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FOREWORD

Research on the Traffic Conflicts Technique has engaged a
great number of people at the Department during the years.

It all began at the PLANFOR-group, headed by Olof Lovemark,
in the early seventies.

All the efforts made since then have resulted in a working
procedure that enables us, as well as others, to use the
technique in traffic safety evaluation.

The findings presented in this report will hopefully contri-
bute to a better understanding of the concept of conflicts, a
concept that has started an "arousal" with many researchers,
not only those directly involved in the area.

After more than 15 years in this area, I am still eagerly
looking forward to the continued progression of work and the
- integrated discussions.

Financial support to this research is, during the last years,
provided by the Swedish Transport Research Board.

I want to thank Gésta Lindhagen for his guidance and devoted work
during the whole process that finally resulted in this report. Per
Garder, who is one of the old-timers, has also been heavily invol-
ved in reading, commenting and discussing the outcome. Per's wife
Eva assisted me in correcting and improving my English. Karin
Brundell-Freij has provided me with valuable guidance through
tricky parts of the analysis and Arne Hansson also contributed a
lot to the progression.

All my colleagues in the Traffic Safety Group at the Depart-
ment have been heavily involved in all sorts of ways, from the
first moment till the last.

Mia Sinclair, Inger Myhrén, Birgitta Akerud and Anne-Marie
Malmstedt have been doing all the typing. Majvi Magdeburg has
made the drawings, except for the one on the front page which
is made by Hakan Persson.

In addition to those mentioned there are quite a few other persons
who have been involved in one way or the other. I want to thank
everybody, mentioned or not, for invaluable assistance in this
extensive research work.

Finally, I want to thank my dear family, from the youngest (Live)

to the oldest (Ida-Marie). They have all supported me fully
through the entire process.

Christer Hydén
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SUMMARY

This report is presented as an historical review of the deve-
lopmental work that has been going on at the Department of
Traffic Planning and Engineering at Lund University since
1974.

Motives for the need of intermediate measures in safety

evaluation

To start with, I argue for the need for intermediate measures
in safety evaluation. Evaluation of safety, based on acci-
dents only, has a number of disadvantages:

In many applications the accident numbers are so small
that they easily lead to misinterpretations. In order

to increase the numbers, one has to increase the number of
applications or increase the analysis period. Both cases
create problems - the first regarding the generalization
of the results, the second regarding correction for acci-
dent trends over time.

These problems make it very difficult to follow up the ef-
fects of a countermeasure that is introduced, for example.
It is particularly difficult to analyze the development of
the effects over time, which is quite important, as there
are reasons to believe that short-term effects are often
different from long-term ones.

Regression to the mean is another problem linked to the
use of accidents. Selection of entities for treatment, say
intersections, is most often based on the accident his-
tory. This choice is also a natural one, but it creates
problems because in most cases the "occurred number of ac-
cidents" is, due to the biased sampling higher than the
"average expected number of accidents". In a before and
after study it means that the safety effects will be over-
estimated. I have shown in the report how this problem can
be treated theoretically but I also showed that it is much
more difficult to apply these theories to a "real-life"
situation.

Diagnosis based on accidents is one of the main problems
in safety evaluation. Highly qualified data that can be
used for describing the pre-crash phase is only available
through expensive 1n depth studies. This technique is,
therefore, very rarely used for systematic data collec-
tion. The normally available accident information, through
police records, gives very few indications, if any, on the
causes of accidents.

The different problems involved in the use of accident data
are illustrated with a case study: in order to obtain a

larger data-base, the five Nordic countries together evalua-
ted the safety effects of individual signalization of zebra-

XTI
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crossings. All the problems mentioned earlier were still at
hand and operational guidance to the implementors was almost
non-existent.

The conclusion from this first part of the report is that
accident data needs support to ensure a valid and useful
evaluation of safety.

The introduction of indirect safety measures

Indirect safety measures are very logical examples of comple-
ments to accidents. Near-accidents are, for 1nstance, used on
a large scale in such different circumstances as in air
transportatlon and work safety. These two, very different
applications of near-accident studies, indicate clearly that
the same concept should be able to be used in road transpor-
tation as well.

The strong need, expressed by local authorities, for a short-
term evaluatlon of traffic management schemes, led to my
involvement in the development of a Traffic Conflicts Techni-
que (TCT).

Theory behind our Traffic Conflicts Technigque

The basic idea behind our technique can be expressed as
follows:

The interaction between road-users can be described through a
number of elementary events. (flgure S:1). These events occur
with different probablllty and different degree of serious-
ness. One hypothe51s is that serious conflicts are indicators
of a break-down in the interaction between two road-users,
i.e. the perceived accident-potential is so high that at
least one of the road-users would not like to be involved in
the creation of a similar event deliberately.

The basic hypothesis is:

THERE ARE ELEMENTARY EVENTS, DEFINED AS SERIOUS CONFLICTS,
THAT CAN BE CHARACTERIZED AS BREAK-DOWNS IN THE INTERACTION.
THE ACCIDENT POTENTIAL IS THEN WELL-DEFINED, I.E. THERE
EXISTS A RELATIONSHIP BETWEEN THE NUMBER OF SERIOUS CONFLICTS
AND ACCIDENTS.

Two important issues remained before this definition phase
could be considered as finished:

1) Events, as described in figure S:1, had to be classified
with regard to severity.

The threshold level between slight conflicts and serious con-
flicts had to be defined.
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Among a number of candidate definitions of severity we selec-
ted a time based measure. We defined the Time to Accident (TA):

"TIME TO ACCIDENT" IS THE TIME THAT REMAINS TO AN ACCIDENT IN
THE MOMENT WHEN EVASIVE ACTION HAS JUST BEEN STARTED, PRESUP-
POSED THAT THE ROAD-USERS CONTINUED WITH UNCHANGED SPEEDS AND
DIRECTIONS.

Accidents

Serious conflicts
Near accidents

Severe injury
Stight conflicts

Stight injuryy

Potential conflicts

Lundisturbed gassages

FIGURE S:1

our opinion was that the time-margin as such was the best
individual measure for the description of the closeness to an
accident. We also considered the TA-value to be the best
moment on the time-axis to use. This moment gives a "non-
manipulated" indication of how close the road-users were to
an accident before they detected the hazard. This would be
particularly true for serious conflicts where no alternative,
but a quick and harsh action, is at hand.

The threshold between slight conflicts and serious conflicts
was derived from analyses of video-taped conflicts. Time to
Accident values were evaluated and compared with the reaction
and action by road-users. We came fairly quickly to the
conclusion that there seemed to be a rather distinct time
1limit below which no road-user seemed to want to get involved
in a conflict on purpose. This time limit was 1.5 seconds.
We, therefore, selected the following general definition of a

serious conflict:
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A SERIOUS CONFLICT OCCURS WHEN THE TIME TO ACCIDENT IS EQUAL
TO, OR LESS, THAN 1.5 SECONDS.

The definition was generally applicable to all kinds of
conflicts involving at least one motor vehicle, occuring in
urban areas with a speed-limit of 50 km/h or lower.

After some comparisons of video-based recording of conflicts
with human observers in the field, the latter observation
method was selected as being the most flexible and cost-
effective one.

Two major topics remained in order to complete the develop-
ment of the TCT:

1) The reliability of the technique, i.e. how accurate could
human observers be in detecting and scoring conflicts with
regard to the 1.5 seconds-criterion?

2) The validity of the technique, i.e. were these serious
conflicts related to accidents in some way?

These two topics were dealt with for the first time in a
project that ended in 1976.

First generation of tests of observer reliability

The reliability of observers was studied through tests where
a number of observers were recording simultaneously, at the
same location, with simultaneous video-taping. These video-
tapes were evaluated afterwards by a number of experienced
observers whose mean values formed the basis for a comparison
with the groundlevel recording by human observers. Two tests
(5+7 observers, 8+5 serious conflicts to be scored) produced
very similar results. The main conclusions were:

- On the whole, there were very few missed serious conflicts,

)

ranging from 10 % and 14 %

- Very few events were scored as serious conflicts without
being so, on the whole only 4 out of 75 relevant scorings,

)

corresponding to 5 %.

These results combined with others, where observer reliabili-
ty was studied more indirectly, gave us the confidence to
consider the observers "reliable enough" to allow large scale
studies to start.

First generation of validity studies

The first approach to the validation problem was taken in the
years 1974-76. We carried out a pure predict validation, i.e.
we studied to what extent serious conflict numbers could
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predict accident numbers. The following strategy was used:

- Accident and conflict data were collected from altogether
115 intersections. Data about geometrical design, type of
regulation, etc, were also collected.

- Data were grouped in three sub-sets; 50 intersections from
the city of Malmé, 15 intersections from Malmo, and 50
intersections from Stockholm.

- To start with, the Malmé - 50 data was used for a multiple
regression analysis where those variables were identified
that accounted for a noticeable variation in the relation-
ship between serious conflicts and accidents. The following
variables were identified:

* Category of road-user, (car-car, car-bicycle, car-pedest-
rian)

* "Traffic class", (signal - or not signal controlled, low
or high speed situations, in principle, defined by the
average speeds in different flows. A high speed situation
was at hand, for example when at least one of the cars
involved belonged to a flow with a high average speed).

Variables such as "sight distance", "time of the day" and
"islands" did not seem to influence the variation.

- Conversion factors (rn*), i.e. ratios between number of ac-
cidents and number of conflicts, were estimated for
four cells in each of the sub-sets. Confidence limits for
each estimate were also calculated, based on the assumption
that both accidents and conflicts were following Poisson-
distributions.

The three sub-sets were then compared, cell by cell. The
estimates were found to be similar enough to allow a combina-
tion of all three sub-sets. Figure S:2 presents the results
from the final combination of Malmé and Stockholm data.
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FIGURE S2: FINAL CONVERSION FACTORS FOR THE MALMO AND

STOCKHOLM DATA COMBINED.
Evaluation of the original technique and modifications

These conversion factors have been used for almost ten years,
in research as well as for practical applications. Their
ability to predict accident numbers in new situations have
been shown to be satisfactory, even though there seems to be
a systematic overestimation. The usefulness has still been
demonstrated, for instance, in before- and after-studies
where safety effects have been possible to evaluate in the
short-term, thanks to conflict studies. The usefulness of the
technique for diagnostic purposes has also been demonstrated.
There were, however, some drawbacks with the original tech-
nique:

New definition

The definition of a serious conflict had some obvious limi-
tations. The simple 1.5 seconds criterion did, for instan-
ce, not take into account the speeds of the road-users. We
did, come to the conclusion, fairly quickly that the thres-
hold level between serious and non-serious conflicts should
be speed-dependent, in addition to the TA-dependence. (The
higher the speeds, the more severe were the conflicts, given
the same TA-value). Five different alternative definitions of
severity (and serious conflict) were selected for testing.
The five definitions were different regarding their "degree
of speed dependence". Based on the combined results from all
tests (described later under the discussion about valida-
tion), the so called ALT.DEF 2was found to be the most re-
levant definition (see figure S:3).
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FIGURE §S:3 THE OLD AND THE NEW DEFINITION OF A SERIOUS
CONFLICT AND DEFINITION OF SEVERITY.
New generation of reliability studies

The old reliability studies were tentative, in the sense

that there was no objective evaluation of conflicts from

the observers' estimations. An international calibration
study of different conflict techniques, in Malmoé Sweden,
1983, gave an opportunity to compare estimates with objecti-
vely evaluated data. A semi-automatic, video-based, recording
technique developed by IZF-TNO in the Netherlands was used to
produce objective data. This has enabled me to compare speed
and TA-estimations by our observers with the objective evalu-
ation. The average TA-values for our observers showed a 0.05
seconds difference from the objective evaulation. In 50 % of
the conflicts, the observer estimations were within the ob-
jectively evaluated value, + 0.2 seconds. The speed estima-
tions were on average, only 3.0 km/h lower than the objecti-
vely evaluated speeds.

This analysis also showed that our observers missed detecting
20 & - 25 % of the serious conflicts they were supposed to
detect and write down.

These results are very encouraging and support the old stu-
dies. The conclusion is that human observers can detect and
score (estimate TA and speed) without any problems for the
use of the technique from this view-point.

Process validation: A new approach

An alternative to focusing on the predictive validity of
serious conflicts, is to focus on the process validity,

i.e. to compare the processes that lead to accidents and
conflicts respectively. This has, however, created heavy
problems because the information from accident-records about
the pre-crash phase is normally very limited.

Still, I have, in the report, introduced a new approach to
the validity prcblem by comparing the last phase of accidents
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and conflicts, from the moment when one of the road-users
takes evasive action. This is the same moment as when the TA-
value is determined. I collected information about accidents
from the complete police-accident investigation files of
injury-accidents. Data on conflicts were collected from the
earlier mentioned, on-going, project on predictive validity.

The comparison of conflicts and accidents demonstrated simi-
larities. Figure S:4 gives an example where the comparison is
based on a TA-Conflicting Speed evaluation. (Conflicting
Speed is the approach speed, in the moment evasive action
starts of the road-user that stands for the TA-value.)
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Speed Speed
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FIGURE S:4 TIME TO ACCIDENT AND CONFLICTING SPEED FOR ACCI-
DENTS AND CONFLICTS.
Car-bicycle.

We can see from figure S:4 that accidents and conflicts are
very equally distributed with only a slight displacement of
accidents towards lower TA-values and (partly) higher speeds.
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Similar graphs as in figure S:4 are also made for "car-car"
and "car-pedestrian". The three pairs of graphs were used to

compare the five different alternative defintions of severi-
ty, by testing four criteria. The most important ones were:

- conflict severity, i.e. that severity increased with in-
creasing severity zones. (See figure S:2). Conflict severity
was defined as the accident-to-conflict ratio.

- accident severity, i.e. that severity of the accidents in-
creased with increasing severity zones. Accident severity
was defined as the weighed value of total costs for acci-
dents of different severity.

The comparisons indicated very clearly that the ALT.DEF.2 was
the most relevant definition, and it fulfilled all the four
criteria in a quite satisfactory way. It produced severity
distributions, both for conflicts and for accidents, that
were logical and relevant: severity increased continously and
logically.

In a second step of the process validation, evasive actions
in conflicts and accidents were compared. "Braking only" was
by far the most common action, both in conflicts and in
accidents. (79 % and 68 % respectively, on the whole data-
set). "Braking + swerving" was the second most common action
(14 % and 20 % respectively), "swerving only" third (5 % and
10 % respectively). "Accelerating" was the least common ac-

tion with 2 % among both conflicts and accidents.

The similarities between conflicts and accidents are big
enough to draw the general conclusion that conflicts work
satisfactorily as substitutes for accidents even from this
point of view.

International comparisons

This report also presents the International Committee on
Traffic Conflict Techniques (ICTCT) and its aims. One of its
larger achievements was the execution of a calibration study
in Malm®, Sweden, 1984. Eight teams were present, represent-
ing different TCT:s developed. Simultaneous recording on
groundlevel was combined with video-taping continuously. A
comparison between the eight teams was made, as well as a
comparison between the scorings of the eight teams and some
objective measures. It was found that a TA-related time
measure (MTTC) was the most important factor in explaining
the common severity. (MTTC = Minimum Time to Collision, at a
continous measuring during the entire duration of the con-
flict. TTC is the projected time to collision presupposed
unchanged speeds and directions). The second most important
variable was found to be the "minimum distance between the
two road-users." Thirdly, "conflict type", i.e. the type of
road-user involved. Time to Accident was not included in this
analysis.
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It can be concluded from this calibration study that it seems
as if the Swedish TCT includes all the three variables that
were found to be important in explaining the common severity.
The "time measure" and "conflict type" are included more di-
rectly than the "minimum distance". The latter is, however,
indirectly included through the combined TA- and speed based
definition of severity. (See figure S:2).

