods.

Ernst Pfleger & Wolf Dietrich Zuzan: RVS1.22 Guidelines for traffic conflict technique
of the austrian research society for traffic and road systems.

s for the traffic conflict technique and its
is regarded as the most important safety
analyses in local road safety work. The

tential collisions into steady obstacles as
ven without a collision course. Lots of

llection and processes of individual road
users.

The following means of conducting conflict analyses are described in detail with
specific datasheets:

- conflict tables

- conflict diagrams

- structural analyses

- before and after studies

Also here, the conclusion was to promote the traffic conflicts technique as a
complementary method to support accident studies so that a more complete picture
of the traffic safety picture can be achieved.

In the discussion, it was pointed out that the Austrian guidelines attempt to
structurize the conflict studies in the same format as accident studies. The manner of
classifying driver behaviour on the basis of whether it was intentional (aggressive,
submissive etc.) or not also caused discussion. The intentional aspects are judged by
the conflict observers on site. This has proved also to be useful at least for
diagnostic purposes. An example of not complying with traffic signals was brought
forward.
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PR TY SURES
FFIC CONFLICTS ULA

ABSTRACT

This paper uses time proximity to hazard as driver perceived measures of
safety to simulate traffic conflicts when defined by time-to-collision. A traffic
conflicts o vation techn has n devel to rmine time-to-collision
behavioral onses. Statis and e rimental arch e provided insights for
reasonable threshold times to use in traffic conflict definition based on driver hazard
perception and behavioral response.

In order to extend the research potential, a traffic conflicts computer
simulation model, TSC-Sim, and attached graphics display for tee and 4-legged
intersections was developed and used to study traffic conflicts, with time-to-collision
as the critical traffic event in driver behaviour simulation. Some aspects of gap
acceptance criteria and differential effects of driver parameters including age, sex
and waiting time toler are investigated. The simulation was validated against
previous work in the li ure and actual conflicts at several intersections with, so
far, quite good results.

INTRODUCTION

Traffic crashes serious system failu yet our unde ng of the
failure mechanism is r; in part r, we know | about the co al linkage
between human factors and road safety. More specifically, good design, for both
con 0 icl hway (3
ani (o] ro sk an c
des . is ne ho e
between the driver and ro Y presumed to be perceived visually, may be
used in a simulation model lo r insights into this relationship.

In past investigations of human behaviour and road safety in the past the time
space between a vehicle operator and road hazards has been articulated as gap
acceptance in taking action to proceed safely and more recently as the concept of
time-to-collision in taking action to avoid collision. In this present research the
literature on gap acceptance (see for example, Darzentas, 1981) provides the means
for a simulation model of vehicle movement, while the concept of time-to-collision,
as a quantitative definiti the s ity of traffic conflicts, provides the means to
evaluate safety with the ation el.

Traffic conflicts, defined by time-to-collision measures, may well prove useful
to examine the road system failure mechanism, and may provide a measure of driver
risk that can be related to roadway and traffic parameters for safe design. But
programs to collect traffic conflict data are few because of difficult and costly
observational techniques with trained observers. It therefore appears useful to
attempt to simulate traffic conflicts for both research and professional objectives.
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CONCEPT OF TIME SPACE

he ¢ of S
beh ural wi o
con , and rst a
visual perception, a moving observer picks up prop of the ronment in the
form of ambient optical array of visual information is pro ed as an optic
flow tto b sp ich
he p dep o] ati to
haza dec n SO hip

(or synthesis) of these variables which he called temporal proximity, or more
specifically time-to-collision (TTC). Lee postulated that visual information alone, in
the form of the changing optical array at the driver's eye, is used to register the

haz br w C (o] ng pr e
spe col v a i ais e
sub by al n n haza S

the rate of separation of the image points.

The concept can be extended to the case in which two vehicles approach an
intersection on a converging course. In this case the time-to-collision is defined by

i ween the dt o e
course. |f by g e
on as a vi pt b n

s of the visual image of the clos angle ©. For a vehicle at rest at an
section waiting to proceed © is su nded by the time lag as defined in the
literature on gap acceptance.

Several braking and | ng ex ents appear to support
validity of this concept: S iler (1 McLeod and Ross (19
Carvallo et al. (1986).

The time-to-collision measure is used here as an indicator of the danger or the
risk of a collision. In principle, the lower the TTC value during the approach, the
higher the risk of a collision. In practice it is defined as the time required for two
vehicles to collide if they were to continue at their speed and were to remain on the
same path. As long as a collision course is p nt, TTC is a continuous function of
time. If two vehicles are not on a collision ¢ e, the value of TTC is infinite. The
function is linear when both speed and heading-angle of the two vehicles remain
constant. If none of the vehicles changes its speed and/or course, a collision will
result and TTC goes to zero. A "near miss" may be described by a minimum value,
TTC, . after which TTC increases.

To illustrate, Figure 1 shows what happens when a car approaches a fixed
object. Point A indicates TTC when the evasive action is ted, t,, representing the
available manoeuvring space at the mome 1t of braking. P B gives TTC,,,,, reached
during the approach.

VALUE OF CRITICAL TTC, t,

For simul n the value of the critical TTC, referred to here as t,, needs to be
defined. The dr decision rule assumed in collision avoidance is that, if TTC is less
than or equal to t, begin and continue evasive action, but after the point at which
TTC is greater than t,, revert to normal driving behaviour. If x is the distance
between a subject vehicle and a potential point of contact and v is the velocity at the
point where evasive action is taken, and if the road users are treated as point
sources for simplicity, the time-to-collision is x/v. Assuming that the velocity and
heading angle are constant, the critical event will be taken to be the point of evasive
action, or t, = Xx./v, with x, the critical distance. The t.;, measure presumes the
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driver adjusts acceleration rates to maintain a critical time space such that d,./d, = 0.
While this describes the rule on which to value t,, for simulation evasive action is not
possible to replicate and t, is simply taken as the minimum time space calculated for
two vehicles on a collision course.

A number of field and experimental studies using time-based measures of
driver risk indicate a desirable time-based driver safety space of 1.5 seconds and a
minimum space of 1.0 seconds (Godthelp, 1984; van der Horst, 1990). Van der
Horst (1990) has also examined by video analysis the distribution of critical events
from two major conflict calibration studies. In these studies conflicts were defined,

by to-coll n me but by a co on of o tive and subjective
ces by o rver from severa ries. W converted to time
measure the mean is very close to 1.5 seconds, as shown in Fig. 2.
To of an
arch ng ed
9. T re dr

various given speeds toward a styrofoam model of a stationary car, and to apply the
brakes at the last possible moment to avoid a collision with the styrofoam "car".
Driver vision was partially obstructed for some experimental runs. The experimental

site an aband airport p ing an asphalt test of 544 metres. Data
was ed and d aded to iba T1100 plus co r. A pulsed infra red
de tor on the vehicle fired on pas a side reflector pole.107m from the
co on point (that is, the styrofoam "). were 216 experimental runs in all;

18 for each subject at 3 speeds, 2 braking strategies and 3 vision scenarios. The
experimental apparatus allowed the following data to be recorded and downloaded;
distance with time, longitudinal speed with time, moment of braking action, and

m passing the r Summary results as shown on Figure 3 a mean
te conds and a in Of 1.1 second for the "hard” (emerge braking
in

The field experiment was also designed to test the visual perception
hypothesis of driver braking behaviour. For this experiment the 12 male students
instr to app ch the sty mock-up of rear of the veh at
ent a ch velo es and to t the last p le moment to a a
collision with the "car". Stroboscopic visual occlusion, by means of specially
designed electronic liquid crystal glasses, was used to monitor braking performance
in the absence of continuous visual clues 1 hich would normally be available to judge
distance and speed. Three levels of occlusion were used; (a) no visual occlusion, (b)
25 Hertz, or where vision was unrestricted for 10 ms periods at a frequency of
twenty five openings per second, and (c) 5 Hertz, or where vision was unrestricted
for 10ms periods at a frequency of 5 openings per second. These tests provide
scenarios of 100%, 25%, and 5% of the flow of optic information to the driver in
braking manoeuvres. Figure 3 shows summary results, indicating deterioration of
braking performance with visual occlusion with less deterioration at high speed than
at low or moderate speed. What is not shown by the figure is the large variation
observed across individual drivers, indicating a tendency toward individualization of
driving strategies in braking. However with this caveat, the experiment appears to
the sub braking stra could match the safe visual time space,
speed hesis, as s n by Figure 4(b), as opposed to the

conventional assumption of uniform deceleration as shown by Figure 4(a).