Road-users' perceived risk in conflicts

One of the basic hypotheses, namely that serious conflicts
could be characterized as break-downs in the interaction
between two road-users, have been tested through interviews
with road-users that had been involved in conflicts. Road-
users were stopped immediately after the occurrence of a
conflict. Two questions relevant to the hypothesis mentioned
above, were directed to the road-users. The first dealt with
the recognition of the conflict, and the second with the
road-users estimation of the likelihood that the conflict
could have ended up as an injury-accident.

The results can be interpreted in the following way with
regard to the hypothesis: both questions produced a very
distinct difference between serious and non-serious con-
flicts. The first one showed that the proportion of road-
users that could recognize the correct conflict without assi-
stance was around 25 % for non-serious, while it was ranging
from 55 % to 80 % for serious conflicts (the highest values
for the most severe conflicts). The estimated likelihood that
the conflict "easily could have ended up as an injury acci-
dent" was around 5 % for non-serious conflicts, while it was
ranging from 15 % to 30 % for serious conflicts (highest
value for the most serious conflicts).

The distinct difference between serious and non-serious con-
flicts gave a lot of support to the hypothesis of serious
conflicts as indicators of break-downs in the interaction.

It was not possible, however, to detect a distinct threshold

value between the two groups of conflicts. This indicated

that the choice of borderline for serious conflicts exactly
as we did, was not critical, from this point of view.

Conclusions

The major conclusions from this report can be summarized and
commented on as follows:

- The definition of a serious conflict is improved, thanks to
the introduction of the TA- and speed dependent thres-
hold level between serious and non-serious conflicts.
Further modifications are discussed in the report,
some of them found to be interesting in the long run. As
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long as data volumes cannot be extensively bigger, however,
a possible improvement due to the introduction of further
modifications will hardly be possible to detect.

At present we,therefore, have a great confidence in the
present definition.

- The reliability of the observers must be considered as
fully acceptable. The bias introduced by them is very
small, and it does not seem to create any problems in
the use of the technique.

- The new process validity approach, that I have presented,
is very promising because it has linked accidents and con-
flicts in a new and better way. The demonstrated similari-
ties showed that accidents and conflicts (defined in our
way) have very similar characteristics in their last phases.
The results indicated clearly that conflict severity, the
accident-to-conflict ratio, increased with increased seve-
rity zones and that accident severity also increased with
increased zones. This opens up the possibility of new pre-
dict validity approaches based on a two-step design:

1) The probability of a collision is determined, using in-
formation about, among other things, the conflict seve-
rity.

2) The severity of the collision's outcome is determined
using, among other things, the conflict's severity.

A validity study, for this purpose, should, however, be dealt
with on a much larger scale than the earlier studies.

This, however, demands a new recording technique which can
make recording of conflicts much more cost-beneficial than
the present technique. (Video-based techniques for image-
processing are mentioned in the report as one of the great
potentials for future use).

More qualified accident information on a large enough scale
is also highly warranted. This is particularly true for
information about the pre-crash phase.

The usefulness of the TCT is discussed in the end of the
report. It is obvious that the use today of the TCT on an
operational basis is fairly limited. The main drawback of
present techniques is most probably that data-collection is
too time-consuming. The need for a more cost-effective recor-
ding technique is, therefore, coinciding with the need demon-
strated for validation purposes.

The benefits of using the TCT on a routinebasis, in research
or elsewhere, can, therefore, not be ascertained today to any
greater extent. Research at out Department has, however,
shown that the TCT can play an important role in identifying
hazards (including their causes) and in testing new counter-
measures in the field.
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Finally, I want to stress the importance of seeing the TCT as
one of many tools in the area of safety evaluation. A wide
approach to this area demands the intergrated use of indirect
and direct measures. It is in this context that the Traffic
Conflicts Technique should be seen, and it is also from this
stand-point that the TCT should be assessed.




NOTATIONS

ALT.DEF.1~5:

Collision
course:

Conflicting
Speed:

Conflict type:

Conversion
factor (m):

Ground-level
observers:

MTTC:

Manouvre type:

Potential con-
flict:

Predict vali-

dition:

Process vali-
dation:

Relevant road-
user:
Safety:

Serious con-
flict:

XXTIIT

Alternative definitions of severity tested in
section 7.3.

Two road-users are going to collide if they
continue with unchanged speeds and
directions.

Speed of the relevant road-user involved in
a conflict, at the moment when TA is calcula-
ted.

Type of road-users involved in conflicts.
Section 7.4 (type of conflict is sometimes
used synonymously to manoeuvre type).

Accident~to-conflict ratio.

Human observers located on the ground, at

the intersection studied.
Minimum Time To Collision.

A combination of the manoeuvres of the two
road-users involved in a conflict or acci-
dent.

Elementary event in the interaction between
two road-users.

To establish the relationship between the
(expected) number of accidents and the (ex-
pected) number of conflicts.

To establish the relationship between the
processes leading to accidents and conflicts

respectively.

The road-user who defines the severity of a
conflict.

The expected number of accidents. (Used in
connection with predict validation).

1) Elementary event in the interaction
between two road-users.

2) Original definition: A serious conflict
occurs when the Time to Accident is
equal to or less than 1.5 seconds.

3) New definition: Conflicts that have a com-
bined TA-Conflicting Speed value that ful-
fills the criterion of ALT.DEF.2, severity
zone 2 or higher.
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Severity:

Severity of
accidents:

Severity of
conflicts:

Severity (va-
lue) of a con-
flict

Severity zone:
Slight con-
flict:

TA:

TMTC:

TTC:

Time to Acci-
dent:

Type of con-
flict:

Undisturbed
passage:

A relation between TA and Conflicting Speed.
(Increased severity is a result of either
higher speed or lower TA or both).

The indexed severity of (police-reported)
injury accidents.

The accident-to-conflict ratio in different
severity zones.

The lowest severity among the two road-users
involved in the conflict.

A zone in the TA-Conflicting Speed graphs
with uniform severity.

Elementary event in the interaction between
two road-users.

Time to Accident.
Same as TTC.

Time To Collision, i.e. time that remains to
a collision, presupposed unchanged speeds and
directions (continuous over time).

Time to Accident, i.e. time from the moment
when one of the road-users starts an evasive
manoeuvre till the collision would have oc-
curred, if speeds and directions were kept
unchanged.

Synonym to manoeuvre type (N.B. Conflict type
is used in a different context).

Elementary event in the interaction between
two road-users.




1 INTRODUCTION

This report is presented as an historical review of the
developmental work that has been going on at the Department
of Traffic Planning and Engineering at Lund University since
1974.

I have chosen this form for several different reasons:

- It hopefully gives the reader, that is more or less unfami-
liar with this area, an opportunity to understand the
entire developmental process, from the need for indirect
safety measures to validation problems and use of the
technique.

- It hopefully gives readers who are familiar with the area an
understanding of what lies behind different conclusions and
considerations regarding this specific technique. It may,
due to this, give guidance to other workers in the area.

- Personally, this was the best way of integrating old parts
of the development, already published, with new parts not
published before.

Chapter 2: "THE NEED FOR INTERMEDIATE MEASURES IN SAFETY
EVALUATION", presents arguments for the use of accidents
solely for safety evaluation. There is also a detailed eva-
luation of a case-study that illustrates the problems invol-
ved.

Chapter 3: "ALTERNATIVES TO ACCIDENTS IN SAFETY EVALUATION"
gives the theoretical framework for conflicts, severity and
serious conflicts. Our choices of original definitions are
presented. The "first generation definition" of a serious
conflict is particularly important.

In Chapter 4: "RECORDING OF SERIOUS CONFLICTS" different
recording techniques are discussed as well as our choice of
human observers for ground level observation. Training and
testing procedure are presented as well as the results of the
first reliability studies we made.

Chapter 5: "VALIDATION OF SERIOUS CONFLICTS AGAINST ACCIDENTS
- FIRST GENERATION APPROACH" presents the original validation
study based on the "the first generation of definitions”.
This validation study is only dealing with the prediction of
accidents from conflicts.

After almost ten years of experience I made the synthesis
presented in chapter 6: "EVALUATION OF THE ORIGINAL TECH-
NIQUE". I define the problems we had experienced with regard
to the definition of a serious conflict, and more generally I
try to identify all possible improvements of the definition.
I review and comment on the reliability studies of observers
and I discuss possible improvements of the test methods we
used. Finally I review the validation study and discuss the
theory behind and, again, possible improvements.




Chapter 7: "MODIFICATION OF THE ORIGINAL TECHNIQUE" is of
great "ideological" importance to me. Based on the aforemen-
tioned evaluation I present five different ways of defining
the severity of conflicts. I then compare these five defini-
tions with a new approach:

- I define the last part of the processes leading to serious
conflicts and accidents and compare these parts with a
sample of conflicts and accidents.

- I formulate criteria that should define severity both for
conflicts and accidents.

- Finally, I compare the given definitions and argue for the
selection of one of these as being most relevant.

In a second step I compare evasive manoceuvres between serious
conflicts and accidents. I try to find similarities and
dissimilarities between accidents and conflicts.

My conclusion from this entire comparison of serious con-
flicts and accidents is that the similarities, in this last
phase of the processes, are big enough to state that "serious
conflict and accidents seem to be strongly related". The main
difference has to do with the severity of the event.

Further on in chapter 7 I briefly present the on-going inter-
national cooperation on Traffic Conflicts Techniques (7.4).
Specifically, I present the results of a major effort to
calibrate conflict techniques developed in different coun-
tries. I also compare the conclusions drawn from this study
regarding severity classification with my own findings re-
garding our technique.

In section 7.5 I use detailed results from the calibration
study in order to compare recordings made in the field by
Swedish observers with an objective evaluation. The compari-
son was of great interest as it was the first time we had the
opportunity to compare our "subjective scorings" with an
"objective evaluation". The results give a better insight
into some of the reliability problems. The study, however,
should have been bigger in order to make it possible to draw
more definite conclusions.

Chapter 8 deals with the relation between conflicts of different
severity and the reaction among road-users who get involved in
such conflicts. I also relate the results to the "Risk homeo-
stasis theory" presented by Gerald Wilde. Among other things

I argue for a wider use of the concept of conflicts for
research that is related to Wilde's theory.

Finally, in chapter 9, I conclude and comment on the whole
report and give my arguments for the use of traffic conflicts
in traffic safety evaluation, as one of many tools in order
to improve the evaluation procedure.




2 THE NEED FOR INTERMEDIATE MEASURES IN SAFETY EVALUATION

2.1 Introduction

In order to gain knowledge about the causes of accidents one
needs theories concerning the pre-crash phase. Such theories
exist in quite a large number. The Insurance Road Safety
Committee (TRK), (1978) has for instance presented a number
of theories dealing with the information process that pre-
cedes an accident.

The main problem is however, also concluded by TRK (l1978),
that these theories are only to a small extent verified
empirically. This is partly due to the inevitable fact that
accidents are very rare events and, therefore, extremely dif-
ficult to observe on the scene.

Pre-crash accident studies, therefore, have to be based on
historical data, i.e. data that is obtained some time after
the accident has occurred. Besides, most data about the pre-
crash phase has to be obtained through statements either of
people directly involved in the accident or witnesses to the
event. There are very few, if any, objective data, about the
pre-crash phase, such as speeds, etc.

It is in this perspective a most natural thing to try and
identify events that have a similar pattern but are much more
numerous. If these kinds of events do exist, it will open up
the possibility for external observers not only to observe
the events as such, but also the chain of events leading up
to the "accident-like" event. This in turn would lead to
improved possibilities of studying different parts of the
process leading to accidents.

2.2 Countermeasure evaluation based on accidents

2.2.1 Low numbers, long periods

Evaluation of safety, based on accidents only, has a number
of disadvantages. For countermeasure evaluation accident
frequencies are unstable even if the actual accident-risk
keeps constant. When accident-frequencies are low, as often
is the case when one deals with intersectional measures for
instance, misinterpretation of the results may occur fairly
easily. For instance, when a countermeasure has halfed the
expected accident risk over a certain period of time from 8
accidents to 4, then there is still a 15% risk that the
number of accidents in the after-period is higher or equal to
the number in the before-period, just by chance (Van der
Horst, Riemersma, 1981).

In order to increase the number of accidents observed the
data collection has to run for many years. This has some
obvious drawbacks.




To start with, long evaluation periods mean that changed
conditions will appear there caused by factors other than
those of immediate interest. Flows will change as the general
behaviour. These factors may change accident risks quite con-
siderably over a 5 to 10 year period, a time span which is
not unusual at before and after studies.

It is therefore an extremely difficult task to discriminate
the effect of the countermeasure itself from the effects of
other factors. Control groups have to be used in order to be
able to make this discrimination. The question then arises,
however, how to form these control groups.

Is it possible to isolate a control group that only indicates
the effects of flow changes and general changes of behaviour
similar to the changes in the experimental groups? My answer
to this question is that the general knowledge about rela-
tions between flows, "general behaviour" and accident risks
is so poor today that a proper use of control groups, in
order to isolate the "real" effect of a specific countermea-
sure, is very difficult. It then does not matter whether the
countermeasure in question is a change of intersection de-
sign, change of intersection control, an information cam-
paign, increased enforcement or whatever. The isolation of
the "real" effects will always be difficult.

The problems are well illustrated by the example given in fig
2.1.

Injury

accidents
(excl fatal)
A

1 000 A

400 -
300 +
200 4

100 A

0] -
¥ T T T T T T T T T T T ! Year
1960 62 64 66 68 70 72 74 76 78 80 82 84 86

FIGURE 2.1 THE ANNUAL NUMBER OF POLICE-REPORTED INJURY
ACCIDENTS IN MALMO 1960 - 1983 (EXCL FATAL
ACCIDENTS) .
From: Malmé Gatukontor, 1984.




There are some clear trends in the graph:

1) From 1964 to 1974-75 there was a more or less conti-
nuous decrease in accidents and during that ten years
there was a 60% reduction in the total number.

2) Since 1974-75 the number has started growing again
and by 1983 it has increased by 60%.

There are no big changes in any specific factors contributing
to accidents in the period 1974-83 compared to 1964-74. The
big change in the trend is, therefore, more or less impossib-
le to explain. What is, for instance, the role played by
different changes in the infrastructure, intersection design,
etc? And what is the role played by police enforcement,
information campaigns etc? It is most reasonable to assume
that the positive trend is a "combined effect of all mea-
sures", but how does one explain that this "combined effect"
does not work after 1975.

The example illustrates quite well how little we know about
the reasons behind the different trends. It focuses on the
problem of how to organize control groups that are relevant,
i.e. that give all other effects excepting the effects of the
countermeasure itself.

Another problem having to do with the long periods of evalua-
tion is that the outcome of the analysis deals with mean
values over long time periods not indicating at all the
process of adaptation from a behavioural point of view and
not indicating the trends.

The following theoretical example, however extreme, illustra-
tes the problem quite well:

Accident-
risk A

Rl_ _____
> —
f -
-3 Time
(Countermeasure (years)
introduced)
FIGURE 2.2 THE CHANGE OF ACCIDENT RISK CAUSED BY TWO DIFFERENT
COUNTERMEASURES

A theoretical example




Two different locations are studied. Accident-risks are the
same at both locations (Rq) before two different countermea-
sures are introduced at yé&ar O. The effects of the two coun-
termeasures develop in two completely different ways: At
location 1 behaviours are changed gradually. There is no
immediate reaction but the learning process introduces safer
and safer behaviour the more acquainted the road-users be-
come with the new countermeasure. After three years accident
risks are close to zero.

The countermeasure at location 2 has a completely different
kind of effect. There is a dramatic change of behaviour
initially. Road-users are extremely careful and the risk
drops to zero immediately. Gradually however, behaviours are
modified and accident-risk becomes as high as it was before
the countermeasure was introduced.

When evaluating the effects of the two countermeasures, we
presume that three years have to pass before accident-statis-
tics enable any proper predictions of the effect. Then, we
find that both countermeasures show exactly the same effect
(50% reduction) for the time-period included in the analy-
<is. This information, however, is of very limited interest,
especially as we know nothing about the trend. Normally, a
countermeasure has a "lifetime" of much more than three years
and when things develop the way they did in the example, the
effect for the whole life-time is not possible to detect at
all after three years.

Of course this example is too extreme. It is, however, fairly
obvious that processes similar to these mentioned are at hand
on most occasions. The initial changes may vary quite consi-
derably due, for instance, to the changes in perceptual
tasks. The development may also differ due, for instance, to
the character of the perceptual tasks. One therefore has to
count not only changes over time of behaviours and accident
risks but also that trends may sometimes be positive and
sometimes negative.

The main point of this example is, therefore, that an evalua-
tion of effects over a couple of years may not only give
wrong indications about the long-term effect but may also
give no indications at all regarding the process of adapta-
tion. The last point is very unfortunate in itself, as know-
ledge about the process of adaptation may be a very valuable
entry to a better understanding of how countermeasures work.

A special case, linked to the same problem area as above,
appears if a countermeasure has some kind of "defect" causing
a completely new type of accident. As long as this "defect"
does not produce a considerable amount of accidents it will
be extremely difficult to find out, through a conventional
evaluation based on accidents, that there is a "defect" that
is reducing the potential effect of the countermeasure.
Another evaluation technique, that not only could identify
the effect of the "defect'" but also could clarify the per-
ceptual/ behavioural sides of it, could probably increase the
safety effects of many countermeasures introduced.




One last point that has to do with long periods of evalua-
tion, concerns administrative problems. If the effects of
countermeasures become known over a couple of years time,
there is a great risk that the knowledge about the effects
has become less important and less interesting. Things may
have changed, both administratively and politically which
make the information much less up-to-date.

2.2.2 The regression to the mean

Regression to the mean, or bias by selection, is causing
great problems in evaluation through accident statistics.

The regression to the mean effect should be interpreted as
follows in our case:

Let us say one has a number of intersections. The number of
accidents at these intersections is x during one year. Due to
random fluctuation "the actual number of accidents", x,, is
rarely the same as "the expected number of accidents" at the
same intersections during the same time, m,. If x; > m, then
there is a tendency that the actual number of accldents
during next year, x,, presupposed no changes, is smaller than
Xq i.e. %, < x;. And vice versa, if x; < my,, then there is a
tendenc tﬁat > X

. Y X2 1

The use of x as an estimate of m,, which is very common, most
often leads to biases that creatés problems, at for instance,
effectiveness evaluation. When locations are treated on the
basis of some accident-criterion, then the bias leads to an
overestimation of the effectiveness.

The National Road and Traffic Research Institute (VTI) in
Sweden carried out a general study on this subject. (Brude,
Larsson, 1982). The study serves as an excellent illustra-
tion.

Accident statistics were selected for a seven years period
for all intersections on rural main roads in Sweden. No
changes had been introduced during the seven years. The first
four years were used as a before period and the last three as
an after period.

The report shows that if all intersections with more than one
police-reported accident for the first four years are selec-
ted then there is a regression to the mean effect ranging
from 28% to 43% (depending on the number of accidents in

the before-period), i.e. there is a reduction of accidents
ranging from 28% to 43% and still there were no changes

made at the intersections. If injury-producing accidents only
are used for the selection, then the regression to the mean
effects are ranging from 41% to 52% with the same precondi-
tions as above.

Hauer, 1986, presents the problem somewhat differently. In
table 2.1 accident counts are shown for 1142 intersections in
San Fransisco for two consecutive years. All had stop signs on
the two approaches carrying the lesser flows during both years.




TABLE 2.1 ACCIDENT COUNT AT 1142 INTERSECTIONS - 1974/1975.

1 2 3
Number of Number of Accidents Average Number of
Intersections per Intersection in Accidents per Inter-
1974 section in 1975
n(x) (x) (%)
553 0 0.54
296 1 0.97
144 2 1.53
65 3 1.97
31 4 2.10
21 5 3.24
9 6 5.67
13 7 4.69
5 8 3.80
2 9 6.50

(2 intersections had 13 accidents, one had 16)
From: Hauer 1986.

Hauer states that because the actual count of accidents of a
certain type and severity (x) is subject to random variation,
we define the safety of an entity (in this case an intersec-
tion) to be the expected number of accidents of a certain
type and severity (m).

It follows that to measure safety, one has to obtain esti-
mates of m.

It can then be concluded from table 2.1 that actual accident
counts during one year produce bad estimates of the average
number of accidents per intersection for the following year.
(Hauer has also shown that the two years in table 2.1 were
not unique. Similar results were obtained from data for
1975/76 and 1976/77).

Hauer draws the following conclusion:

a) Were x a good estimate of m, entities which recorded x
accidents in one period would record, on the average, X
accidents in the next period of equal duration if their
expected number of accidents remained unchanged. However,
this is not born out by empirical facts.

b) We deduce therefore that x is not a good estimate of m.
Later on in the paper Hauer continues:

...with one exception, our conclusion about x being a relati-
vely poor estimate of m runs counter to common practise. The
exception is that specific experimental design in which each
ntreated" entity which had x accidents in the '"before' period
is matched by ohe or more 'control" entities which also had x
accidents in that period and are left untreated. Inferences
about treatment effectiveness are then based on the assump-




tion that were the treated entities left without treatment,
they would have behaved just like the '"control" entities,
except for the effect of random variation ......

It follows that the experimental design which in safety work
is commonly held to be superior to all others, implicitly
abandons the notion that x is an estimate of m. This notion
is replaced by the principle: '"the m which would have pre-
vailed during the after period had the entity not been
treated is estimated by the average accident count on the
matched control entities in the “after period". (Column 3 in
table 2.1).

Hauer presents three alternative ways of estimating the ex-
pected value of m for an entity which had an accident count
X. (See table 2.2). Thus these estimates are only based on
the first years accident count. Hauer refers first to Robbins
(1980) who presented the following estimate of m:

-~

T = (x+ 1) * n(x + 1)/n(x)

These estimates are presented in table 2.2, column 4. When
compared with the average accident counts, column 3 in the
same table, we can see that there are great similarities. The
differences seem mainly to do with a wide fluctuation when
the number of entities (n(x)) is small. This is true for both
column 3 and 4.

To overcome this problem Hauer proposes two different ways of
smoothing the estimates. These are shown in table 2.2, column
5 and 6.

TABLE 2.2 COMPARISON OF ESTIMATES OF THE EXPECTED NUMBER
OF ACCIDENTS.

1 2 3 4 5 6
n(x)  (x (p) T ,
1 (From table 2.1 | | Estimates of m L
553 0 0.54 0.54 0.53 0.44
296 1 0.97 0.97 0.98 1.04
144 2 1.53 1.35 1.43 1.64
65 3 1.97 1.91 1.88 2.24
31 4 2.10 3.39 2.32 2.84
21 5 3.24 2.57 2.77 3.44
9 6 5.67 10.11 3.22 4.04
13 7 4.69 3.08 3.67 4.64
5 8 3.80 3.60 4.11 5.25
2 9 6.50 n.a. 4.56 5.85

From: Hauer, 1986.
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Hauer's presentation is convincing; there is no doubt that the
use of estimators of m is producing better results then using
actual counts of accidents. The regression to the mean effect
can thus be kept under control.

There are, however, some problems that complicate the use of
these estimators:

a) All these estimators require the knowledge of accident
numbers on a population of similar entities. The question
is: What is a similar entity? If the study concerns for
instance intersections what should the design criteria be
then? What traffic volumes? If one wants to test the ef-
fectiveness of a particular countermeasure, what then de-
fines the similar entities regarding the different cri-
teria mentioned above?

b) Accident data and other intersectional data are often
not very easily available and therefore not used. This
is, of course primarily an administrative point of view
but still, it plays an important role.

c) Quite often the number of locations to be treated is very
small, as well as the number of accidents. The techniques
presented by Hauer are then not working properly because
there is a wide fluctuation in the accident numbers due to
randomness.

d) The techniques presented by Hauer are not very well known,
probably especially to practitioners who still are carry-
ing out a considerable number of studies on the effective-
ness of countermeasures.

My main point with this presentation is not to discourage the
use of techniques to deal with the regression to the mean
problem. They are of greatest importance in order to get rid
of many of the exaggerated opinions about safety effects of
countermeasures, that in turn may lead to wrong conclusions
and a poor allocation of resources. But, as progress is slow,
it is most appropriate to try and introduce alternatives such
as intermediate measures. Using much more numerous, accident-
like, events may solve problems linked to the regression to
the mean problem and should therefore be considered as a
worthy complement to accident analyses.

2.2.3 Diagnosis based on accidents

As was mentioned earlier, there is one fundamental problem
when using accidents for diagnostic purposes: accidents can
hardly be systematically observed in the field. Instead, one
is bound to use historical data obtained in one way or the
other:
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1) The police authorities present a statistical report on
each accident that comes to their attention.

2) The police authorities also carry out a special survey on
each accident that may lead to charges against any of the
road-users involved. This material is not official but
may be used for research purposes.

3) Hospitals nowadays are providing statistics on persons
brought to the hospital due to injuries caused by a traf-
fic accident.

4) Insurance companies have statistics on all their relevant
cases.

5) Special interviews with road-users that have been invol-
ved in accidents are sometimes carried out. For instance
persons that have been brought to hospitals for medical
care due to injuries obtained in a traffic accident have
been interviewed afterwards. Children at schools have
been interviewed about accident-involvement, etc.

6) Special accident investigation teams can be set up to
visit accident locations as soon as possible after an
accident has occurred. The car industry is utilizing this
technique mainly in order to study the impact on the ve-
hicles caused by collisions at different angles, speeds
etc, injuries to car occupants, etc. Other than this there
is only one pilot study carried out in Sweden, by the
Insurance Road Safety Committee (TRK). The Committee de-
cided in 1975 to commission a project aimed at evolving
and testing a methodology of in depth investigation of
road accidents (TRK, 1978).

The different sources mentioned above differ quite consider-
ably with regard to the quality of the data for diagnostic
purposes. Ordinary police-reports hardly give any indication
of what the causes of accidents may be. Police surveys give
some indication of causes through interviews with road-users
involved or with witnesses to the accidents. For the purpose
of finding the causes of accidents as a basis for finding
remedial measures, this information has a limited value:

- The police authoritie's survey aims at finding causes from
a legal point of view, which means that important knowledge
about more complex relations may easily be overlooked.

- With regard to the aim of the police authoritie's survey,
the road-users involved as well as witnesses may present
a biased version of what actually occurred in order to
"protect their own interests". Quite often, different ver-
sions of the event are in opposition to each other.

- From a psychological point of view, it is not simple for a
road-user to reconfirm a series of events after being in-
volved in a traumatic event that may even have been inju-
ry-producing and have left people with feelings of guilt.
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Statistics from hospitals and insurance companies normally
give very limited information on causes of accidents. Insu-
rance companies certainly make surveys similar to the ones
carried out by the police authorities, but the value of those
is limited for the same reasons as mentioned above for police
surveys.

Special interviews with road-users involved in accidents,
designed specifically so as to give answers to questions of
importance for the causual connections, have to be carried
out close in time to the occurrence of the accident. Other-
wise, too much of the important information is lost. Normal-
ly, however, interviews cannot be carried out in connection
with the accident occurrence. Therefore, it is of importance
to clarify the aim of the interviews and not pin too much
hope to the possibility of finding useful know-how on complex
relations between accidents and different causual factors.

The use of accident investigation teams visiting locations is
the technique that, in my view, has by far the highest poten-
tial in regard to the aim of finding complex causual con-
nections as the basis for remedial action. There are some
obvious advantages compared with all other sources:

- Accident locations can be surveyed soon after the acci-
dent has occurred, before vehicles are moved, etc.

- Interviews with road-users involved, witnesses, etc, can
be carried out on the accident-spot thus enabling straight
references to local conditions (physical infrastructure as
well as light and weather conditions, etc.)

The pilot study referred to earlier (TRK, 1978) included a
literature review and problem identification. It says there
that with regard to the whole accident process a differentia-
fion can be made in three phases, each illuminating certain
problem-areas:

Phase Problem—areas

Pre-crash Interaction between road-user - vehicle -
road environment. Road-user's perception,
decisions and actions.

Crash External and internal environmental
factors. Vehicle construction. Effect
of protective systems.

Post-crash First-aid, ambulance service. Care and
rehabilitation.
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The authors of the report state that, concerning completed or
on-going projects, the main focus has been on crash-studies.
One reason for this is said to be that the main interest has
been in problem-areas that can be studied in the crash-phase.
A reason for this, it is presumed, is that technicians and
engineers have been initiators. Included is the car industry.
They also conclude that it may be, or at least it seems to
be, easier to work with damage/injury-prevention than acci-
dent-prevention.

The TRK-study was focused on studies of the interaction
between human beings, vehicles, the road and traffic environ-
ment and especially the role played by the road-user. The
main emphasis was, therefore, on events during the pre-crash
phase.

The aims of the project were spelt out as follows:

"The overriding aim of this project has been to investigate
actual road accidents with a view to elucidating accident
processes and identifying the causes of accidents, and in
doing so to help improve the state of knowledge in this
sector and the factual documentation underlying road safety
measures of various kinds.

In keeping with this aim, the experimental activities have
been designed,

to evolve and test a methodology for the conduct of
multidisciplinary investigations of road accidents.

to try to identify the general course of the accidents
investigated and their causes and the causes of injuries
and material damage.

in analysing the course of the accident, to devote particular
attention to the course of events before the vehicle was
involved in a collision, left the road, etc., points of
inquiry here including the information available to the
driver and the way in which the driver acted'".

A team of experts was set up, comprising a project leader, a
vehicle inspector, a road engineer, a behavioural scientist
and a medical doctor.

This group, or sometimes part of it, was cruising within a
certain area in a specially equipped vehicle. Alarms were
given via radio based on reports from the police.

At the accident locations data were collected by each member
in the group according to special check lists. The study
focused on the interaction of road-user, vehicle and road and
traffic environment, especially during the pre-crash phase.
Interviews of the road-users involved in the accidents were,
therefore, very important.

Twenty-three accidents were investigated.
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With regard to the pre-crash phase, the analysis of data led
to a description of the course of the accident. Factors are
defined which may have contributed to the occurrence and
development of the accident. The final part of the conclu-
sions are of interest as they stand:

nproperly used, investigations of this kind should be ca-
pable of providing a valuable supplement to conventional
accident figures. Accident investigations conducted in the
form of case studies - without purporting to yield repre-
sentative findings - can then serve one or more of the
following purposes, among others.

- They can provide documentation leading to the discovery
of ""new" problems and/or the formulation of hypotheses
which can then be tested experimentally or on other
accident material.

- They can supply detailed information concerning a
phenomenon or a causual relationship which has
previously been established with statistical material
or as a result of laboratory experiments.

- They can reveal obvious accident or injury factors
of such a kind that the study of a single case is
enough to show that action will have to be taken.

- They can reveal the incorrect design of a detail of
the road and traffic environment or of a vehicle -
errors which are not conspicuous enough to be disco-
vered by other methods.

- They can furnish ideas and suggestions concerning
measures of a general nature and indications of
appropriate local measures.

- Multidisciplinary accident investigation reports can
supplement the experience which researchers and
others take as their starting point when dealing with
road safety problems of various kinds."

All these conclusions from the pilot study are of major
interest when searching for relevant know-how in the field of
traffic safety. The special focus on the pre-crash phase
makes this study particularly interesting from my point of
view. The main problem is, however, that the finding of
representative know-how, e.g. for a specific type of inter-
section or a specific manoeuvre type, demands very big re-
sources.