THE TRAFFIC CONFLICTS SIMULATION MODEL

The model simulates individual vehicles as they approach, proceed through and
depart an intersection. This process is quantified as a driver accepting a "gap" or a
"lag" in which gap is defined as the time headway between two successive vehicles
in the major road traffic stream and a lag is defined as the time remaining between a
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vehicl r nd a g
The s e emu p i
as fol c h a c
approaches; (b) on arriving at the inters
determined based on, a priori, realistic a
model assumes a minimum gap (lag) whic
with variation across drivers based on th
driver age and sex, and stopped delay. A t
a gap (lag) is acce by a driver, which n the ¢ speed of the
cting vehicles, puts h er at risk of collision the oth icle, using the
critical conflict time space criterion t.. It is assumed that traffic conflicts have the
same stochastic event characteristics as vehicle arrivals.

The model uses a micro computer version of the discrete event simulation
language, General Purpose Simulation System or GPSS/H, a specialized language
described by Schriber, 1974. The simulation model also has some features not
normally part of GPSS/H and therefore has been labelled "TSC-Sim," for Traffic
Systems Conflict Simulation. (For a full description and results of TSC-Sim, see
Sayed, Brown and Navin, forthcoming.)

Actions for vehicles in the model include vehicle generation, approach to the
intersection, choosing a gap (lag) and proce gto . The meters to
the model include: (a) traffic volumes of all fic s , (b) p of heavy

rse

ea

ino

mo
allowable headway, turning speed of vehicles, and maximum queue lengths are given
as constants to the model. It is possible to change the values of these parameters
between simulation runs.

The Gap Acceptance Process

This process takes places when a vehicle has to cross or merge with other
traffic streams where different traffic streams have different priority levels according

to ru d. i cal p by
te th nc d dt nt ion
ty c . im I \ ng th cle
type and the number of lanes to be crossed. Vehicles trying to cross or merge wait
for a gap in the conflicting t cs (streams) greater than or equal to their
critical gap. The critical gap v is multipl r cri

with a delay m on factor. The del ication ial

1.5 when the faces no delay value e

stopped delay increases with a minimum theoretical value of 0.5 when the vehicle
faces infinite delay. The model assumes that no driver will accept a gap that he/she
thinks will certainly lead to a collision. Therefore, a minimum acceptable gap is used,
with a value of 2.0 seconds as a minimum allowable critical gap, based on data
provided by Wennel et al. (1981). If the critical gap value is less than the minimum
acceptable gap, it is set to the minimum.

Vehicle drivers who decide to enter the intersection are assigned a single lane
manoeuvre time. This time is sampled from a truncated normal distribution function.
The mean and standard deviation of the function depend on the driver type
(Darzentas et al., 1980). The sampled manoeuvre time is then corrected according to
the number of lanes to be crossed and the vehicle type.
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Traffic Conflict Simulation

A traffic conflict occurs when a driver decides to execute a manoeuvre which
puts him/her at risk of collision with another vehicle. Conflicts are classified into six

as on osi
g ing |_ﬁ
. ion is

time s two converging vehicles during these conflict incidences. The
model whether or not the vehicles are on a collision course. If the
vehicles are on a collision course, the TTC value is calculated and compared with the
th  hold value of t,. If i n or | to the threshold value the m
re ds the conflict, i and TTC value. For this study
th  hold value of t_ is n
VALIDATION

Validity of the simulation was tested by comparing traffic conflicts observed at
four unsignalized intersections with traffic conflicts predicted by the simulation model

for these intersections for the same period of . The validation base
from studies of traffic conflicts at several int tions in the Gre Vanc
area. ugh several more int studies were rev , the
of the gnalized intersections by the conflict st were
co layouts, beyond-the simple T and four way rsections s d for
an All selected intersections were 4-leg interse ns with ne e gra

good visibility and simple layout. Table 1 is a summary of the intersection
characteristics.

Table 1. Study Intersections for Simulation Validation

. Turn . Peak Hour
Intersection Type Lanes Restrictions Minor Traffic
#1 4 approaches 1+1 none stop signs 120 vph/80 vph
242

#2 4 approaches 2+1 high type stop signs 500 vph/300 vph

(1+2 lane ramps on

major approaches) -
#3 4 approaches 1+1 none stop signs 460 vph/110 vph
#4 4 approaches 1+1 none stop signs 360 vph/140 vph

Conflict Observation Method

For 4 legged intersections there are 44 conflicting movements. The

these ments into the six categories

imself 2 seconds from the centre of

ke | s or the inning of ve

action. The method up hypot C z s accor to the ge

approach speed to fac e accurate

Traffic conflicts were recorded at the study intersections by trained observers.
The observation and recording method is an on-site, on-line record of the incidence

277



and severity of traffic conflicts. Observations were made for two days at each
intersection. Two observers were used each day for an 8-hour observation period,
giving a total of 32 man-hours/intersection. The severity of traffic conflicts is
determined by the sum of two scores: the TTC score and A "Risk of Collision" or
ROC score. The ROC score is a subjective measure of the risk of collision and is
dependent on the perceived control that the driver has over the conflict situation.
The TTC and ROC scales were given equal weighting and combined into a 5-point
Likert type scale. The summation of the TTC and ROC scores gives the overall
severity score which range between two and six. An overall severity score of two
signifies a low risk conflict situation and a score of six is a high risk conflict situation
(Table 2). The mid-point of the composite scale registers the critical event,
corresponding to a TTC of 1.5 seconds or less with a "moderate" ROC.

Table 2. Time-to-collision and Risk of Collision Scores

TTC and ROC Time-to-collision Risk Of Collision
Scores (TTC) (ROC)
1 1.6 - 2.0 seconds Low Risk
2 1.0 - 1.5 seconds Moderate Risk
3 0.0 - 0.9 seconds High Risk

Source: Brown, G.R. (1991)

Reliability tests of the observation method gave 77% accuracy with 95%
confidence, with a high of 856% accurac assessing the correct TTC. In addition,
in a study of 13 intersections to test the ity of a TTC = 1.5 seconds or less for
a measure of safety as defined by the number of accidents, it was found that at 8 of
11 in ctions con s are sign ntly correlated with accidents at 95%
confid with R2 = with 3 inter ions having R2 = .81 (Brown, 1994).

Validation Results

Conflict simulation was based on legal speed limits of 50 km/hr, but it was
observed that vehicle speeds were by and large higher, so runs were made at 70
km/hr and 60 km/hr depending on estimated actual traffic speed. The model was
modified for traffic volume changes for morning, noon and afternoon peaks, and
further adjusted to allow the exclusion of a left turn restricted movement from 7-9
a.m. at intersection #2. The overall results are given in Table 3 which shows
encouraging results, particularly in the distribution of conflicts by movement type.
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Table 3. Observed Versus Predicted Conflicts by Movement Category