This is where intermediate measures come into play. Observing
many more numerous "accident - like" events on the scene may
overcome the problems of representation. In order to improve
knowledge, road-users involved in these "accident-like" ev-
ents may also be stopped and interviewed right after such an
event has occurred. (In chapter 8 studies are presented that
show that such an interviewing technique is possible to use
in practise).
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2.3 Case - study

2.3.1 Introduction

In this section, one example will be presented on the use of
accident analysis for the evaluation of countermeasures. The
example is not meant to be representative of the use of
accident-statistics for this purpose in general. It, however,
reflects some of the fundamental problems mentioned earlier
concerning the use of accidents for evaluation purposes. The
example is also a good one because large investments in
safety action are made.

2.3.2 An accident study on the safety effects of signali-
zation of zebra-crossings

In the Nordic countries, as elsewhere, signalization of only

zebra-crossings have been used for quite a few years as a

. safety-measure on different types of roads. The crossings are
either located mid-block or close to a non-signalized inter-

section. Different strategies have been tried. The most com-

mon ones in Sweden are ALL-RED, RETURN TO GREEN FOR CARS and

FLASHING YELLOW. The main differences between them are:

ALL-RED: When there are no road-users detected all signals
show red.

RETURN TO When there are no road-users detected the
GREEN FOR vehicle-signal shows green.
CARS:

FLASHING When there are no pedestrians detected the vehicle-

YELLOW: signal shows flashing yellow. The pedestrian signal
is then switched off. A detection of a pedestrian
means that the vehicle-signal turns to red via
steady yellow. The pedestrian signal turns to green
via some seconds of red.

In Iceland, a modified strategy of the RETURN TO GREEN is
used. It is the British invention of PELICAN CROSSING. The
main difference is that red for vehicles is just shown for a
couple of seconds. It then turns to flashing yellow which
means that vehicles may pass if no pedestrian has started to
cross. Pedestrians are shown flashing green in this special
phase.

A joint Nordic study on the effects of signalized pedestrian
crossings have been carried out in the frame-work of a Nordic
traffic safety project called EMMA (Evaluation of the traffic
safety effects of minor road improvements). (Vejdatalaborato-
riet, 1982). The overall results of the study are as follows
from table 2.3.
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TABLE 2.3 THE TOTAL NUMBER OF INJURY ACCIDENTS BEFORE AND
AFTER SIGNALIZATION OF PEDESTRIAN CROSSINGS IN
THE NORDIC COUNTRIES

Beforel) After XZ Significant
Denmark 18.0 12 1.40
Finland 7.0 6 0.07
Iceland 33.8 21 3.36 *
Norway 30.6 23 1.19
Sweden 29.6 33 0.25
Total 118.9 95 3.14 *

1) corrections are made due to the length of the after-period
compared with the before-period and due to the accident-
trend.

From: Vejdatalaboratoriet, 1982.

Altogether, in the Nordic countries the corrected number of
accidents before signalization was 119 while the number after
was 95. This represents a significant decrease which is
around 20%.

For the Swedish locations though, the corrected number before
is about 30 accidents while it is 33 after. Thus there is an

increase of the total number of injury accidents, though not

significant.

While there was a 20% reduction in the total number of
injury-accidents and a 35% reduction in pedestrian acci-
dents, there was only a very small reduction of non-pedes-
trian accidents. (See table 2.4).

TABLE 2.4 THE EFFECT OF SIGNALIZATION OF ZEBRA-CROSSINGS
ON PEDESTRIAN AND NON-PEDESTRIAN ACCIDENTS

2

Beforel) After X Significant
Pedestrian accidents 55.0 36 4.44 * %
Non-pedestrian acc. 63.9 59 0.24
Total 118.9 95 3.14 *

1) corrections are made due to the length of the after-period
compared with the before-period and due to the accident-
trend.

From: Vejdatalaboratoriet 1982.

The report unfortunately does not present these data with a
break-down on the different countries.

It can be seen from table 2.4 that pedestrian accidents stand
for less than half of the injury accidents at the studied
locations, both before and after introduction of the signal.
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The report presents the number of road-users of different
types involved in the accidents. It does not state, however,
what kind of accidents (manoeuvre type, etc.) this majority
of the accidents represents.

A number of parameters were analysed:

- Category of road

- Function of road

- Distance to nearest intersection

- Type of signal strategy

- Equipment (detectors, etc.)

- Coordination with other signals

- Distance between the accident-location and the zebra-
crossing

- Light conditions

- The severity of the accident

- Type of road-user involved

- Speed limit

~ Median refugees

- The length of the crossing

- Traffic volumes

- Time of the day

- Time of the year

One of the points made in the report was that "there was an
80% reduction in the number of fatally injured road-users,
from 10 to 2".

Another finding was that the distance between the accident
location and the zebra-crossing was of importance. Table 2.5
presents the accidents with a break-down on distance to the
zebra crossing.

TABLE 2.5 THE LOCATION OF ACCIDENTS RELATED TO DISTANCE
FROM THE ZEBRA CROSSING, BEFORE AND AFTER

SIGNALIZATION.

Beforeg?r ) Caifter Bg?grgl edesziézg
On the crossing 22.11 23 20.35 18
< 10 m 40.40 : 38 11.23 5
11-50 m 32.20 34 15.45 7 *
51-100 m 25.90 13 =* 13.21 6 =*
> 100 m 5.91 3 4.46 1
Total 126.5 109 64.7 47

1) corrections are made due to the length of the after-period
compared with the before-period and due to the accident-
trend.

From: Vejdatalaboratoriet, 1982.
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Table 2.5 shows that there does not seem to be any reduction
at all on crossing itself, neither for cars nor for pedes-
trians. For the latter, the distance has to be between 11 and
100 meter to find a significant reduction in the number of
observed accidents. It is stated in the report that the
reason for the observed differences in distance cannot be
explained from the data available. For instance, it cannot be
clarified whether there are differences in exposure before
and after the installing of signals.

Regarding many of the parameters studied, there is an obvious
covariance between them. Wide roads, for instance, most often
carry heavy vehicle-volumes and they often have islands, etc.
The interesting thing is that the largest part of the total
reduction in accidents, 18 out of 24 "saved" injury acci-
dents, occurred in 10 out of the 112 crossings included in
the study. These locations had a number of parameter-values
in common:

- They are situated in big cities

- Vehicle volumes are big (13000-23000 ADT)

- The zebra-crossing has a length of more than 15 meter

- There is a median island

- The distance to the nearest signal is at the most 550 m
(9 out of 10 have a distance of less than 300 m).

2.3.3 Comments on the different problems with the accident
study

A. LOW NUMBERS, LONG PERIODS

For the 31 locations in Sweden that are included, the average
accident rate is a bit more than half an accident per year,
both before and after signalization. This means between 15
and 20 accidents per year in total, out of which 5 to 10 are
pedestrian accidents.

A reduction in pedestrian accidents of 35%, which was the
reduction in pedestrian accidents totally in the study, will
be quite difficult to trace based on the Swedish part of the
study. A study duration of 3-5 years, both in the before and
after study, is needed in this case just in order to find a
significant change in the number of accidents. If then there
are a lot of parameters - as in this case - of potential
interest to relate to accident risk, then the number of acci-
dents in the study should have been considerably higher than
was the case.

In this project, one solution to the problem was to create a
joint nordic project. The question, however, is if the loca-
tions selected from the different countries can be said to be
selected from one sample of locations. It is doubtful for
instance if the Swedish sites (with a 10% increase in recor-
ded accidents) should be mixed with the Norwegian sites (with
a 20% reduction in recorded accidents). It seems as if
variables other than those controlled create differences in
the effect of these signalizations.
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Besides, in spite of the increased data-base, it was not
possible to draw any important conclusions because:

- The effect of different signal strategies is not cla-
rified, except for the positive effect of pelican
crossings.These, however, only exist in Iceland. The
positive effect, therefore, cannot automatically be
generalized as to the other countries.

In Sweden there are, as mentioned earlier, at least
three different strategies applied quite frequently.
Still, the study does not even give indications as to
what strategy to prefer, if any. Besides, if the effect
of different strategies varies with regard to other va-
riables, the study would have had to be extremely en-
larged so as to give any operational answers.

The only operational answer given in the report, was
that the reduction of accidents could be referred to 10
locations fulfilling criteria like "heavy traffic",
"yide road", "big city". The question is of course
"what about all other potential locations". In total,
there is a very small proportion of the road network
that fulfills the criteria mentioned. There is no indi-
cation of the strategy for the other part of the road
network. Finally, is there any use of installing sig-
nals if the effect is dubious?

To conclude on this point, the study under scrutiny could not
produce any important answers and left the practitioner com-
pletely without operational guidance. The small number of
accidents was one key factor. Still, data from five different
countries were aggregated in order to increase the numbers.
This aggregation was dubious as it seemed as if the effect of
signalization varied from country to country.

B. REGRESSION TO THE MEAN EFFECT

This problem is only partly dealt with in this Nordic report.

To start with, 16 locations (5 from Sweden and 11 from Den-
mark) were omitted because there were no accidents reported
either before or after. It is admitted in the report that
this omittance will lead to a biased sample and the effect of
the signalizations will therefore be overestimated.

The data available does not give any opportunity to estimate
the possible problem of biased selection of the locations in
general. A complete file of accident data for all relevant
jocations would be needed in order to be able to estimate the
regression to the mean effect in line with what is proposed
by Hauer (1986) (see section 2.2). To produce this informa-
tion is time-consuming and not considered feasible in this
project. Even if this had been done, however, a major problem
remained - namely to define what locations were relevant.
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In principle it is easy; all locations that have a potential
for treatment with signalization. In practise we find, how-
ever, that the criteria used for choice of locations to be
treated varies considerably, from occasion to occasion and
from one local organisation to another. It is therefore
almost impossible to select a proper population of relevant
locations. The estimates, as proposed by Hauer (1986) can
consequently not be done.

Facts in this case, however, indicate that the regression to
the mean effect may be considerable. The earlier mentioned
reduction of fatal accidents with 80%, from 10 accidents to
2, is one such indication. To start with, there were 10 fatal
accidents in 255.33 accident years before signalization. This
produces an average of one fatal accident per 25 accident
years. This seems to be an extremely high frequency, and most
likely much higher than the average on relevant locations.
Secondly, an effect of 80% is much higher than the average
effect on injury accidents. There is very little to support
the idea that fatal accidents should be more influenced than
less serious ones. Thirdly, it is most likely that the fact
that there had been a fatal accident in the before-situation
played a role in the local decision to install a signal.

From the selection of sites one may conclude that some kind
of consideration is given to the regression to the mean
problem. Thus, some of the locations selected have no acci-
dents in the before-period. (At these locations there is a
regression to the mean effect, the other way around) . From
the Swedish data, however, there are only 6 out of 31 loca-
tions that have no accidents before. This seems to be much
less than would be the case at all potential locations for
treatment. This is based on the following assumptions:

- 1In Ezra Hauer's data from San Fransisco, referred to
in section 2.2, the average number of accidents per
location was 1253/1142 = 1.1. The number of locations
with zero accidents were then 553, corresponding to
48%. In this Nordic study there are 30 accidents from
Sweden on 31 locations, before signalization. This cor-
responds to 0.97 accidents per location, thus in the
same order as the San Fransisco data. Still, the number
of locations with zero accidents is only 19% (6/31) in
this case. It is reasonable to believe that the distri-
bution of accidents over locations would be similar
among the Swedish locations as among the San Fransisco
locations. If so, the number of locations with zero ac-
cidents seems to be severely underrepresented and conse-
quently, the number of locations with one or more acci-
dents seems to be overrepresented. It is therefore most
likely that there is a considerable regression to the.
mean effect present. This implies that the reported in-
crease in accidents, regarding Swedish data, might well
have been an even bigger increase in accidents, presup-
posed that a proper technique to treat the regression
to the mean problem had been used.

There is a similar underrepresentation of locations with
zero accidents in the whole Nordic study, as in the
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Swedish part. This means that the reported reduction of
accidents might well have been smaller and it might ev-
en have turned to an increase in accidents instead.

This is the first, and very important, conclusion drawn
with regard to the regression to the mean problem.

The second conclusion bear much more of general inte-
rest: In this case it seems extremely difficult to be
able to produce relevant accident distributions and
consequently, to produce proper estimates of the actual
effect of these signalizations.

C. CONTROL GROUPS/AREAS

The Swedish control group consists of "Injury accidents in-
cluding pedestrians on roads in the jurisdiction of the
national authorities". This road system mainly consists of
roads with a speed limit of 70 km/h and above. The signalized
locations in the study, however, are to 95% situated on

roads with a speed limit of 50 km/h and only to 5% on roads
with a speed 1limit of 70 km/h.

In order to study the effects of this, the accident trends
for pedestrian accidents in built - up areas and non-built up
areas in Sweden are compared. (See table 2.6).

TABLE 2.6 THE NUMBER OF INJURY ACCIDENTS INVOLVING PEDES-
TRIANS IN BUILT-UP AND NON BUILT-UP AREAS
Swedish, police-reported accidents.

Before Implementationl) After
1972 1973 1974 1975 1976 1977 1978 1979 1980
Built-up Number 1786 1728 1817 1761 1763 1660 1627 1661 1549
areas Index 100 97 102 99 99 93 91 93 87
| T T
Mean Index 99 97 90
Non Number 279 287 304 289 251 251 229 268 194
Built-up Index 100 103 109 104 90 90 82 96 70
areas L el 1l
Mean Index 104 95 83

1) a11 signals were installed during one of these three years.

The results indicate differences in the trend. The average
reduction in built-up areas, when three years before are
compared with three years after implementation, is 9% while
the reduction is 20% in non built-up areas. The control

group used - pedestrian accidents in the road network under
governmental jurisdiction, mainly in rural areas but also in
urban areas, gives a trend that is a mixture of the two
rather different trends. It is probable that a more relevant
trend would have been produced if the above-mentioned figures
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from built-up areas were used.

Whatever trend was chosen, it would indicate a reduction of
accidents. In the report there is a 4% increase reported

from before to after in the Swedish control data. This means
that if the trend in the control data is negative, instead of
positive, then we have one more indication that the effec-
tiveness of the Swedish signals might even be more negative
than indicated in the report.

The main conclusion is, however, that the use of control-data
is complicated. The following main problems may be mentioned:

- It is not clear what would form the most relevant con-
trol group. Different sampling obviously leads to dif-
ferent trends and thus leads to different interpreta-
tions of the results.

- It is also unclear as to which type of trend should be
used. Should the same trend be used for all locations
or is the trend going to be decided on individually,
due to the number of accident-years in the before and
after period respectively. Table 2.6 shows the change
in accident numbers from year to year. It indicates
some rather big "jumps" for consecutive years. The con-
sequence of this is that, if only one or two years are
used for the before or after period, the trend may
change quite considerably in regard to which years were
chosen. The question is whether this gives a more rele-
vant control group, or if it would be better to use
more years so as to get a more stable trend.

In the report it seems as if the latter technique is
used. It seems as if more than three years in the be-
fore and after period are used to produce the trend.
This gives a trend that is positive instead of negati-
ve, as was implied in my example. Obviously the choice
of trend can be argued about.

To conclude: The interpretation of the results of the study
is sharply influenced by the choice of control group, time
period, etc. At the same time it is extremely difficult to
find out what the relevant choices are.

D. DIAGNOSIS

The study is specifically designed to test the statistical
difference between accidents before and after signalization,
in relation to a number of parameters describing geometrical
design, volumes, etc.

The problem is that there are no basic hypotheses at all
regarding how the signals are supposed to work or not work
from a behavioural point of view.

This leaves a lot of important questions unanswered:
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- How does the introduction of a signalized crossing
influence the route choice of pedestrians? Does the
signalized crossing attract, for instance, more pedes-
trians or not? There was a clear indication in the re-
port that pedestrian accidents did not drop on the
crossing but 11-100 m away. It is very unfortunate that
this cannot be explained at all. The reader of the re-
port is left completely without any operational advice
regarding this result.

- There are different signal strategies represented in
the study. Of the Swedish locations there are appr.
75% with RETURN TO GREEN FOR CARS, 22% have FLASHING-
YELLOW and 2% have ALL-RED (see section 2.2) All these
three strategies are common in Sweden today. ALL-RED
has become more and more popular and today the majority
of new installations have this strategy.

It is from this point of view very unfortunate that there
are no indications whatsoever as to which one of the three
strategies is preferable from a safety stand point. The
accident-data base available was not large enough to allow
any comparisons of that kind.

Again, the diagnostic part of the evaluation is missing
completely. There are no hypotheses on how the different
strategies work with regard to behavioural risks. This is
particularly unfortunate in view of the fact that other
Swedish studies have shown that different signal strategies
seem to create quite different behaviour. (See for instance
Statens Vagverk (1985), HB SAKTRA (1983)).

2.3.4 Conclusions

The study is an excellent example of the problems created by
a "normal" accident-study. The problems are not primarily due
to misses in the implementation of the study, but much more
due to the general difficulties in designing a "good" study
with only accidents as the basis for all analytical work.

The main conclusions are:

- In spite of 15-20 years of experience with this kind of
measure the answers on important questions with regard
to safety effects were either extremely tentative or to-
tally lacking.

- No precedent guidance in operation of this kind of sig-
nal was set. The most obvious question is why there are
almost as many pedestrian accidents, or more, after sig-
nalization when there in theory should be no such acci-
dents. Was this due to incompliance of car drivers or
pedestrians? The answer, although of great importance,
is not indicated.

- The use of accident statistics does not seem to create,
as mentioned earlier in the report, an interest for ex-
planation of the process leading to accidents. This is




24

a fundamental problem. In case of the described study it
is fairly obvious that a process evaluation based on
theories about the relation between driver/pedestrian
behaviour and accident-risks, would have led to operati-
onal answers to many questions at a much earlier stage.

In Sweden there are appr. 900 signals of this kind. The
investment costs exceeds 70 million SEK. The total re-
sources spent on evaluating the effect of these signals,
however, corresponds to just a very small part of the
investment costs. This seems to be a poor allocation of
money; a greater part on evaluation would most probably
have led to a better return on the invested money.

There is a desperate need for establishing evaluation
techniques that are relevant enough to ensure a proper
handling of even more complex relations.

As a consequence:

ACCIDENT DATA NEED SUPPORT, not only to ensure a proper
use, but to establish complementary measures to acci-
dents, for which there is a strong need.
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3 ALTERNATIVES TO ACCIDENTS IN SAFETY EVALUATION

3.1 our introduction of indirect measures in traffic
safety evaluation

In our own research the need for indirect accident-measures
became obvious already in the beginning of the seventies. The
two cities Lund and Uppsala were both planning the implemen-
tation of area-wide traffic management schemes in their city
centres. An evaluation of "all" the effects of these schemes
was strongly encouraged by the local authoroties. A safety
evaluation was looked upon as important, particularly with
regard to the extensive rerouting of car traffic and intro-
duction of new solutions, e.g. one-way roads for cars com-
bined with two-way bicycle traffic, roads allowed for buses
only, etc. When evaluation was discussed, it became clear
that one needed a short-term evaluation of the safety effects
so that corrections could be made before any unexpected
problems had been documented in a severe accident problem.

This situation called for the use of indirect accident measu-
res. The first tentative "conflict technique" was developed
and used in before and after studies in both cities (PLANFOR,
1972. PLANFOR, 1973). The technique was based on a purely
subjective definition of events that were classified as
having "a certain severity". The reliability of the measure
was ensured by having one trainer who did all the training of
human observers for ground level observation.

The projects in the two cities produced quite a few opera-
tional answers with regard to how different countermeasures
worked and, partly, why they worked as they did. The answers
were, however, difficult to interpret in terms of changes in
actual accident risks. This was due to the fact that the
defined events were not validated against accidents.

our main conclusion from the two projects was that there
seemed to be a great potential for a technique for indirect
measuring of accident risks. We realized, however, that we
had to start more or less from scratch and we also realized
that we faced a huge effort in order to develop a technique
that could fulfill all possible criteria for implementation
in research or elsewhere.

Based on our experience, our primary interest at that time
was to produce a technique that had a predictive value, i.e.
a technique where the indirect measures could replace acci-
dents in the prediction of "expected number of accidents".
The diagnostic part, i.e. to use the technique for safety
diagnoses of problems at for instance intersections, was
still looked upon as a secondary aim.
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3.2 The use of indirect safety measures in other fields
than road transportation

Problems associated with the use of accidents are not con-
fined to road transportation. In air transportation, for in-
stance, the number of accidents is so small that all possible
additional information has to be collected. Thus, all pilots
of air crafts have to report all incidents/near-misses they
are involved in. A miss in the physical separation of two air
crafts that leads to a near-miss, however defined, demands a
big and thorough investigation to find the causes of the
near-miss and to find relevant remedial measures.

Industry often works with reporting of near-accidents. A pam-
phlet concerning techniques for reporting on near-accidents
in industry was recently provided by the National Board of
Occupational Safety and Health in Sweden. It says in the pam-
phlet that "reporting of near-accidents is a way of utilizing
information on accident-like events at work".

Concerning the reporting of near-accidents, it says that it:
- can be carried out in different ways.
- can increase information on accident-risks at work

- can increase the possibilities to systematize and
analyze this information.

- can increase the willingness to report the accident-
risks at work, even after a period of reporting is
finalized.

There are more than a 100.000 work-related accidents annually
in Sweden. The number of minor accidents is higher, it says,
and the number of near-accidents is even higher than that.

To use near-accidents creates possibilities of acting preven-
tively before accidents have occurred. It also says in the
pamphlet that "accident-rate and the rate of severe accidents
had dropped after two years of reporting of near-accidents at
our big wood-industries".

The two examples represent two quite different situations and
pre-conditions. In air transportation there are very few
accidents, most often with severe outcome. In industry there
are many accidents, often with rather slight outcome. In
spite of the different preconditions, reporting of near-
accidents are used in both cases for similar reasons. The
potential in preventing accidents by analysis of near-acci-
dents, is also strongly emphasized in both cases.

It is not surprising that near-accidents have a potential for
use in road transportation as well. Problems and motives to
use near-accidents are very much the same in this area as in
the other areas.
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It also becomes clear from the two examples that if alterna-
tives/complements to accidents are discussed, then the con-
cept of near-accidents is a strong candidate.

3.3 Basic hypothesis

3.3.1 Types of elementary events

The interaction between road-users can be described through a
number of elementary events. These events occur with diffe-
rent probability and different degree of seriousness. Simpli-
fied, the relations can be visualized as indicated in

figure 3.1.

Accidents
1Serious conflicts

Near accidentsj

Severe injury
1ight conflicts
Siight injury}

Potential conflicts

FIGURE 3.1 THE GENERAL RELATION BETWEEN DIFFERENT TYPES OF
ELEMENTARY EVENTS FOR THE ILLUSTRATION OF IN-
TERACTION BETWEEN ROAD-USERS.

It is to be noted that the figure does not necessarily illu-
strate any actual relation between numbers of different types
of events. :
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Verbally the sub-groups can be expressed as follows:
UNDISTURBED PASSAGE

One road-user is passing the intersecting point without
being at all influenced by the presence of any other
road-user.

POTENTIAL CONFLICT

Two road-users are approaching each other in such a
manner that the occurrence of a conflict is imminent un-
less avoidance action is undertaken by either of the
road-users involved. Ample time is at hand for action,
thus offering margins to compensate for a mistake.

SLIGHT CONFLICT

Two road-users are approaching each other in such a
manner that the risk of a serious conflict is obvious.
Time margins are fairly small thus demanding a rather
precise and alert action to avoid an accident.

SERIOQUS CONFLICT

Two road-users appear in a situation that demands sudden
and harsh action to avoid an accident.

A small number of serious conflicts leads to accidents
because the available margins were not big enough, for
one reason or another. Thus the outcome of a serious con-
flict may be a near-accident or an accident with various
degrees of severity.

Oone hypothesis is that serious conflicts are indicators of
break-downs in the interaction between two road-users. (The
description so far has presupposed two road-users involved.
In theory however the same description goes for single vehic-
le situations as well).

A break-down in the interaction is defined as a situation
where the perceived accident-potential is so high, that at
least one of the road-users would not like to be involved in
the creation of a similar event deliberately.

The basic hypothesis can now be formulated:

THERE ARE ELEMENTARY EVENTS, DEFINED A8 SERIOUS CONFLICTS
THAT CAN BE CHARACTERIZED AS BREAK-DOWNS IN THE INTERACTION.
THE ACCIDENT-POTENTIAL IS THEN WELL-DEFINED, I.E. THERE
EXISTS A RELATIONSHIP BETWEEN THE NUMBER OF SERIOU8 CONFLICTS
AND ACCIDENTS.




29

3.3.2 Relation between elementary elements

The relationship between elementary events of different types
is influenced by many factors. The following ones may be
mentioned as being the most important:

- Type of road lay-out

Type of intersection control
Road-user category involved
Manoeuvre type

Vehicle speeds

Road-user volumes and composition
- Age, sex, etc. of the involved.

The more severe events the fewer factors will influence the
relation between two sub-groups of elementary events. The
extremes are good examples:

- In the relation between undisturbed passages and
accidents, it is obvious that most of the factors men-
tioned above play an important role. The most obvious
examples are volumes, intersection control and road
lay-out (e.g. number of lanes).

- The outcome of the most severe near-accidents, e.g.
where a vehicle-driver managed to stop his vehicle just
a couple of centimeters away from another road-user, is
primarily due to randomization. Obviously, traffic vo-
lumes, intersection control,etc. play a very minor role
in settling the probability that a severe near-accident
leads to an accident.

Thus, the more severe conflicts, the less factors
influence the probability that the conflict leads to an

accident.

The above mentioned example leads to two contradictions in
the optimal definition of an event that is going to be rela-
ted to accidents:

1) The more severe the included conflicts are the fewer
factors will influence the relation to accidents.
The fewer factors involved, the easier it will be to
generalize results from one situation to another.

2) The more severe the conflicts are, the fewer con-
flicts there are per time unit. The fewer conflicts
per time unit the more difficult it will be to esti-
mate the expected number of conflicts.

The optimal definition of a conflict, i.e. the
definition that will lead to the best estimates of
the expected number of accidents, will have to be
based on a balancing of the two factors mentioned
against each other.
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Two points appeared when the question of what kind of con-
flicts to include in relation to accidents came up:

a) The classification of different types of conflicts, as
described above, implies that only serious conflicts re-
present a direct link to accidents. This is because se-
rious conflicts occur as the result of a break-down in
the interaction between two road-users. It was, therefore,
not logical to include other types of conflicts that
were the result of a controlled interactive behaviour.
our definite opinion was that the conflicts that we in-
cluded should represent a concept in itself, i.e. that
they were easily recognizable as "hazardous" events. They
should not represent "any type of common event".

b) The Road Research Laboratory (RRL), later on The Transport
and Road Research Laboratory (TRRL) in England presented a
Traffic Conflicts Technique in the early seventies. They
were at that time using a scale of danger to classify con-
flicts. (See table 3.1). Their operational definitions of
serious and slight conflicts seemed to coincide fairly well
with our semantic definitions. In their early work on the
relation between conflicts and accidents they concluded
that serious conflicts and accidents were related but not
all conflicts and accidents. (Spicer, 1971, Spicer, 1972,
Spicer, 1973).

TABLE 3.1 CONFLICT SEVERITY DESCRIPTION USED BY ROAD
RESEARCH LABORATORY IN ENGLAND IN THE EARLY
SEVENTIES

Description Classification

Precautionary braking or lane Slight conflict

changing; collision very unlikely

Controlled braking or lane

changing to avoid collision Slight conflict
but with ample time for

manoeuvre

Rapid deceleration or lane

change to avoid collision Serious conflict
resulting in "near miss"

situation

Very near miss or minor Serious conflict
collision occurred

Serious collision Serious conflict

From: Spicer, 1971




31

Due to the aforementioned arguments, it was fairly easy for
us to decide that we were going to use serious conflicts only
when trying to establish relationships between conflicts and
accidents.

Two important issues now remained before the "definition-
phase" could be considered as finished:
1) Events, as described in figure 3.1 had to be

classified with regard to severity

2) Threshold level between slight conflicts and
serious conflicts had to be defined.

3.4 Severity of conflicts

3.4.1 General

In order to find the optimal definition of a serious con-
flict, one has to define the degree of severity in an event
to start with. The definition should in some way reflect the
closeness to a collision.

There are some basic ways of defining the degree of severity
objectively:

- Distance in space between the road-users
- Distance in time

- Deceleration power needed to avoid an accident.

These factors are the primary indicators of the degree of
severity. There are other, "background factors" that also
play a role in deciding on the closeness to a collision. The
following ones may be mentioned among those:

- Type of road-user
- Speeds of the road-users
- Manoeuvre type

A distance-measure is intuitively the logical thing to use.
The closer in distance the closer to a collision. When dis-
tance is approaching zero the probability of a collision is
approaching one.

Time to collision is another measure that can be used. This
time-measure can be the projection of the time-vector to the
accident point based on actual speeds and distances to the
collision point at each given moment.

The various elementary events, as described in section 3.3.1
can be visualized graphically through this time-measure, from
now on called the Time To Collision (TTC). The principle
outlook of a TTC-graph is shown in figure 3.2.
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Time to
collision

(sec)‘
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time
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FIGURE 3.2 THE PRINCIPLE OUTLOOK OF THE RELATION BETWEEN
TIME TO COLLISION AND RUNNING TIME.

Each road-user involved in some kind of interaction with
another road-user has an individual TTC-graph.

There are three typical sections in a typical TTC-graph
(see figure 3.2):

1) Two road-users are on a collision course i.e. they are
going to collide if momental speeds and directions are
kept unchanged. The road-user that is illustrated in
figure 3.2 is approaching the collision point with con-
stant speed and unchanged direction.

The TTC-value and running time are changing simultane-
ously.

2) The road-user is taking evasive action, in this case by
braking. The TTC value is decreasing less and less
quickly. At a certain point there is a minimum and TTC
starts increasing again.

3) The interaction with the other road-user is about to end,
either because one of the road-users is stopping or be-
cause the collision course is disappearing. In the latter
case the curve forms a vertical line from the moment the
collision course is passed.
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Thanks to the TTC-graphs it is now possible to elaborate on
the elementary events describing the interaction between two
road-users. (See figure 3.3).

TTC

(sec, A

w

+ + + + e
15 Running
time
(sec)

FIGURE 3.3 ELEMENTARY EVENTS IN THE INTERACTION BETWEEN ROAD-
USERS AS A FUNCTION OF TIME TO COLLISION (TTC)

The different elementary events may now be described verbally
as follows below. The avoidance behaviour is braking in all
examples. Each event presupposes two road-users involved. If
the two road-users act differently corresponding to two dif-
ferent types of elementary events, only the least severe is
taken into account.

Undisturbed Passage (UP)

None of the road-users involved is influenced in behavi-
our due to the other road-user's presence. TTC has a high
value. (More than a couple of seconds).

Potential Conflict (PC)

Two road-users are approaching each other in such a way
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that there is a potential risk of a conflict if they con-
tinue. (At least) one of the road-users changes speed or
direction in very ample time, thus avoiding a conflict.
The TTC-curve is turning in very ample time and does not
get close to zero. This type of event is the most common
one when both road-users are fully aware of each others
manoeuvres.

Slight conflict (S1 C)

Two road-users are approaching each other in such a way
that there is a potential risk of a serious conflict if
they continue. At least one of the road-users takes eva-
sive action in ample time, thus avoiding a serious con-
flict. This type of event accounts for a large portion of
those events where one of the road-users is accepting a
fairly small gap, thus forcing the other to brake. It al-
so includes events where one of the road-users '"takes a
chance" and starts crossing a path without complete con-
trol of all possible intersecting road-users.