Observed Predicted Predicted
Conflicts* Conflicts* Conflicts*
@ 50 km/hr @ __ km/hr

o Pso Pag
RE 4+1 240 4+1
Crossing 140 1+1 1+2
LT/C 2 1 2

8 5 10

O Py, Py
RE 0 0 1
Crossing 2+2 343 3+4
LT/C 10 7 9
LT/O 1+2 2+1 2+1
RT 2 1 1

19 17 21

O | Py
RE 2+1 1+0 2+1
Crossing 0 0 0
LT/C 342 2+1 2+1
LT/O 1 1 1
RT 1 1 1

10 6 8

o Pso Py
RE 1 0 1
Crossing 8+4+1 443+1 6+3+1
LT/C 1 1 1

15 9 12

* by approach

CONCLUSIONS AND FURTHER RESEARCH

To gain credibility for application traffic conflicts need to provide a
quantitative, observable measure of the
ex and multi-dimensional onment,
s to control the vehicle on the
a s
a
e
. n
a driver behaviour context; the pro ity and consequences of a hazardous event
(Kalbfleisch, Lawless and MacKay, 1 ).
sa t S.
ant p va
of e h;

measure appears to replicate, with some
traffic conflict behaviour. However, the
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study has pointed to several areas of further research. Firstly, the severity definition
used is specific to the field procedure, and this constrains the wider evaluation of the
model. A larger inventory of conflict studies, using ime def on, is
needed. Secondly, more research is neejed to co the al li ge of
traffic conflicts to safety and risk. The model simulates conflicts (as defined here)
and cannot be evaluated against accident statistics. The authors are reasonably
confident that the time proximity definition of traffic conflict will prove to be a
measure of driver risk, but to date, this contention is still tentative. Lastly, simulation

has e sa
be d b en
and r [

computer simulation will prove useful for road safety evaluation.
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Figure 1. Concept of Traffic Conflict, Showing Time-to-collision (TTC), Critical Event

(t;) and Minimum Time-to-collision (t,).
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Figure 3. Braking Strategy for 12 Male Subjects in Closed Course Experimental
Conditions (Source: van der Horst and Brown, 1989).
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Figure 4. Two Hypotheses of Driver Braking Strategy (Source: van der Horst and
Brown, 1989).

282



Nicholas W. MARLER University of Leeds
Hadi S. LEGOWO Institute for Transport Studies
Leeds, Great Britain

A BILITY OF ROAD Cc ICT S
IN IND

Driver behaviour in Indonesian cities is fundamentally different from that in Europe,
c
d
t
approaches and vehicles force their way into or across the "major road" flow
ists. Though vehicle speeds are generally
ear to increase the probability of accidents
by the variation in speed and performance
wered trishaws and push-carts as well as
by small public transport vehicles adds

Such conditions give rise to conflicts and it can be expected that studies of these

I could help tr engineers improve on design ge
I s to modify and rce traffic rules. The ial value of c is
further inc ed se of the general lack of reliable information on acci
A traffic ¢ ct was carried out in 1990 in Bandung, an Indonesian incial

capital city with a population of around 2 million. The aim of the study was to
identify a suitably simple definition of a traffic conflict and to apply it in field surveys
to determine the extent to which it was both reliable and repeatable. Reliablity was
defined as being good agreement between different independent simultaneous
observers as to the numbers and types of conflict. Repeatability was defined as
agreement between two viewings, separated by several weeks, of the same traffic
events, by individual observers: video recordings were used for this. For conflict
studies to be a useful tool for tra engineers, it was siedered that the hod
should be both reliable and r atable. Four tec ans who had r ved
simultaneous and equal training, counted and classified traffic conflicts in the field at
two signalised and two unsignalised intersections. The generally good agreement
between them and the fact that they were able to reproduce their individual results
after a period of time, indicated that conflict studies can be successfully applied in
Indonesian conditions.
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Ase SVENSSON Lund Institute of Technology
Lund, Sweden

A MORE AUTOMATIC CONFLICT TECHNIQUE WITH IMAGE

PROCESSING
Background
Con ue
and in
en p us |

measure of traffic safety. The Swedish TCT is a quick and valid method to estimate
and prognosticate accident risks in traffic. Our validation studies confirm the
existence of a valid relat ip een ¢ and injury acc S. is for
instance striking resembl be n the ses preceding ac s and
conflicts. We have also produced resuits showing that the TCT is more useful than
available accident data in estimating expected number of accidents, at intersections
with low accident frequencies.

Historically traffic has been equal to making accident analyses. The
information be ext from ¢ ccident data has however some evident
weaknesses. It is very hard to find out anything about the processes preceding the
accident - what caused the accident - to be able to imply the correct measures. If
then only a fraction of all accidents is included in the accident data material, that is if

we only investigate the police r S, | other biases like
different degree of reporting for di cCi ]

Our research in the TCT area has been and is still very extensive. Today we have a
technique b on solid etical pra ut risky beha rin
traffic. The lopment he val ion nationally as as

internationally attention. The work has brought about that we now have access to a
very effective method to describe (qualitative and quantitative) traffic safety probl-
ems at intersections.

Over the years we have used the TCT in many of our projects as a method for safety
evaluation. We have had staff from municipalities and the Swedish Road

at our tr the st

ng those s un a-

in their TCT ry

resource demanding - each location has to be observed during three to five days by
lict obs This is now the S and the dish Tr ortation &

ication rch Board fin lly su t this pro which paper will

focus on, which aims at making the TCT more cost-effective by using image
processing.

In this project we have continued the research and development concerning the TCT.
Our main aim is to start out from the present TCT, automatize certain parts as the
data collection and some steps in the analyses with heip of image processing, to
bring about a more cost-effective technique. In a futures time-scale our ambition is to
further develop and adapt today's TCT towards a completely new TCT that more
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comprehensively uses the possibilities that image processing and computer science
can offer.

De of a conflict

The very first definition of a conflict that was agreed upon in Oslo 1977 (1), had the
following wording;

"A traffic conflict is an observable situation in which two or more road users ap-
proach each other in space and time to such an extent that there is a risk of collision
if their movements remain unchanged.”

Since then different groups of researchers in Europe and North America have con-
tinued to further develop their own TCT's, which has lead to that we today have a
handful of partly different TCT's. In the Swedish TCT we are principally only
interested in the serious conflicts and their relationship to injury accidents. We say
that a serious conflict is a situ which no puts h elf de ately into.
A serious conflict is therefore times refe to as ' an ac nt'. It is a
situation that includes an evasive action, otherwise would the road users have collid-
ed within a certain time-interval.

At the time for the evasive action the conflict observer estimates the distance re-
maining to the collision spot and the speed of the road user. Time-to-accident, the

TA-value, calculated as time remaining to the spot of collision if the road
users had ed with unch d speed and direction. The combination of speed
n de e a e
it is to It e
find S ue fi

resolution), that is, to estimate the TA-value. We have solved this by calculating
continuous TA-values as the road users approach each other.

it even interest to try to preserve this subj e in ion as the TCT
become e autom . The question is however if subj severity can be
measured by physical parameters.

System available today

During the we coo ed d
aiming at pr aP d for ctio f eo
sequence. We count upon being able to t ye

mean time we have developed a semi-manual system that gives us possibilities to
collect coordinates in a small scale. In today's system we have put the video image
on the computer screen. We are using a video recorder with time codes and a serial
interface to the computer so we are able to control the video recorder from the com-
puter. By overlaying the video image with a graphical fo int, figure 1, on the
computer screen controlled by the mouse we can do a quite y data collection.
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Figure 1 Footprint image for the coordinate picking program.

With the knowledge of real ¢ inates i dinates for r reference
points, figure 2, we can trans all im c n into real ¢ inates. We
also use these transfor ions to the size of the footpri it always
has the same size of a c user w er it is in the analysed ence.
Yy s dim in a sequence
ou is a a file with real

er this we use a PC program designed so
ture positions, up to 2.5 seconds in the
eed of all road users and estimates hypo-

> c A

B
Figure 2: Reference points for the coordinate picking program.
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Results of analyses - one

Figure 3 below is an illustrative example of how the information from the conflict
detection program can be analysed and presented. This particular situation is a
conflict between a car and a bicyclist. The bicyclist is exiting a minor road to cross
the major road. The car is driving along the major road. The bicyclist does not seem
to detect the approaching car and continues, quite unaware of the dangerous
situation, the crossing. The car discovers the bicyclist very late and is forced to
brake and swerve to avoid an accident.

The figure shows the behaviour of the car throughout the conflict. The thin line re-
presents the speed of the car estimated in every second image, which is the reason
for the heavy fluctuation. The thicker line is also the speed but here it has been
smoothed with regard to the four previous positions. The dotted line is the estimate
of the TA-value as the car is approaching the bicycle. The car has an approaching
speed of 55 to 60 km/h. This continuity breaks at real-time 2.6 seconds and the
speed starts suddenly to decrease. At this time the car starts the evasive action and
on the right Y-axis the TA-value 1.5 seconds can be read.

In figure 4 the action of the car is illustrated in an ordinary TA-Speed diagram. One
should start reading this diagram from the top right part. This is where the car is
approaching the bicycle with unchanged speed and steadily decreasing TA-value.
When the TA-value has dropped to 1.5 seconds, the situation has turned into a se-
rious conflict and the car starts to decelerate. The rest of the course of events nicely
follows a parallel path to the line that describes the border between serious and not

serious conflicts. -
Speed / TA-value
Car (in the Véxj6 conflict)
100 3
90
80 25
70 @
g SN, ¥ I ) 2 %
€ MW :
15 <
.o N 2
@ g
30 1 l<_'z
20
0 05
0 0
0 05 1 15 2 25 3 35 4 45

realtime (seconds)

— not sm — smooth -&= TA

Figure 3: Conflict between a car and a bicycle. Analyze of the approaching car.
Speed and TA-value with respect to real time.
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Speed / TA-value

Car (in the Vixjs conflict)

Speed (km/h)
o 3 8 8 8 8 838 3 g

0 0.5 1 1.5 2 25 3 35 4 45
TA (seconds)

Figure 4: The same conflict as figure 3. Distribution of speed/TA-value for the car

A future system

i based conflict system may look like.
s of development that we think must

itable for practitioners. First a system for
into different parts concerning various

* tracking, identification and continues registration of the road users position from
a video recorded sequence
* preliminary conflict analysis and selection of potential conflicts

* detailed analysis of selected conflicts

Reaaltin TA—~v lua <=
o.8 1.3

Conrlict

39.5 knsh 1.9 n/st

S.9 kn/h .3 n

- - 1

Figure 5: Automatic detected conflict.
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We assume that a prototype of a PC-card will be available in half a year. This card
will be able to analyse a videotape and produce results that contain vehicle identity
and coordinates for a fix point on the vehicle. With this set of data it will be possible

r ys ect confl B
p pro inferi a
ic ab the !
it t ion phase. Due to the lower ity
of the recorded coordinates, the selected icts will be analysed in aa nd
r
e h

p s
detection phase and manually points out the involved road users and adjusts their
sizes in the first picture of the selected sequence.

The future system can consequently be divided in the following functional parts:

1 trackingsystem, PC-card and software to identify and record the road users’
positions

2 PC-software for selection of potential conflicts

3 PC-card and software for a second registration of the road users positions with a
better resolution

4 PC-software and manual analysis of the selected potential conflicts

The possibility to combine all these parts in one automatic system lies far in the
future. In the short run we see a great in co ing part 2 and
this would be a feasible dev ment of the card we are a at.

By adding the first selection phase into part 1 in the real time system, we will benefit
a lot during the actual recording. We can then design a system that onlyé records the
potential conflicts. This makes longer studies possible since there is no longer any
need for switching tape every three or four hours.

With a system as described above, we think we have a tool that will not only be
useful for our research studies but it will also be possible to put it in the hands of
practitioners. It could be a very feasible and fruitful tool for traffic safety analysis in a
big scale.

REFERENCES

1. I:boézgegli_in?s from the First Workshop on Traffic Conflicts, Oslo Norway, September
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2. The Malmo Study - A calibration of traffic conflict techniques, Leidschendam 1984,
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FFIC C ICT UE
Evaluation Methods and
the s of Local Accident Prognoses
The guideline of the research department for road and traffic (RVS 1.22),
which will be published soon in Austria, standardizes traffic studies. The

standardized registration and evaluation of data will make it possible to draw
comparisons between traffic conflict data and traffic accident data. The registration
of the conflict data ist ex ed in the guideline and has to be carried out by
the means of a standard ct-investigation questionnaire. This ensures the
equal value of all data. Conflict data investigated in this way can easily be registered
on computer and can be processed and evaluated more efficiently.

EVALUATION METHODS ACCORDING TO RVS 1.22

RVS 1.22 di es four groups of evaluation methods. These are very similar to
those of the analysis.

The evaluation methods consist of:
* conflict table
* conflict diagram
* structural analyses
* before-after-studies

All the conflict-related data are summarized in the conflict table, which serves as a

basis for structural an and for the repre ion of the flict di m.
Structural analyses are ations according to ular examin n aspe as
for ple of the day, days of week, etc. The conflict ram is the
gra rep tation of the traffic ¢ cts in the form of a situa sketch. By

that means accumulations of similar conflicts can better be illustrated. By the means
of before-after-studies chronologically diffe conflict registrations are compared in
order to examine changes in the conflict ha ing of a location.

TYPES OF CONFLICTS

Owing to the standarization of traffic conflict studies and their adjustment to
accident studies according to RVS 1.21, traffic conflicts and traffic accidents can be
contrasted.

By adjusting types of conflict to types of accident direct comparisons are possible.

There are 10 main groups of conflict types including altogether 112 subordinate
types.
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* Main conflict-type group O: Conflicts involving only one person
conflicts based on agreement, etc.)

* Main conflict-type group 1: Conflicts in the respective direction of traffic
(conflicts involving change of lane, front-end
collision, pa etc.)

* Main conflict-type group 2: Conflicts rning on-coming traffic

| front collision)

* Main conflict-type group 3: | at turning - same direction (traffic
turning right, traffic turning

* Main conflict-type group 4: Conflicts at turning - site direction
(conflicts concerning left-turning vehicles, etc.)

* Main conflict-type group 5: Rectangular conflicts at intersections while

ng (stra running v les)

* Main conflict-type group 6: ngular licts at rsections while
turning-in

* Main conflict-type group 7: Conflicts i stopping or parking veh

* Main conflict-type group 8: Conflicts pedestrians (from the
and the left, at intersections, in street blocks,
etc.)

* Main conflict-type group 9: Conflicts on exit/entrance roads from/to

parking lots, petrolstations, houses or plots.

LOCAL ACCIDENT PROGNOSES

Possible connections between the conflict and accident happenings were examined
at altogether nine intersections (7 in Vienna, 1 in Graz and 1 in Leoben). During the
first phase of registration three-hour conflict observations were carried out at each
intersection. The timing of the observation was determined by the hours when most
accidents could be expected. Table 1 shows a comparison between the accident and
conflict happenings.

The intersections printed in italic letters are equipped with flash signal installations.
The remaining intersections are regulated by right-of-way determinations.

At those intersections regulated by right-of-way rules, 5 - 7 conflicts per intersection
were registered during the three- erva . ng the observation
period 1 - 5 traffic conflicts were r att i ections ted by flash
signals. Consequently, there occur fewer conflicts at intersections regulated by
signals than at those not regulated at all. This can be explained by the limited
number of interactions, as the individual traffic flows at signal-regulated intersections
are directed temporally separate, which leads to the reduction of conflict aspects.