Serious Conflict, type 1, (SeC:1)

Two road-users are approaching each other in such a way
that there is a potential risk of a collision. There is
still a small margin left-TTC is not getting close to the
absolute vicinity of zero. This is by far the most common
type of serious conflict. Even though the interaction has
broken down, i.e. at least one of the road-users becomes
highly surprised and is forced to take immediate action,
a collision is avoided in most of the cases.

Serijious Conflict, type 2, (SeC:2)

(At least) one of the road-users involved is either acting
so late or performing so poorly that the TTC-graph in
both cases is "touching" zero. There is a slight touch
between the two road-users.

Serious conflict, type 3, (SeC:3)

(At least) one of the road-users involved is acting so
late that he is just able to start on an evasive action.
The road-user is hitting the other one with almost the
"approach" speed.

Serious conflict, tvpe 4, (SeC:4)

(At least) one of the road-users is detecting the danger
so late that he is just about to start taking evasive ac-
tion when the collision occurs. The road-user is hitting
the other one with the "approach" speed.

Serious conflict, type 5, (SeC:5)

None of the road-users involved detects the danger until
the collision is a fact. The road-users are colliding
with the "approach" speed. Besides, the road-users are
not at all prepared when they collide.
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3.4.2 Severity rating through Time Measured To Collision
(TMTC)

At an early stage of the development of traffic conflict
techniques there was an interesting approach of rating con-
flicts with regard to severity in the U.S. (Hayward, 1972).

A scale of danger for near-misses based on a time-measure was
introduced by Hayward. He proposed the use of the unit Time
Measured To Collision (TMTC), defined as the time required
for two vehicles to collide if they continue at their present
speeds and on the same path. (Thus the same as Time to Colli-
sion (TTC)). The situations were filmed and analysed through
a sophisticated automatic technique. This made it possible to
calculate TMTC at each frame point in the analyzed sequence,
so that TMTC is continous with time.

Hayward claims that the theoretical shape of a simple near
miss curve of TMTC-values versus time should be concaved
upward, reflecting the increasing and then subsiding danger
as a near-miss passes. (See figure 3.4).

Time to collision

0 Time
FIGURE 3.4 THEORETICAL TMTC CURVE ACCORDING TO HAYWARD

(From: Hayward, 1972)

The minimum value of the TMTC measure for a near miss, Hay-
ward continues, would be the driver's perception time plus
reaction time. This time is the time required for the driver
to perceive the imminent danger of collision and to decide a
course of action and implement it plus the time needed for
the vehicle to respond to the drivers command in order to
avoid a collision. If the TMTC value drops below this level,
Hayward states, a crash will occur because there is not
enough time for avoidance. A numerical value of the minimum
TMTC measure would be approximately 0.5 seconds, Hayward
supposes in referring to data of braking reaction time given

elsewhere.
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Unfortunately Hayward was only able to carry out one small
field study. One intersection was studied during 9 hours. 90
sequences were filmed, but only 43 were possible to analyze.
38 sequences were producing curves with minimum TMTC-values.
These values are shown in table 3.2.

TABLE 3.2 MINIMUM TMTC VALUES IN HAYWARD'S STUDY
Conflict TMTC Type Conflict TMTC Type
nu (Minimum) nu (Minimum)

sec sec
1 0.20 Rear-end 20 1.30 Lane-change
2 0.30 Lane-change 21 1.35 Cut off
3 0.35 Right-of-way 22 1.40 Lane-change
4 0.40 Lane-change 23 1.45 Lane-change
5 0.45 Lane~change 24 1.50 Right-of-way
6 0.55 Lane-change 25 1.75 Cut off
7 0.60 Lane-change 26 1.80 Cut off
8 0.65 Lane-change 27 2.00 Lane-change
9 0.70 cut off 28 2.00 Rear-end
10 0.80 Rear-end 29 2.15 Rear-end
11 0.80 Cut off 30 2.25 Lane-change
12 0.80 Rear-end 31 2.25 Broadside
13 0.90 Cut off 32 2.35 Lane-change
14 0.90 Rear-end 33 2.40 Lane-change
15 0.95 Lane-change 34 2.55 Right-of-way
16 1.15 Cut off 35 2.55 Rear-end
17 1.15 Rear-end 36 2.80 Lane-change
18 1.20 Cut off 37 3.40 Lane-change
19 1.25 Cut off 38 3.95 Cut off
From: Hayward, 1972

In the following graph

from Hayward's results is presented.

(figure 3.5) a typical TMTC curve
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In the graph in figure 3.5 the moment when avoiding action by
one of the road-users starts is point A. Thus braking reac-
tion is undertaken before this point. From point A on, the
curve is becoming concave. The shape of this curve will
depend on the type of manoeuvre and the intensity of the
manoeuvre.

It is strange that Hayward includes reaction time in the
minimum TMTC that is required to avoid a collision. As long
as TMTC is > 0 then there is no collision. Thus the only
requirement is that min TMTC>O.

Hayward's choice of a minimum value of 0.5 seconds is not
clear, especially as he presents empirical values of 0.2
seconds.

I will present a theoretical example that illustrates the
problem:

A vehicle is approaching another one which is standing still.
The speed is 54 km/h corresponding to 15 meters/second. The
driver starts braking d.4 R £ .2 Far ...th

]

TMTC is then calculated as follows:

a * t2
do - vy Tt + 2
T™™TC =
Vg - @ t
a = acceleration '
dg = distance to the collision point when evasive action starts
Vo T approaching speed, i.e. just before " "
t™ = running time, t = o when evasive action starts

In this case:

6,9 * t2
16,5 - 15t +
2
TMTC =
15 - 6.9 t
t 0 0.5 1.0 1.5 1.75 2.0 2.1
TMTC 1.1 0.85 0.61 0.37 0.26 0.18 0.24

The graph is shown in figure 3.6.
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Time measured
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FIGURE 3.6 THEORETICAL EXAMPLE ILLUSTRATING A CONFLICT WITH A
MINIMUM TMTC OF 0.18 SECONDS.

In the example, the minimum TMTC is 0.18 seconds at a remain-
ing distance to the collision point of 0.12 meters. Thus it
is now obvious that the minimum TMTC may very well go towards
zero when the minimum distance to the collision point is
going towards zero. It is therefore obvious that it does not
exist a minimum TMTC dependent on the braking reaction time
as Hayward claims. This is however, of minor importance, the
major thing is that Hayward presented an approach to severity
scaling and a technique that produced results which gave a
lot of insight into the whole area of traffic conflicts.
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3.5 Definition of a serious conflict

In section 3.4 the two main issues to consider, when develop-
ing a definition of a serious conflict, were phrased. They
are as follows:
1) A method for severity rating has to be defined
2) Threshold level between slight conflicts and
serious conflicts has to be defined
3.5.1 Method for severity rating
Three main ways of rating the severity are mentioned before:
- Distance in space, to collision point
- Distance in time, to collision point

- Deceleration power needed to avoid an accident.

Various problems of both theoretical and practical nature
were experienced,when the method were to be defined:

Distance in space creates problems for some various reasons:

- A small distance may be linked to a low speed thus
creating a very low accident-potential.

- A hazardous situation could be solved with still rather
ample distance between the road-users. It could then be
continued by the road-users passing each other on very
small distance when leaving "the scene". The question
then is what distance measure should be used and how
should different measures be interpreted? (Longitu-
dinal versus lateral distance, for example).

One example illustrates the problems:

Let us assume that there are two conflicts, both
involving two cars on perpendicular courses. In
both conflicts the minimum distance is two meters.
In the first of the two conflicts a car driver is
emergency braking in front of a car that is stand-
ing still. The car comes to a complete stop two
meters from the other car. In the other conflict
two cars on a perpendicular course are passing each
other on a smallest distance of two meters. The two
conflicts are, even though the minimum distance is
two meters in both cases, completely different in
nature.

Deceleration also creates problems:

- A certain deceleration power could be linked with any
distance (in space or time). The accident potential could
therefore not be easily defined unless the deceleration
is related to speed or distance.
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- A conflict where swerving is the only evasive manoeuvre
can not be defined at all with regard to the degree of
deceleration.

Thus none of the two measures seem to be very useful indivi-
dually as indicators of the degree of severity. They have to
be linked with other variables. Then, however, recording
complexity increases. Besides, recording of deceleration
power is complex as such and needs sophisticated hardware to
be properly recorded.

Distance in time partly reflects both distance in space,

speed of the road-user and deceleration power, or swerving
capability, needed to avoid an accident. A low time value
either indicates a short distance to the collision point or
high speed, or both. Although a small distance in time can be
linked to a low speed, thus creating a low accident-poten-

tial, this type of situation seemed to be rather rare and

easy to discriminate from other events holding a low time-value.

We decided at an early stage that we wanted to use one single
measure, not to make recording and interpretation of the
results too complex. One reason for this was that we hoped
that the developed technique could fulfill a purpose not only
for researchers but also for practitioners. In the latter
case the demand for simplicity in the application of the
technique was considered very important.

In the choice between individual measures we were convinced
that the time measure was the most general one and that it
would produce the most relevant severity ratings for the most
events compared to the other measures.

Once the time measure was selected, the next step was to

decide which time measure to use. Hayward's approach, Time
Measured To Collision, continously calculated from the ap-
proach till the conflict was solved, was quite interesting.

There was, however, hesitation with regard to this approach
for some reasons:

- The recording technique was, even though challenging,
too complicated to allow any kind of general use of the
technique. This implied high costs for implementation
and still, the reliability of the recording technique
was not clear. Neither was the validity, which means
that it was difficult to judge whether this expensive
technique produced more valuable results than a less
complex one.

- It was not clear from Hayward's results in what way
the whole TMTC-graph was of interest. Hayward himself
primarily used one value, namely the minimum TMTC. In
that case one might ask if this value could not be
obtained in some other way, for instance by judgments
from trained observers in the field. It is a pity that
Hayward did not elaborate more on the potential use of
the TMTC-graphs. The graphs contained more information
than was used by him. To start with, the shape of the
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curve preceding the minimum value could be combined
with the minimum value. It would then reveal the
character of the evasive manoeuvre that preceded the
specific minimum value. Was for instance the manoeuvre
sudden and/or hard? It seems obvious that this exten-
ded knowledge about the conflict would increase the
possibility of estimating its accident potential. Even
though we did not consider the use of such a sophisti-
cated technique as Hayward's it was a pity that he did
not elaborate his technique more. Such work might well
have given indications of the potential of alternative
approaches.

There is, however, another approach that raised our
interest. From Hayward's graphs it is possible to find
out at what TMTC-value the road-user started to take
evasive action. Based on the fact that serious con-
flicts would reflect break-downs in the interaction
between two road-users, we concluded that the TMTC-
value mentioned above represents the time margin to a
collision when a road-user has detected the danger and
started on an evasive manoeuvre as quickly as possible.
This time value would represent a "true" value which
could not be manipulated by the road-user: If for in-
stance the detection had occurred at an earlier stage
the road-user would not deliberately increase the
danger by postponing the evasive action till it would
be classified as a serious conflict.

This specific TMTC-value consequently represented the
(best) available time margin to avoid a collision.

Thus the smaller the margin was, the more difficult it
would be to avoid a collision and the higher the acci-
dent potential. This would at least be true as long as
the events were homogenized, for instance with regard
to what kind of evasive manoeuvre he performed and what
speed was prior to the manoceuvre.

Based on the above mentioned arguments we felt that
the TMTC-value, in the moment evasive action is just
started, represented an excellent way of classifying
conflicts with regard to their severity. Besides we
believed that, due to the character of serious con-
flicts, the moment when evasive action is started
would be easily recognizable.

This specific TMTC-value, or Time To Collision value

as I will call it from now on, was, therefore, selected
as our first approach to the severity rating of conflicts.
It was from that point on defined as the "Time to Ac-
cident"-value (TA). :

DEFINITION OF CONFLICT-SEVERITY (FIRST APPROACH):

THE SEVERITY OF A CONFLICT IS DEFINED BY ITS TIME TO
ACCIDENT (TA)-VALUE. THE TA-VALUE I8 THE TIME THAT
REMAINS TO AN ACCIDENT IN THE MOMENT WHEN EVASIVE ACTION
HAS JUST STARTED, PRESUPPOSED THAT THE ROAD-USERS
CONTINUED WITH UNCHANGED SPEEDS AND DIRECTIONS.
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It was presupposed at that time that if both road-
users took evasive action, the TA-value of the road-
user that produced the highest TA-value defined the
severity.

It is to be observed that this definition presupposes
a collision course, i.e. that the two road-users would
have collided if their speeds and directions had been
kept unchanged. It was, for instance, not considered
necessary at that time to include near-misses, i.e.
events where no collision course was present. Later

on near-misses were brought up by other researchers as
a potential measure for severity rating of conflicts.
It was then considered even by us. Comments on this
are found in various statements later on in the report.

3.5.2 Choice of threshold level between slight conflicts and
serious conflicts

Once the technique of measuring the degree of severity
through the TA-value was settled, the next step was to decide
what degree of seriousness did define the threshold level
between slight conflicts and serious conflicts.

In a first phase, video-tapings were carried out at urban
intersections. The aim was to study the interaction between
road-users generally, and to try and estimate the Time to
Accident in conflicts. This was made through estimation of
speeds and distances from video-taped situations.

The non-systematic observing through video produced the fol-
lowing main comments:

1) Normally there was a very distinct relation between the
action observed and the TA-value. The lower the TA-value was,
the more sudden and harsh was the action.

2) Some road-users, most often professional drivers, some-
times tended not to take any evasive action until "the very
last moment". A typical situation of that kind was a driver
approaching a pedestrian. Instead of braking once he had de-
tected the conflict he went on with the anticipated wish that
instead the pedestrian would perform the evasive action. If
the pedestrian did not do so, there was still enough time for
him, to start braking. One obvious reason behind these dri-
ver's way of behaving is, of course, to keep up speed and to
reduce the delay as much as possible.

There seemed to be a lower limit for when action at "the last
moment" took place. This limit seemed to be around 1.5 se-
conds in the sequences observed.

It was obvious at the same time, however, that this lower
limit was speed dependent. This is clearly indicated in
figure 3.7 where two conflicts with different initial speeds,
but the same TA-value, produce very different final time
margins.
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FIGURE 3.7 TTC-GRAPHS FOR TWO DIFFERENT VALUES ON INITIAL
SPEED WITH TIME TO ACCIDENT = 1.5 SECONDS.

In spite of the speed dependent time margins, it was consi-

dered at this stage that the speeds observed at urban inter-
sections were homogeneous enough to allow the choice of one

single value on the lower time-limit.

3) Conflicts with TA-values above approximately 3 seconds
became very hard to detect as they became part of the common
interacting pattern at the intersection.

4) The vast majority of events that involved an abnormal
increase in danger, as subjectively experienced by the obser-
ver, were events where a collision course was at hand. Thus,
if the road-users speeds and directions had been kept unchan-
ged there would have been a collision. Very rarely, an abnor-
mal increase of the experienced risk was due to other types
of events, like "close shaves" or whatever they may be cal-
led.

From this view-point it, therefore, seemed to be relevant to
include only events where a collision course was at hand. In-
depth studies of accidents would reveal whether accidents
were preceded by evasive action or not, and consequently if

a conflict definition based on the presence of a collision
course was relevant or not.
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3.5.3 Choice of first generation definition of a serious
conflict

Based on the aforementioned studies and mementos it was
decided that:

- One single severity class with regard to TA would do for
urban conditions, as long as speed variation was not too
great. This condition seemed to be fulfilled for the types
of junctions studied in the pilot phase.