Tab.1: Comparison: accident and conflict happening

UNFALLE KONFLIKTE
KREUZUNG Anzahl Ur;l;ille Ze Anzahl
PSU Jahr (St

Wien: Vorgartenstrafie/Stromstrafie 42 18 5.14 3 5
Wien: Brigittenauer L./Friedensbr./Wallensteinstr. 48 27 6.75 3 1
Wien: Peter Jordan-Strafle/Cottagegasse 48 9 2.25 3 6
Wien: Lidlg./Richthausenstr./Roggendorfe./Watls. 48 16 4.00 3 5
Wien: Hofferplatz/Kirchstetterng./Thaliastr. 48 12 3.00 3 3
Wien: Alserbachstr./Spittelauer Lande/Friedensbr. 60 36 7.20 3 3
Wien: Gumpendorferstr./Mariahilfer Giirte! 48 39 9,75 3 4
Graz: Alte Poststr./Koflacher Gasse/Eckertstr 36 14 4.66 3 7
Leoben: Tivolikreuzung 36 34 11.3 3 2
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Furthermore, the frequencies of conflict types and types were con red
ted intersections for

nd non-sig
ns of the study, a positive accordance

es in the respective collis

acc nt
stered as well as the occur

con ts
g corresp re y well to that of

d by right ay

KN: 226 069

Cotlagegossg

ONR.40 ONRL3E

[

Peter—Jordan~Strafle

ONR 33 ONR 34

ONR: 37 ONR 35

ONR.61
ONR,74

Stand:
010180 - 3117 Y

Jordan-StralRe/Cottagegasse, 1989/01/01 to

Fig.1:  Collision diagram: Peter

1991/12/31.
KN:226 069 ® 4
- 2
ONR 40 OKR 38 ONR.36 O:R 34
Peler-Jordan-Sirafie
ONR 33 ONR 3

ONR: 37 ONR 35

ONR 61

ONR 24

STAND:
194.1993 14:35 bis 17:35
KN 226 069

Fig.2:  Conflict diagram: Peter-Jordan-StraRe/Cottagegasse, on April 19th, 1993,
14.35 - 17.35h.
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At intersections regulated by signals, however, the results are different. At several
intersections similar conflicts are observed, which also occur as accidents qnd
accumulations of accident types. Other locations, however, show no corresponding

tendency between the conflict and the accident happenings (Fig.3 and Fig.4).

KN: 298 125
8\ /2
7— —3
N
5
o o 122
o !
. 03
03

1 o

L

137

[+1]
(A
o o
03 2
STAND: 5 Kinde,y, .
01.01.87 - 31.10.92 § " Srfreibog
Fig.3: Collision diagram Hofferpl.Thaliastr./Kirchstetterng., 1987/01/01
1992/10/31
KN: 298 125 !
u a\ /2
— —3
RN
6 .
5
N
STAND: g .
21 4.1993 9:00 bis 12:00 & "dertr; :
o bog ; A
KN 298 125 x I remereed

1993,

Hofferpl.Thaliastr./Kirchstetterng. on April 4th,

Fig.4: Conflict diagram:
19.00 - 12.00h
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As these examples show, the traffic conflict types observed at one location need not
necessarily be identical with the accident types. This leads to the following
application areas for traffic conflict studies:

* C S
* A d)
* A

* \

*

Assessment of the safety quality for particular road users

ent prognostication on the basis of traffic
rginal conditions, on the other hand, it
rence of particular accident and conflict

t of 1 in

n na ), rly

e 70 (o] | a
e observed ra rarely 5). The
a similar distr on of ents as

It is only main group 4 which stands out

L E G
Graz und Wien 1992

50 [:] Graz

45 Wien

10 29,1 29,0

25,5
95 241 229

Prozent

15 139
10 78 95 93
49 60

5 26 35 24 28 28 39

0 1 2 3 4 5u.6 7 8 9
Obergruppen

Fig.5:  Main accident-type groups: Graz and Vienna 1992
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FALLE - FL E
Vergleich der untersuchten Ortlichkeiten

50 413 Unfalle
45 Konflikte
40

35 327

30 217

25

20 166 175

15

10

Prozent

0 1 2 3 4 5u.6 7 8 9
Obergruppen

Fig.6: Main accident and conflict-type groups of the intersections studied

Aithough no significant spot-test was available in this first examination phase, it can
be supposed that generally, it will not be possible to draw conclusions with regard to

th ident pening, respect vy even to ct ac gen y on the

of lict o vations. For pa ular applic s, ho the flict tech
erred cciden s on of servation
as n sarily typica sh ading to
bere t oralo onflict es a general

replacement for accident analyses.
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RVS 1.22 -G RULES FOR FFIC CONFLICT
UE OF (AUS N) RCH SOCIETY FOR
FFIC AND ROAD SYS

I
for a systematic accident research. In addition to that a seperate chapter contains a

check list for the systematic examination o projects. This check list is designed
to make a considerable contribution to the ion of accidents on a medium - term
basis by means of conducting correct road safety studies.

of t

Ho it

imp t

eneral.

The RVS 1.22, whose draft is now available for Austria, presents the latest guideline
on the organisation of road safety studies.

It is of particular importance that the facts presented in the guideline are expert

0O on by experts, d safety s and
p ho line ed in coope on with re ives of
vV us erts al Ministry, psychologists, road accident
experts, and civil engineers.
s the n f also
nions. , a and
ty ma by road
gu ine on conflict studies is to be applied to the entire road system. This
ns tthe g ine is intended to be used in urban traffic as well as on country
S.
res is very similar to the for accident research.
eral lict types of the same featuring ten different
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Group 0: Conflicts with only one participant (single conflict)

Group 1: Conflicts associated with flow of traffic in one direction (passing
manoeuvre, rear-end collision)

Group 2: Conflicts associated with oncoming traffic (head - on collision, leaving the
road)

Group 3: Conflicts associated with making turns and turning around in one direction
(right - turn, left - turn, U-turn)

Group 4: Conflicts associated with making turns and turning around in the opposite
direction (left - turn conflict)

Group 5: Right - angled conflicts associated with crossing intersections

Group 6: Right - angled conflicts associated with turns at intersections (right - turn,
left - turn)

Group 7: Conflicts associated with stopping or parking vehicles (opening doors

Group 8: Conflicts with pedestrians (pedestrians from the right, pedestrians from the
left, pedestrians moving in the direction of the vehicle)

Group 9: Conflicts associated with acces and exit roads of parking lots, gas
stations, private property, and driveways.

Like the recording of road dents the recording of conflicts also al the
conclusion that within the of traffic human and t cal limits are und edly
reached and exceeded.

Th c lict i of local lack of safety. By
co ct ies relevant insufficiencies
an n w n of roads and the way of driving can be
pointed out. Road ¢ t eng ring is therefore an important additional research
method for local acc resea

ing 1, the fo g areas of use are planned:

1. ional inf ion on road segments with increased frequency of accidents
2. Use in danger zones (areas of increased risk of accidents)

3. Analysis of the quality of safety of a road system

4. Examination of effectiveness of a taken measure

5. Analysis of the quality of safety for selected road - users

To resolve these conflicts the same measures as in the reconstruction of scenes of
accidents are to be taken. A reduction of road conflicts can be achieved by taking
road engineering and road constru measures as well as traffic controlling
measures according to the particular conflict.
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Basically the following types of conduct and their consequences can be identified:

1. Normal conduct
Normal ct be d as a problem-free se nce of movements without
any roa b restri as well as a conflict- interaction between road-
users approaching other, w res a coord ion of actions to ensure
safety. Every situati n be mas out any dan and/or conflict.
2. Incorrect conduct
n rect uct any concrete
u r pro atic ions. Traffic -

rs, which may lead to dangerous actions
the road - users (such as discrepancies

3. Road conflicts

in is  her absolutely necessary to
d o] which a slight variation of
le lis
4. Accidents
An -acci is the result of a ict situation in which a collision can not be
avoided use one or more roa r(s) react too late or do not react at all.
Unfiille

Verkehrskonflikte

Fehlverh Iten

Normalverh tten

Diagram 1: General diagram of conduct and consequences in traffic
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The road conflict management described in the RVS 1.22 is to be used in connection
with correct conduct with resulting conflicts as well as in connection with the
violation of traffic regulations without resulting conflicts.

Observable characteristics of conflicts are direction and changes of direction (abrupt
change of direction, abrupt deviation, abrupt correcting manoeuvre, abrupt getting
into lane, etc.), speed and changes of speed (changes of the way of driving by
strong deceleration or acceleration, abrupt breaking, increasing acceleration, etc.) as
well as movements of pedestrians and changes of movements (traffic- related abrupt
change of movement or direction, sudden stopping or running of pedestrians, etc.).

Causes of road conflicts

The following causes of road conflicts can be identified:

Lack of relevant information, relevant information that was recognized too late or not
at all, incorrectly interpreted information, lack of abilities, incorrect expectations
concerning the conduct of others, misguidance or deception, intentional actions and
technical insufficiencies.