- No special differentiation with regard to vehicle speeds
was considered necessary, with reference to what is said
above. It was, however,also clear that different speeds do
create different risks of producing injury and severe da-
mage. Thus if conflicts were going to reflect the serious-
ness of the accident as well, then speed of the vehicles
involved would probably be even more important. There are,
however, other factors that will influence the severity of
the outcome of an accident as well. The most important
ones are type of road-user involved, type of vehicle, ang-
le of collision and passive safety systems like safety
belt, helmet etc. It was quite clear that these factors
could not be included in the definition of the conflict.
Rather the influence of these factors had to be taken into
account in a second step. The serious conflicts, therefore,
must be looked on primarily as indicators of the risk of a
collision.

Considering all arguments presented so far in the report, a
great confidence was felt for the introduction of, from a
theoretical point of view, a very simple definition of a
serious conflict:

A SERIOUS CONFLICT OCCURS WHEN THE TIME TO ACCIDENT (TA) IS

EQUAL TO OR LESS THEN 1.5 SECONDS.

TA is calculated for both road-users involved and the cal-
culation starts at the moment they begin acting to avoid the
accident. The highest TA-value is selected as bearer of the
greatest time margin, as the relevant TA-value for the con-
flict in question.

Each conflict directly involves two road-users - neither more
nor less. Single vehicle/road-user conflicts were neglected
at this stage, even though they could be treated in a similar
way as the conflicts involving two road-users. Conflicts
involving more than two road-users were treated as a number
of different conflicts involving two road-users each. If an
accident occurs that involves more than two road-users this
can also be split into a number of accidents involving two
road-users only. (A completely different thing is that the
"second" accident may be caused by the "first" one.)

The definition is general in the sense that it can be used
for any type of interaction between road-users, no matter
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what type of road-users were involved or what manoeuvres were
preceding the conflict.

One exception from the generalization was made, however:
- Due to the expected infrequency of certain road-user
combinations it was decided that one of the road-users
involved had to be a motor-vehicle.
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RECORDING OF SERIOUS CONFLICTS

Choice of recording technigque

There were two main ways of collecting data:

A.

Indoor recording by human observers, from film or video.

To start with, a comparison between film and video was,
from our point of view, completely to the favour of video.
As films could not be reused, we considered that filming
continously, looking for a few conflicts per hour, (that
was what we anticipated after our pilot-studies) would not
be possible financially. Even though the quality of filmed
sequences was higher than with video, we still thought
that the quality of video-taping was suitable for our
purposes.

The early video-tapings that were made in the pilot-
phase when we looked for potential definitions of serious
conflicts, gave us a lot of experience in the use of
video. To start with, we found some obvious advantages in
using video compared to the use of human observers on the
ground:

- The play-back facility made it possible to review con-
flicts until all information of interest was collected.
Sometimes this was very advantageous, especially when
the complexity was high or when the sequence had a very
short duration.

- Video makes it possible for many persons to watch the
same sequences under the same conditions together, thus
enabling discussions to take place. Besides, conditions
are more agreeable than what is normally the case out-
doors. Video could also be used for documentary purposes,
discussion of safety problems, etc.

- We felt that there was a great potential in video due to
a foreseen development of semi- and fully automatic sy-
stems for detection of movements, incl. conflicts. Such
systems might contribute both to more cost-effective col-
lecting and analyzing of data and to higher reliability.

The use of video however, also had some disadvantages:

- The camera has to be mounted high and at some distance
from the observation area so that an overview is given
and so that the view is obscured as little as possible.
This fact makes the use of video fairly complicated:
Camera positions have to be planned in advance, permis-
sion to get access to localities is needed (often flats
or offices), all equipment has to be transported, the
camera has to be mounted in queer positions, electricity
has to be provided etc. All this makes video-tapings
non-flexible and adds costs.
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The area covered by one camera is normally limited. For
instance only parts of an intersection can normally be
covered. The use of two or more cameras increases the
complexity quite a lot and it increases costs for the
recording quite considerably.

Video-tapings are static by nature. Thus the camera can
not be moved instantaneously if sight is obscured i.e. by
a big lorry etc.

Video-tapings can only partly reflect "real life".
Audible transmittance is (still) very different from real
life and road-user reactions, etc. can not be detected
from a video. Besides, perspectives are differently
transformed on the screen, etc.

Personnel is required both for the taping and for the
analysis carried out afterwards. (Due to Swedish law a
video-taping has to be supervised by a person close

to the camera).

outdoor recording by human observers on ground-level

The use of human observers for ground level observation was
practised in the earlier mentioned studies in the cities
of Lund and Uppsala. (PLANFOR 1972, 1973). Based on this
experience we felt that this technique had the following

advantages:

The technique can be simple in use with relatively low
costs, as long as recordings can be made by one or two
observers per location and as long as the observers can
use data-sheets for written records.

The technique is flexible from many view-points. For in-
stance, the organisation of studies is easy to carry out
and to change, as the observer demands very short time
for preparation. Changes in the format of written
records can also be easily adopted.

Observations made in the field, "close to the scene" give
excellent opportunities to experience "the reality of
conflicts". Cues, such as audible indications and commu-
nication between road-users can be included in the eva-
luation of events. Due to the simple technique, the ob-
server can always move around so that he has the best
overview depending on actual traffic volumes, light con-
ditions, etc.

The use of human observers had the following disadvantages,
we felt:

The reliability of the records is crucial. To record
conflicts demands a high degree of alertness combined
with the skill to record data from complex events retro-
spectively.

- The observer(s) might be too conspicuous at certain
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locations/occasions. This might influence the behaviour
of road-users.

- Bad weather conditions might have a negative influence
on the observer's abilities. It might even limit the
possible use of the technique.

- Air and noise pollution might create health problems for
the observers.

- Low frequency situations might be too expensive to cover
with regard to the outcome. (It would, however, be due to
the aims of the study).

I mentioned earlier that we wanted to develop a technique
that could be widely used, not only in research but also in
practical applications. Criteria such as low-costs, flexibi-
lity, simplicity were then considered important.

In this perspective video-tapings were ruled out for use
on a routine basis. The conclusion was, therefore, that a
technique for recording by human observers in the field
had to be developed. The disadvantages with such a tech-
nique had to be minimized so that the reliability of the
technique could be acceptable.

While video was omitted for making regular recordings, we
felt that it had many more benefits for the training of
human observers. We decided therefore to apply video for
this purpose.

Development of a data-sheet for ground-level obser-
vers

The data-sheet for recording of conflicts in the field had to
be simple to fill in so that time-consumption was minimized.
It also had to be logical in its structure for the same
reason. In addition, it had to be logical so that the risk of
misinterpretations was minimized.

A simple data-sheet was also essential from the point of view
of observer's conspicuousness. The less conspicuous the obser-
ver, the smaller the risk that the behaviour of road-users
would be influenced.

Figure 4.1 shows the original data-sheet that was developed
on the grounds mentioned above.
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Location No: & Location:J -—‘»D}AKNEGATAN Climate: CLOUDYI
Date: #505/2 BALTZAR GATAN RAIN WET RoAD
Time: 1600 - 1830 N B3
confl. Description of the conflict situation Sketch of the involved
sit. no.
1 CLASS: 2 PRIMARY INVOLVED: C-C
SHORT DESCRIPTION OF COURSE OF EVENTS:
TIME: | AGE: | 1 SWUNG OUT BE#IND 3 WHICH
lo 05 BLOCKED THE VIEW OF 2. BOTH CARS
5"5352: BRAKED AT A SHORT DISTANCE
X
cLass: 1 PRIMARY INVOLVED: C-C

SHORT DESCRIPTION OF COURSE OF EVENTS:

TI:E’S AGE: | 4 BRAKES 7O ALLOW PEZDESTRIANS
SPEED TO (208s CONFLCT BETWEEN
30 1 AND 2. 2 BRAKED LATE

~

CLAsSS: £

3 PRIMARY INVOLVED: C-C i s
SHORT DESCRIPTION OF COURSE OF EVENTS: —
TIME AGE: 1, A TRUCK REAISES Tei 1
o4 NTIR SECT ON FASTER TmAN L
SPEED: 9 HAD EXDECTED
| %
4 CLAss: 1 PRIMARY INVOLVED: C -P i —®
SHORT DESCRIPTION OF COURSE OF EVENTS: ‘\%\_
TIME: AGE: T LETS Q@ CROSS. 1 WHO (CMES i3
651 AROUND THE CORNER DOESN'T
SPEED: SEE @ BEFORE HE COMES INTO
20 VIEW FROM BERIND 3
2 AND 1 BRAKE UICKLY — r———-—-
? : X
5 cLass: R PRIMARY INVOLVED: C-C '
SHORT oalsjcmrw BFC,CPXFES% Q‘f:’AEVENTéO
TIME AGE: COMPLETE THE s
|3 04 TURN AND STOPS AT AN ANGLE
SPEED: OVER R=-LANE. 2 THEN COMES \
25 AROUND THE CORNER AND IS
FORCED TO STOP BY THE
UNEXPECTED OBSTRUCTION. X
FIGURE 4.1 ORIGINAL DATA SHEET FOR THE RECORDING OF

SERIOUS CONFLICTS.
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Some comments and explanations have to be made regarding the
data sheet:

Class: As it was made clear already at this stage that both
the Time to Accident (TA) value and the initial speed
of the road-users were linked to the severity of a
conflict, it was decided that a four class scale based
on TA and speed should be introduced so as to make
more detailed analysis possible. The initial speed and
TA-values that are filled in are those of the road-user
who has the highest TA-value. As the relationship be-
tween conflict severity, "speed" and "TA" was not
known, the ranking of the four classes with regard to
severity had to be tentative. This was especially true
for the ranking of class 2 and class 3.

Class 1: Speed < 35 km/h, 1.0 < TA < 1.5 sec

Class 2: " < 35 km/h, TA < 1.0 sec
Class 3: " > 35 km/h, 1.0 < TA < 1.5 sec
Class 4: " > 35 km/h, TA < 1.0 sec
Speed: Initial speed of the motor-vehicle with the highest
speed.
Age: Estimated age of unprotected road-users

Primarily Always two road-users; those two that would have

involved: collided if they had continued without change of speed
or direction. Any other road-user that would have been
involved, for instance by being the initiator of the
conflict,is called a secondarily involved road-user.
This is referred to in the description of the event.

Short description of course of events:

Here, any information should be added that cannot be read out
by the sketch, and which could add something to the understan-
ding of what did happen and why. Hypotheses on the causes of
events are accepted, as long as there is information as to
what the hypotheses are based on. (Example; Driver 1 did not
see the pedestrian in time because he was looking at an
oncoming car from the right).

The data sheet was found to fulfill all important criteria
while in use during the first years. The demands for further
information on each conflict, however, increased gradually
and the original data-sheet was changed to another one where
each conflict was recorded on a separate data-sheet. One of
the things that was made possible, thanks to this, was the
introduction of a scale-proof sketch of the actual intersec-
tion studied. This soon began to be demanded from observers
as geometry varied quite a lot between intersections and it
was not satisfactory to use a standardized graph of one
intersection on all occasions.
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4.3 The development of a training procedure for human
observers

4.3.1 Principles for training.

Training was, from the very beginning, based on the assump-
tion that estimation of time margins is made continously by
all road-users, thus making it part of a normal driving or
walking procedure. Road-users make all the adjustments of
speed and direction of travel due to these estimations of
time margins. The smaller the time margin is, the more sudden
and harsh the action has to be. Of course there is a varia-
tion with regard to individual attitudes and capabilities,
but the closer to an accident the more homogeneous the action
will be, especially in the initial stage of the avoiding
action, which is the part of the action we have selected for
our definition.

our definition of a serious conflict is based on the assump-
tion that "the last moment of safe action"is passed when Time
to Accident is equal to or less than 1.5 seconds. This im-
plies that it should be easy to discriminate a serious con-
flict from slight conflicts, as the road-user in the first
case has to make a sudden and very distinct manoeuvre.

The above mentioned arguments were used to formulate the
following hypothesis:

TRAINING OF OBSERVERS IN ESTIMATING "TIME TO ACCIDENT" CAN BE
BASED ON ESTIMATIONS OF THE SUDDENESS AND HARSHNESS IN THE
OBSERVED ACTIONS.

4,3.2 Original training procedure

In the initial stage of training, the potential observers
watch video-taped conflicts with varying TA-values, above

and below the border-line of 1.5 seconds. Conflicts involving
different types of road-users and different types of inter-
sections are included in this first section. The main aim is
to link a certain "Time to Accident" to a certain level of
suddenness and harshness and, especially, to distinguish be-
tween serious and non-serious conflicts. In conflicts that
are close to the border line, the observers are trained first
to make the ordinary judgment of "Time to Accident" and then
in a second step to estimate speeds and distances and in that
way obtain a second estimate of the "Time to Accident"
through calculations. The amount of agreement will determine
whether the conflict will be considered serious or not.

A training-period is five days long and has the following
structure:




Day 1 Before noon

Afternoon

Day 2 Before noon

Afternoon

Day 3 Before noon

Day 4 Before noon

Afternoon

Day 5 Before noon

Afternoon
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Introduction, theory including examples
from edited video-tapes.

Training from video, test from video.

Outdoor training

1) Instructions with regard to
positioning, scanning technique,
written record making, etc.

2) Common training session where conflicts
are discussed and the records are
immediately compared.

Individual observation outdoors.
Simultaneous video taping.

Comparison of results indoors. Each
conflict detected by any (potential)
observer is checked on the video and also
scored from the video by an experienced
observer. Results are summarized and
conclusions are drawn according to each
individual's present reliability.

Comparison of results indoors (As Day 3 -
Before noon). "Refreshment" by going
through the written records of conflicts
one more time.

Reliability test, outdoors. Simultaneous
video-taping. (Individual records on
a routine basis).

Results of the reliability test. Indoor
session where individual results are
compared to results from video. Each
observer's result is summed up and
conclusions are drawn with regard to the
status of each.

Closing session. Enquete to all
participants. Discussions.

The optimal number of trainees is 8-10 persons. The sessions
could then be run by two persons, one mainly responsible for
the video sessions (taping and play-backs including scoring
from video) and one person responsible for everything else.
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4.4 Tests of observer reliability

4.4.1 Original tests

Two studies were originally carried out in order to study the
external reliability of observers. The external reliability
concerns the ability of observers to discriminate serious
conflicts from other events in the same way among themselves
and in accordance with the objective criteria (TA < 1.5 sec).

The studies were designed in the following way:

- The trainees were making conflict-studies at the same
location - at the same time but independently of each other.
Simultaneously video tapings that covered the same
observation area were carried out for the whole session.

- The video tapes were evaluated and serious conflicts
were discerned by an experienced observer.

- Each event scored by an observer or from the video was
included. Comparison of scores was made.

In order to assure that the comparisons were relevant, i.e.
that each event was given the same unique identity by each
observer and the video evaluation, two steps were taken:

1) The exact time of each event was recorded by the observer
and on the video.

2) The observers recorded the type of road-users involved
and their direction of travel.

The first study of the external reliability of observers was
carried out in the city of Malmdé in May 1974. Five observers
were tested. Detailed results are found in appendix 4.1.

The results are summarized in table 4.1.

TABLE 4.1 SUMMARY OF THE FIRST RELIABILITY TEST
Observer A E H J M Total
Number of serious 8 8 8 8 8 40
conflicts to be

scored

Number of serious 7 7 8 8 6 36 (90%)

conflicts actually
scored as serious

Number of non-serious 0 2 0 0 0 2
conflicts actually
scored as serious
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A second test was carried out in May 1975. Seven observers
were then involved, trained on three different occasions.

The detailed results are shown in appendix 4.2 and summarized
in table 4.2.

TABLE 4.2 SUMMARY OF THE SECOND RELIABILITY TEST

Observer L H M T P J R Total
Number of serious 5 5 5 5 5 5 35
conflicts to be

scored

Number of serious 5 3 3 4 5 5 5 30 (86%)
conflicts actually

scored as serious

Number of non- 0 1 1 0 0 0 0 2

serious conflicts
actually scored
as serious

The two tests produced very similar results. The primary
conclusions were:

- On the whole there were very few missed serious conflicts.
only between 10% and 14% of the scores that should be
made were missed.