The selection of relevant information depends upon the objective offer of
information, the selected subjective information and on the individual's ability to
translate the given information into action.

objektives Informations-

Informations-
angebot aufnahme
oder Informations-
des Bewe- auswahl
gungszu-
subjektive
Handlung Information
Umsetzung

Diagram 2: Sequence of information

The objective offer of information is influenced by the traffic area and the
surroundings, the individual state of motion, other road - users and additional factors
such as brightness, weather conditions and environmental influences.
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Conflict observation

Conflict observations are conducted to establish conflict analyses based on the
recording of conflicts. The collected data distinguishes bet ng and
conflict-related data, which - after an exact definition of the of and
data collection - reveals comprehensible information on road conflicts.

Therefore, the RVS 1.22 includes exact samples of data collection sheets, which

pr the b the corres ing analysis. Important additional mation
re to the ion of the dual conflict such as incorrect con which
I f traffic reg ons etc.), subjective
' mation and o vable additional action

u c or optical signals is recorded.

Road conflict statistics, analyses and evaluation

ses in the form of a conflict e, that
conflict, state of the road, -users,.
entary actions and directions. The gr c
conflict diagram, which shows the d
arly designed diagram.

KONFL KT-

COTTAGEGASSE
D AGRAMM
KN: 226 069 z
s
g
03
[1<]
PETER JORDAN PETER JORDAN
STRASSE 03 STRASSE
Galllle
STAND:
COTTAGEGASSE 19.4.1993 14:35 bis 17:35
Diagram 3: Conflict diagram
to dual road-user a distinction must be
vio nal action, lack of information (uncer

siv
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A structural analysis provides a detailed listing and order according to defined study
goals. This form of classification allows a detailed analysis of problem areas at
particular times and with particular traffic circumstances (cf. studies concerning
safety on the way to school, pedestrian crossings after a theatre-performance, etc.).

The RVS 1.22 also provides for a comparison of road conflict observations under
similar conditions with regard to previous and later studies. This includes a
comparison of respective road conflicts with each other - in a general sense and
according to the distinction of groups - for the entire period of observation, but also
for the limited period of one hour.

Road conflict studies

conflict studies can be ted by taking into account rel t data
as traffic types and co on of traffic, relevance of c ing of
traffic, mearuring of time-gaps, measur , info n on traffic regu n
and many other aspects. In this t the en data rning the surroun S

of a road segment including the course of a road, the marking, the roadway, the
lighting, and the arrangement of road signs is of great importance to road conflict
studies.

Based on this data, conclusions can be drawn from the entire road conflict study.

The road conflict study is part of a result within the structural analysis of a road
safety study. All the conclusions drawn from the road conflict study are included in
the road safety report.

The road conflict study reveals part of the lack of safety on a local scale, which
makes it possible to point out insufficiencies in road engineering, road construction
and in the way of driving. According to the RVS 1.21 it is possible to reveal
considerable insufficiencies and their causes based on the road conflict study
combined with other records and analyses in accordance with the road conflict
study. The results of the road conflict study have to be included as a basis for
regevelopment suggestions into the report on road safety study as stated in RVS
1.21.

Other aspects related to road conflict studies
Time of recording data and duration as an important n of reliability

Based on previous studies it can be assumed that the reliability of the results of a
total recording period of eight hours is generally sufficient. The total duration of data
recording needs to be seen in direct connection with the local situation, the
frequency and the kind of accident types in the volume of traffic etc. If necessary
the time span of data recording can be prolonged and/or it can be reduced if conflicts
of the. same type occur in short periods of time. However, there is a general
minimum time limit of two hours for data recording.
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A nal technical information on road conflicts

By using video recording and other technical supplies in road conflict management,
additional details on road conflicts can be collected.

Based on the i tion concerning avoided collisions, changes in speed or direction
as well as the moment of reaction « an be defined by time-way-analyses. This
method observes the speed of vehicles and pedestrians within a measured road
segment for a defined period of time. Random speed checks support the method and
help verify the results.

By reconstructing the road conflict - especially the moment of reaction - it is possible
to define the incorrect conduct of road - users and to point out definitive
insufficiencies of the road construction and the way of driving.

Summary

In the RVS 1.22 the entire field of road conflict study is exactly defined and
standardized. The RVS 1.22 is therefore an important device for the description of
of safety. It also des the possibility to quantify the risk of accidents in
er s, where an ased risk can be proved without actual accidents
occuring.

All future concepts concerning road ment have to int ount acci
studies and - especially for areas of d risk of acci -a conflict s
must be conducted. Only after the elimination of possible lack of road safety in the
concept it can be assumed that the new concept avoids previous insufficiencies of
road construction and provides actual improvement for the flow of traffic.

fore, the conflict study RVS 1.22 provides an extraordinarily important
for the pr ion of road accidents i nd lack of safety on the road.
t— st d- cially f of r a a road
study co ed. On he n s of road
n the it be ass at c revious

insufficiencies of road construction and provides actual improvement for the flow of
traffic.
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Lingyun ZHANG Delegation of Preparatory Committee

Qiman ZHANG on Chinese Road Safety Academy
Youming BAI Huhot, China
Wen NI

Mr.Chairman, Ladies and Gentlemen,

It is a great pleasure to attend this conference on behalf of the Preparatory
ad
of t f
we i

the special characteristics of road accidents in China.

1. A brief survey of road accidents in China in recent years

In China the of preve and decreasing traffic ents has s had a
great deal of rtance a ed to it by the gover . The go ent has
formulated a general y of "S vy first, n ' and has outlined a
series of specific pol . The t ¢ admi d ments of the public
s hav ys ion asap of

rece rs, he of the list

the ro s h by 15 SO

every year and the volume of traffic has increased proportionately. Not surprisingly,
road accidents have been increasing as well.

In 1990, there were more than 250.000 road accidents throughout China, and nearly
50.000 people died in traffic accidents in that same year, and more than 155.000
injuries were reported. In 1991, there were nearly 265.000 road accidents which
resulted in more than 53.000 deaths and 162.000 injuries. These figures reflect a
5,8% increase in accidents, an 8,16% increase in fatalities, and a 4,7% increase in
injuries from 1990 to 1991. In 1992, although the numbers of accidents and injuries
decreaged somewhat, the fatality rate went up again by 10,2%. The fatality is -still
increasing.

2. The main pec of Chinese road accidents

Because onal d sa ry great in China, and due to heer size of the
country the m traffic situation, merely loo at the fatality
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standing at 31.3. Within China, there are dramatic regional differences in the death
rate. Beijing at 8,6 deaths per 10.000 vehicles, and Inner Mongolia at 9,7 stand at
the low end of the trum, Jia Province has 78 per 10. . Guan ng
Province, with 178. squar 55 km of roads, and more 2,43 on
vehicles, had 5.509 deaths and a death rate of 22,63 per 10.000 vehicles. Ningxia
Huizu Antonomous Region, on the other hand, has 66.000 square km of land, 8.000
km of roads, and 160.000 vehicles, had 412 fatalities for a mortality rate per 10.000
of 24,7. Inner Mongolia and Shanghai have seen a continous decrease in the
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absolute number of deaths over the last five years, despite the numbers rising in all
other parts of the country. The reasons for these differences are as follows:

A. There are large differences in the vehicles, traffic volume, and road grade

ughout ntry, ing er e of
dents. C a lan a of i nd road
age is 1 on kil ers fis cond

class highways only represent 5,568% of the total, while fourth class and off class
highways represent nearly 80%. But also China's highways, irrespective of class, are
universally lacking in safety measures.

In 1992, there were 160 deaths due to road factors, an increase of 25% over 1991.

To summarize, there are few highways, the classes of those that do exist are low,
and safety measures are lacking in all of them.

B. The second reason for the great regional disparities in road accidents, death and
injury numbers and rates is the unique mixture of traffic on China's roads today.
Non-motor vehicle traffic rates are very high, and these vehicles create serious
interference with motor vehicle traffic, producing high accident rates.

At the end of 1992, there were almost 20 million vehicles in China, which included
only 6,9 million s, 5,3 trans  tation rs, and 1,2 million
motorcycles and of mot nveh s. Tra with these vehicles
on China's urban and rural roads are more than 400 million bicycles.

The combination of poor road conditions and mixed traffic including automobiles,
tractors, motorcycles, bicycles, animal-drawn vehicle and on many roads pedestrians
results in a serious disturbance of automobile safety. This situation is reflected in the
statistics. In 1992, deaths caused by accidents which were the responsibility and
fault of bicycle riders and pedestrians were more than 13.000, represanting 22,4%
of the total number of road accident deaths that year.

C. A third reason for regional differences is the high percent-age of mountainous
areas in China. In addition, moun ranges cr with hills than
plains. Road conditions in some ons of ipi graphy extremely
poor, and accidents caused by passenger automobiles in these areas are, not
surprisingly, increasing.

Roads in these mountainous regions of China are also unsuitable for long-distance
passenger transport vehicles. In addition, the technical condition of many long-
distance buses and vehicles is inferior. Accidents are increasing, with one accident
killing ten to thirty people at a time, and in some cases as many as fifty to sixty
people. In remote regions, these numbers are shown a tendency to rise.

D. The fourth characteristic of the traffic and safety situation in China relates to the
drivers themselves. There is a low consciousness of abiding by the law, professional
ethics are inferior, and driving skills are below par. As a result, accidents related to
driver negligence make up a large proportion of all accidents in China.

In recent years, driver training has progressively become more standardized in driving
schools in China. But because the demand for drivers has been rising rapidly, there
are still some trained drivers whose performance, sense of legality, and technical
ability are inferior. These drivers often ignore safety and create accidents. In 1992,
there were more than 33.000 cases of accidents directly related to driver fault which
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caused more than 38.000 fatalities. This figure represents more than 65% of the
total fatality rate on China's roads.

3. Some maine countermeasures

By analyzing the characteristics of road accidents in China, and by taking note of the

continuously rising rates of accidents in the country, we have developed a series of

countermeasures. These countermeasures are designed to keep pace with the
ning of the reform and the rapid lopment of ec mic construction in
and we are in the process of perfe them step by s

A. As the mixed traffic situation cannot be changed in a short time, we have decided

e throu ious side S
in deve t of high n
e . The side ct hi S
highways in a planned way and to transform and administer the highways which are
pro to accidents, as as improving traffic safety facilities. ilization of
ent iasm for these pr ts in various regions on China is ess for these

pro s.
B. It is also necessary to strengthen the administration of the vehicles, and to
manage the drivers, especially passenger vehicle drivers, strictly.

One aspect of vehicle administration is to try to furnish the bicycles with separate
roads isolated from motor vehicle traffic. In addition, non-motor vehicles must be

. a rdi rs,
r e og to
. a t he
professional e and the sense of legality of Chinese drivers. Lastly, passenger
vehicles will b inistered even more strictly, and annual and quarterly inspections

are being maintained as preventative measures against unsafe vehicles being on the
roads.

n e

S k

e e

governments at different levels that the work of accident prevention can become a

reality. Comprehensive administration with Chinese characteristics, and full

cooperation from the whole of society is being promoted in order to put the
ons and s of varding traffic order and safety first in China,
to f n pre mea

D. The final countermeasure being introduced is strengthening the legal system with
respect to traffic, propagande, and education. In order to prevent and decrease
traffic accidents, we must normalize the traffic behaviour of the people by sientific
and unified traffic rules. We intend to achieve compliance with the slogan "There are
laws to abide, so the laws must be abided; Enforce law strictly, and punish unlawful
practice”. In the mea it is necessary to ly influence public nion and
public consciousness importance of co with traffic rules, on their
ability to provide their own selfdefense.

Mr.Chairman of the Congress, ladies and gentlemen, China is a developing country.

The increase of road accidents has become of greater and greater importance to the
government. In order to prevent and decrease road accidents, we will make
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unremitting efforts to find countermeasures and to try to decrease fatalities and
injuries on China's roads, in order to helpserve the establishment and development of
China's socialist market economy. In the meantime, we are open to learn from the
experience, advanced technology, and safety measures of all the countries
represented here today. We look forward to receiving the expert opinions and
comments which you may have on our work.

Thank you.
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Ralf RISSER Fa.Factum
Vienna, Austria

IN LER FUR DIE
TSEVALUIERUNG VON YS
IKTE UND A SSE

Wie jedes Jahr hat ICTCT auch 1993 - diesmal unter der Regie des Kuratorium fiir

ich t, Lande le Sal g - einen jahrlichen Workshop abgehalten.
p" mt fur d Jahr r nicht ganz, denn es war ein KongreR, im
en mehre ps usdehn
on Be hat le: chung,
M von | un reich -

Landes- und Bundesebene sollten zur Teilnahme eingeladen werden. Mit der tiblichen
WorkshopgréBe von 30-40 Personen konnte man daher nicht mehr das Auslangen
finden.

Far ICTCT-Workshops hat bisher rell ge : Die Prasentationen sind sehr
het en. Die Klammer, die die dge u wird durch die Diskussion
geschaffen, welche traditionell einen vorrangigen Platz einnimmt. Diesmal - 1993 in
S rg - waren die Beitrdge weniger heter , obwohl die der Beitrdge
g als Ublich war. Wéhrend normalerweise einem eher all in gehaltenen
langen gefunden war die fur vier Ha referate eine
von vornherein nt und von den trégen auch
r
1 man staatl r Ebene gen kann,
sprich: welche gesetzlichen und formalen Ran ingun zu scha sind, um
bezii In
in der aft
legend ich c
einen Uberblick da r eben, unterschi en Arten von Ausr g
sich derzeit in welc S um de klung und Implementation bef

Der Aspekt der Verkehrssicherheit wurde in weiterer Folge unter den vielen
Anforderungen, die Verkehr erfiillen soll, speziell hervorgehoben. Dies nicht zuletzt
deshalb, weil viele der Methoden, mit denen sich die Mitglieder von ICTCT befassen,
an Sicherheitsfragestellungen orientiert sind. Das dritte Hauptreferat befaRte sich
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folgerich  auch mit Méglich enund gr Unfallanalyse: Siem OPPE
vom ni rlandischen Inst far liche Untersuchung der
Verkehrssicherheit (SWOV) gab dazu einen ausfiihrlichen Uberblick.

Und schlieRlich befaRBte sich Farida SAAD von der franzosischen Verkehrs-
sicherheitsorganisation INRETS mit Verkehrskonflikten und anderen Formen der

h u u a i r

n ei h .

k V e i t
werden gerne als Komplemente zur Unfallanalyse angesehen.

Hier sei noch erwéhnt, daR viele ten neigen, Verke fliktana als

Verhaltensanalysen anzusehen: n technisch d e Asp im

Mittelpunkt der Erhebungen stehen (TTC, evasive action, usw.) so ist es doch bereits

Sta d, daR bei Verk onflikter gen beschri n wird - frei, mit eigenen

Wo - was denn Verkeh likt an Ve ten bzw. an Interaktion

vorausgegangen sei. Diese Erhebungen flieBen in die Berichtlegung nach
Verkehrskonfiiktanalysen immer mit ein. Die Verkehrskonflikttechnik wird daher im
folgenden auch ab und zu unter dem Begriff der Verhaltensanalyse (zumindest im
weiteren Sinn) subsumiert werden.

Verhaltensanalysen sind Methoden, die einen besseren Einblick in Verhalten und
Interaktion der Verkehrsteilnehmer zulassen, als Unfallanalysen. Und wenn auch der,
oft verlangte, rechnerische Bezug zu Unfallanalysedaten - im Sinne einer Validitat -
fehlt, so stellen sie doch die Methoden der Zukunft dar: Weil sie eher Schritte in die
Richtung der Definition eines wiinschenswerten Verkehrs zulassen, als Unfalldaten.
Letztere sind nicht reliabel (die Erhebung vor allem leichterer Unfélle funktioniert nicht
verlaRlich), sie informieren Uber die Faktizitdt von etwas, was man eigentlich hatte
verhindern wollen, und sie geben zu wenig Auskunft tGber die menschlichen Ursachen
der Verkehrsunfalle.

Damit soll keineswegs gesagt werden, daR Unfallanalysen nutzlos sind. Vielmehr soll
unterstrichen werden, daR Verkehrssicherheitsarbeit darin bestehen solite,
herauszufinden, wie man Unfélle vermeiden kann. Und dazu braucht man - neben
dem Widerspruch, daR man das zu vermeidende Ereignis in Datenb&nken als
Analysematerial sammelt - mehr Information darliber, was die Verkehrsteilnehmer

sie i u etc. ber d
ler da von
en. r r s u.a neu

Kuratorium fiir Verkehrssicherheit reflektiert - z.B. in der Kooperation mit der
Forschungsgeselischaft fiir das Verkehrs- und StraBenwesen bei der Entwicklung
neuer RVS (Richtlinien und Vorschriften fir den StraBenbau).

Die Gruppenarbeiten soliten den Leitgedanken aus den Hauptreferaten folgen, wobei
der Aspekt "(neuere) Verkehrssysteme" als horizontales Thema geplant war: als

ei , welches in allen sgr n sozusagen " cht". Die fir die
A  tsgruppen nahmen da doch weniger : Die Arb en fast
ausschlieBlich eher grundsétzlicher Natur. Das widerspricht aber nicht dem
nken, daR das h usammengetragene -how mit igen Pro en
fur die Ev ung n Ausriistung im Stra rkehr ein n kann - in

seinen prospektiven Formen: Denn auf der Basis von Unfallanalysen kann man
schwerlich Vorhersagen treffen, vor allem dann, wenn sich das Verkehrssystem
g e d ndert. Letzteres ist, angesichts des derzeit vor sich gehenden
T o es s, aber sehr wahrscheinlich.

Die Themen "Soz r

Uberlegungen zu r n
analysen andererseits - wurden in mehrer
gewahlt:
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In der Arbeits e A wurde estellt und disku wie man denn zu Kriterien
fur einen an Ischaftlich ptierten Werten an sozialer Vertraglichkeit
orientierten Verkehr gelangen ké . "westlichen" weise allen mit
dem Kfz im Zentrum sollten Pe k aus Afrika gengestellt Der
gréRte Teil des Transp erfolgt z.B. in robi/Kenya zu FuR. Dort wird es
besonders deutlich sich wie sehr autoo  tierte Strukturen - und solche zu
entwickeln hat man auch dort versucht - sowohl den Komfort und die Leichtigkeit
des Gehens, als auch die Sicherheit der Gehenden nachhaltig beeintrichtigen. Das
kann man jed Is aus den gelief Abstracts schlieBen. (Die Kollegen aus Afrika
konnten die ise nicht selber hlen und in Osterreich konnten dafliir keine
Sponsoren gefunden werden.)

In der Gruppe D wurden verschiedene Méglichkeiten fiir die Anwendungen
verschiedener Formen der Verhaltensanalyse prasentiert und diskutiert. Als sehr

c
p
e r
(versch wegungsarten) und GréRenordnung. Ein interessanter
Gesicht in der Diskussion I nd an eine Prasentation aus den
N D ng de
ei el t It.
N la zu en
Toten und Verletzten flihren - zumindest wéhrend einer Ubergangsfrist. Man
gere ne e S i
c g, hin n e p
n Kons n d p r

Die Arbeitsgruppen B, C und E befaRten sich ausfiihrlich mit Theorien und Methoden
von auf Verhaltens- und Interaktionsstudien basierenden Sicherheitsanalysen. Viele
interessante Probleme sind an Verhaltensanalysen gekniipft. Zwei davon, die in den
Diskussionen auftauchten, méchte ich kurz ansprechend:

1) Man versucht, zu einer objektiven Definition (und daraus folgender ldentifikation)
von Fehlern im Fa zu gelangen. Dabei Ubersieht man jedoch, daB ein
gewaltiger Teil des der Verkehrsteilnehmer aus Uberlegungen, Konzepten,
Motiven und Einstellungen besteht. Sie alle kénnen z.B. die Aufmerksamkeit
beeinflussen, mit der man an eine Sache herangeht. Sie alle kénnen auch damit
einhergehen, daB der Verkehrsteilnehmer gewisse Details in einer Situation
diskriminativ erfalt, die das Gesamtverhalten im Endeffekt zu einem sicheren
Verhalten machen. Sie alle entziehen sich aber auch einer objektiven Analyse,
g wie die Gesamt diskriminativen Stimuli die man sich im
S erkehr vorstellen denke z.B. an den Aspekt, daR ein
Verkehrsteilnehmer andere Verkehrsteilnehmer sieht/beobachtet und aus ihren
Blickverhalten, Bewegungen etc. Schliisse zieht). Das Verhalten der
Verkehrsteilnehmer im qualitativen Sinn besser zu verstehen wiére wichtig. Solches

Uhen ber ha als "nicht objektiv" abgetan. Letzteres leitet iiber zum
ten a hiten " ressanten Problem" (s.o0.):
2) Er issen von Untersuchun uf der Basis von Verhaltensanalysen wird
abver , Sie muBRten - am Unfa iun - valide sein. Will man aber rechnerisch
Validitédt nachweisen, so muR die Kriteriumsvariable in reliabler Form erfaRbar sein.
e Anforder ist fir Unfalldaten sehr oft nicht erfillt (s.0.). Und will
iditat" als reinstimmung von Prozessen verstehen, dann miRte man

besser Uber das Unfallkriterium Bescheid wissen, als wir das tun: Wir wissen, mit
unterschiedlichsten Unfalldaten in der Hand, daR® etwas passiert ist. Aber wir wissen
nicht, was in den Verkehrsteilnehmern vor dem Unfall vorgegangen ist, allenfalls als
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Rekonstruktion der Aussagen Beteiligter und Zeugen. Die rein mechanischen
Schwichen solcher Rekonstruktionen sind bekannt (z.B.: das Gedachtnis funktioniert
nicht wie ein Videogerdt). Gleichzeitig landet man wieder bei den unter 1)
angesprochenen Problemen der Subjektivitdt. Eine sinnvolle Auswertung von
Unfalldaten wird damit zu einem qualitativen ProzeR.

Somit hat man also gréRte Schwierigkeiten, wenn man mit Hilfe von Beobachtungen
von Verhalten und Interaktionen Phdnomene (seien es Einzelereignisse, seien es
Prozesse) identifizieren will, die objektiv (im Sinn von korrelativ) zu Unféllen fihren.
Und man befindet sich mit diesem Bemiihen mdglicherweise auf dem Holzweg.

Eine Arbeitsgruppe - die Gruppe E - befate sich mit der Erhebung von
Verkehrskonflikten. Der vielversprechendste Ansatz ist hier die Videoanalyse:
Interaktionsprozesse an definierten Stellen kénnen auf Video eingespielt werden. Ein
einprogrammierter  Algorithmus auf Basis von Raum-Zeit-Relationen von
s
n
k
n
nicht ausreichend genug einschétzen, und damit nicht wirklich beurteilen konnten,
wann ein Ereignis "knapp", "gerade noch gutgegangen”, gefdhrlich oder &hnliches
sei.

Auch im Zusa mit der Ver nfl echnik gilt r, da® die Er

als Teil von H nzepten der rst ehmer auf tegischer, ta

und operationaler Ebene zu sehen sind. Diese Konzepte verstdndlich zu machen ist
auch hier das Problem. Solange man "naturwissenschaftliche” Nachweise der
Validitit beobachteter/registrierter Prozesse - auch auf Video raum-zeitlich exakt
registrierter Prozesse - verlangt, verstellt man sich den Weg fir intensiveres Arbeiten
in Richtung Versténdnis der Verkehrsprozesse unter gréRtmdglicher Berlicksichtigung
der Eigenheiten menschlichen Denkens und Handelns.
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