- Very few events were scored as serious conflicts without
being so. Only 4 'extra'-scorings were made compared to
75 relevant conflict-scorings (5%). Besides, the "extra"
scorings made the number of serious conflicts scored by
the observers closer to the real number. Thus, if 'the
extra' scorings represent similar conflicts as those
that were missed, then they could (partly) compensate
for the missed conflicts. Due to small numbers, however,
the possible compensation effect can not be studied.

The main conclusion regarding 'the extra' scorings is that it
is a very small number and they can therefore not create any
noteworthy turbulence in the results, even if they cannot
compensate for any missed conflicts.

The four-class scale for an internal classifying of serious
conflicts with regard to the degree of seriousness introduced
at the training of observers, (see section 4.2), was not used
in the following validation studies. The test results with
regard to this were therefore not considered as important.
Still, it can be seen from Appendices 4.1 and 4.2 that only
11 out of 66 scores, corresponding to 17%, were given the
wrong degree of severity. Even this result must be considered
as encouraging. It emphasized the impression that observers
may well estimate both "TA" and "Speed".
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4.4.2 Indirect tests of the variance in day-to-day counts
of serious conflicts

Oon quite a few occasions studies have been carried out at the
same locations during two or more days. This enables the
calculation of the variance in day-to-day conflict counts. It
makes it also possible to discuss the reliability of obser-
vers. If we presuppose, namely, that conflicts are rare
events that occur at random, then the number of conflicts at
a specific location is Poisson-distributed. If we also pre-
suppose that traffic volumes, light conditions, etc were
approx the same during different days at the same location
then the number of conflicts during different days at the
same location also follows a Poisson-distribution. It then
follows that the variance in day-to-day counts should be
equal to the mean.

In table 4.3 the results from a number of conflict studies
are presented. They all fulfill the above mentioned criteria
regarding (approx.) similar conditions during the different
counting days. Besides, different observers were counting on
different days, not informed of the result of any other
observer at the same location.

In figure 4.2 the individual means and variances are plotted
and in figure 4.3 are two days of conflict counts compared.




TABLE

THE NUMBER OF SERIOUS CONFLICTS DURING
DAYS AT THE SAME LOCATION.

4.3
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FIGURE 4.2 MEAN AND VARIANCE FOR DAY-TO-DAY COUNTS OF CON-
FLICTS.

FIGURE 4.3 COMPARISON OF TWO DAYS OF CONFLICT COUNTS.




59

One important result from table 4.3 and figure 4.2 is that
our variance-to-mean ratio is lower than 1.0, which should be
the value if the assumption of Poisson-distribution of the
daily conflict numbers were true. Our value of appr. 0.6
indicates that the distribution of daily conflicts at one
site is more regular than indicated by the Poisson-distri-
bution.

Hauer, 1978 has compared results from various countries. He
found that "the day-to-day variability in conflict counts is
larger than that implied by the Poisson distribution. This
may be attributed to changes in the expected conflict rate
from day-to-day and to the subjectivity of conflict identifi-
cation by observers."

In view of Hauer's conclusion it is somewhat difficult to

explain our low variability in day-to-day counts. In this
connection it should be noted again that the various obser-

vers involved in our studies at the same location were not infor-
med of the result of other observers at the same location.

In spite of Hauer's conclusion the first conclusion from
these results has to be that our day-to-day counts produce a
variance-to-mean ratio that is lower than 1.0, and the value
of 0.6 should therefore be used from henceforth on to de-
scribe the variance in our day-to-day counts.

The second conclusion has to do with observer reliability. It
seems obvious from the results that very little variability
is introduced through the subjective scorings by the obser-
vers. The comparison of means and variances clearly indicate
this. The comparison of two days of conflict counts illustra-
tes the same thing in a good way: The number of conflicts
scored one day was on average very similar to the number
scored the second day. Figure 4.3 shows that the regression
analysis gives a regression line which is very close to the
line for equal numbers. These results confirms the earlier
results about a high level of observer reliability.
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5 VALIDATION OF SERIOUS CONFLICTS AGAINST ACCIDENTS -
FIRST GENERATION APPROACH

5.1 Introduction

Validation of the serious conflicts against accidents is a
critical issue in order to be able to state if and how acci-
dents and serious conflicts are related. The term validity
may be understood in different ways:

- Process validity, i.e. to what extent conflicts may be used
for defining the 'process' that leads to accidents. Process
can for instance be understood as the chain of events/beha-
viours that precedes accidents. A validation in this case
must be based on some sort of theory that defines the
aforementioned process.

- pPredict validity, i.e. to what extent the number of con-
flicts can be used to forecast number of accidents. Hauer
and Garder (1986), have treated this problem. They state to
start with that "some will regard the TCT as valid if it
proves successful in predicting accidents; others will
judge validity by the statistical significance or the mag-
nitude of the correlation between conflicts and accidents".
There is a "semantic and conceptual confusion" as they
phrase it.

In order to overcome this they state that they "define sa-
fety of an entity to be the expected number of accidents
(by severity) occurring on the entity per unit of time"™.
Entity is defined as some part of the transportation sys-
tem, say an intersection. They continue: '"Thus when the
validity of the TCT is questioned, one is in fact asking
whether the estimate of the aforementioned expected value
is in some sense 'valid'".

It should be clear they say "that the performance of the
TCT cannot and should not be judged by its success in pre-
dicting future accidents. The number of accidents to occur
in the future can no more be predicted than the roll of a
die. The proper question to ask is: how good is the TCT in
estimating the expected number of accidents?

Safety can be estimated either directly, making use of re-
corded accidents, or indirectly using, for instance, conflict
studies. The technique to prefer is then generally the one
that produces the smallest variance.

This leads Hauer and Garder to the following operational
definition of what 'validity' means in their paper:

"A technique (method, device) for the estimation of safety is
tvalid' if it produces unbiased estimates the variance of
which is deemed to be satisfactory".

This first approach to the validation problem presented in
this chapter, was presented a bit more than ten years ago
(Hydén, 1976), thus long before Hauer and Garder presented
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their paper on predict validity. In principle, however, we

used a similar operational definition of 'validity' as Hauer
and Garder presented in their paper: We estimated accident-to-
conflict ratios for different 'entities' and we checked whether
these ratios were 'stable' and 'similar' by comparing the esti-
mates and their confidence intervals between subsets of data.

Some of the assumptions that were made were not in line with
those made by Hauer and Garder. This is one of the things

that will be commented on in chapter 6 where the whole original
technique is evaluated.

The work on validity presented up to that point had dealt
with predict validity. In chapter 7 I present a new approach
to the validity problem, which can be characterized as a
process validity study.

The presentation in this chapter of the original validation
work, section 5.2 - 5.9, is a reporting from the original
presentation (Hydén, 1976). The statistical design, partly
mentioned above, was made by a consultant.

5.2 Basic hypothesis and strateqgy

our general strategy was to collect accident data and con-
flict data from a number of intersections. Our primary aim
was to analyze data with regard to what variables accounted
for the variation in the relationship between serious con-
flicts and accidents. Data were then grouped with regard to
these variables. The basic hypothesis was then that: THERE IS
ONE REAL VALUE IN THE RELATIONSHIP BETWEEN SERIOUS CONFLICTS
AND ACCIDENTS FOR EACH GROUP.

The hypothesis was tested through a comparison of three sub-
sets of data. This split of data into three subsets was consi-
dered feasible with regard to the size of each subset. It

was also strategic to split data in this way. The following

is the operational description of the validation work:

Study Ia 50 intersections in Malmo were studied in 1974 to
differentiate which variables were important for
the relation between serious conflicts and accidents.
A first model was selected for this relationship.

Study Ib The same intersections were studied again in 1975.
The purpose was partly to study the stability of
the conflict frequency and partly to increase the
amount of data. A final model for the relation
between serious conflicts and accidents was selected.

Study II 15 new intersections in Malmé were studied in 1976
to clarify the stability of the model within the
same urban area.

Study III 50 intersections in Stockholm were studied in 1976
to study whether the stability of the model was
kept when the characteristics and size of the ur-
ban area were different.
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5.3 Data collection, principles and procedures

5.3.1 Recording of conflicts

Taking into consideration the varying traffic intensities
during the day, studies were made in four separate periods on
weekdays (excl Saturdays) as follows:

Period Time
1 09.00 - 11.30
2 11.30 - 13.00
3 13.00 - 16.00 (15.45 at some intersections)
4 16.00 (15.45) - 18.30 (18.15)

Each conflict study included all, or parts, of a time period.
Considering the relatively constant traffic intensity within
each period, a study during part of a period was considered
representative for the intensity of conflicts during the
entire time period.

All of the conflict studies have taken place sometime during
the period of april 15 - june 15 in order to keep conditions
as similar as possible so that comparisons were justified
without any doubt.

Table 5.1 shows the months and periods of the various studies.

TABLE 5.1 OBSERVATION PERIODS FOR CONFLICT STUDIES.

Studied part of period

Period 1 Period 2 Period 3 Period 4

09.30- 11.30- 13.00- 16.00-
11.30 13.00 16.00 18.30
Ia Malmé, 50 inter-
sections, May 0,2 0,7 0,2 0,7
1974 ;
May 1975 0,5 0,4 0,5 1,0
II. Malmdé, 15 inter-
sections, May 1,0 0,9 1,0 1,0
1976
III. Stockholm, 50 in- 1) 1)
tersections, May, 0,6 1,0 0,5 1,0
June 1976

1) 1,0 designates studies that lasted the entire period
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The observation area in each intersection is designated by an
imaginary line 5 meters outside the marked pedestrian cros-
sing, or, by a corresponding area where the pedestrian cros-
sing is not marked.

During periods 1, 2 and 3 one observer was used, except in
certain intersections in Stockholm where two observers were
considered necessary because of the traffic intensity. During
period 4 two observers were used, except in the first studies
during May 1974, where only one observer was used.

5.3.2 Traffic volume counts

In connection with the conflict studies, flow counts were
done in accordance with a procedure for determining the
probability of how many encounters may occur in different
situations. All car, bicycle/moped and pedestrian flows were
counted. One person carried out each series of counts. As one
person is not able to count all directions of flow at the
same time, the following method was used:

"The counter" divided the total number of flows into two or
three sections and counted each for five minutes. The minimum
requirement is that each flow must be counted twice during
each half hour - the counting should cover at least one third
of the total time. This procedure gives an error which is
small enough to be acceptable for this application. All the
traffic counts were carried out with special personnel. These
"counters" worked independently from the conflict observers.
The traffic counts covered the same time periods as the
conflict recording. In certain situations the goal of coun-
ting each flow one third of the total time could not be met.
This was due to lack of sufficient resources and the fact
that the conflict studies held higher priority than the
traffic counts. With regard to the fact that these counts
were aggregated in the analysis the reduced counts played a
very minor role in adding uncertainty.

5.3.3 Accident selection

To start with one must conclude that there is no individual
source of information that cover the majority of the traffic
accidents that occur. Police statistics in Sweden seem to
cover around one fifth of all damage-only accidents and half
of the injury accidents.

Theoretically, police statistics may be complemented by in-
surance or hospital statistics. The question remains, how-
ever, as to what degree these sources of information are
representative of the majority of traffic accidents, indivi-
dually or combined. Besides, the collecting of data other
than from the police would be a very time-consuming and
costly business.
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For the reasons mentioned above police-statistics became our
one source of information. Weighing between the two objec-
tives of having a large sample and having a non-biased samp-
le, we decided to exclude the damage-only accidents. The
statistics represented only a small part of the total damage-
only accidents and the risk of biased samples was considered
high.

The accident sample was therefore defined as follows:

ACCIDENTS ARE IN THIS VALIDATION STUDY EQUAL TO POLICE-
REPORTED INJURY ACCIDENTS

Regarding the bias of this sample, we found that the repor-
ting-rate was fairly similar among the types of intersections
that were included (Semi-central and central urban intersec-
tions).

For the comparison with conflicts, only the police reported
injury accidents that occurred during time periods covered by
the conflict studies were included, i. e. week days, (except
Saturdays) 09.00 - 18.30. A division into four periods was
made corresponding to the conflict studie's time divisions.
Accidents on roads covered with ice are not included.

To be able to carry out a test on the relationship between
serious conflicts and all police reported accidents, damage-
only accidents for the first 50 studied intersections were
also collected with reference to the principles that have
been previously described for injury accidents.

For the three different studies accidents for the following
years were collected:

For the 50 Malmo intersections: 7 years (1968-74).

For the following 15 intersections in Malmé: 8 years (1968-
75) .

In Stockholm: 7 years (1970-76).

5.3.4 Selection of intersections.

As was shown earlier, the comparative analyses are based on
studies in a total of 115 intersections in three steps:

I. Malmdé, 50 intersections
II. Malmdé, 15 intersections (different from (I) )
III. Stockholm, 50 intersections.

The intersections were randomly chosen among all the inter-
sections in the two cities. The following secondary condi-
tions have been applied:

1. No change in the intersection design, that may have lead
to any significant influence on the safety, may have
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occurred during the accident analysis period.

2. The change in traffic volumes must be considered
"normal", i e the traffic in the intersection may
not have been influenced by any additional traffic
regulatory devices.

3. The traffic intensity in the intersection may not be
"too low" with reference to the conflict-respective
accident- intensity. The sum of the approaching vehicles
in the intersection has to be greater than 10.000 per
ADT, where there are at least 2.000 in the approach with
the least traffic. In addition, the pedestrian and
bicycle/moped traffic must also exist "in a certain mini-
mum amount". (No absolute figures were given because
there were no counts available).

All of the intersections have been classified and grouped as
follows:

1. Low speed intersection (non-signalized intersection with
a median speed of crossing motor vehicles - in the
direction where the speed is the highest - below 30
km/h)

2. High speed intersection (non signalized intersection with

a median speed in at least one flow exceeding 30 km/h)

3. Signalized intersection

For the first 50 Malmé-intersections, data has also been col-
lected regarding the physical design of the intersections,
i.e. traffic islands, pedestrian crossings and sight distan-
ces.

For the random selection of the 65 intersections in Malmo, a
list was made of all the intersections in Malmé with at least
one police-reported accident including damage-only during the
period 1968-74 was used.

The selection was a little biased, as some of the intersec-
tions which had by chance not had any accidents during the
chosen period, were not included in the 1list. This implies a
regression to the mean effect, i.e. the average number of
accidents that have occurred in the selected intersections
may be bigger than the expected number of accidents. A sample
test, however, among all intersections in Malmé showed that
out of 100 randomly selected intersections which met the
required traffic flow criteria, at least 96 were within the
selection's limits. Besides the importance of the bias in
selecting is minimized when considering the fact that there
were a fair number of intersections (approx 20%) where no
injury accidents were reported during the period of study for
the 596 intersections involved.

The 50 intersections in Stockholm were selected from a list
of the 300 most accident-prone intersections during the last
five years. This list also included property damage acci-
dents. Because of this, the list included a number of inter-
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sections that had no injury accidents whatsoever. For the
same reasons as glven for the Malm® intersections, this
selection criteria must be considered acceptable.

For the classification of non-signalized intersections in
high-respectively low-speed intersections, a primarily sub-
jective judging was done. In uncertain cases and for control
reasons, special speed recordings were carried out in 11
Stockholm intersections and 11 Malmé intersections.

In table 5.2 the results of the speed recordings are com-
piled.

TABLE 5.2 RESULTS OF SPEED RECORDINGS

Intersection Median 85-per- Speed
{km/h) centile class
{km/h)
STOCKHOLM:
Birger Jarlsgatan - Ingemarsgatan 46 53 High
Vdstberga Allé - Vretenborgsvdgen 49 57 High
Vistberga Allé - Karusellvdgen 48 58 High
Upplandsgatan - Kungstensgatan 35 44 High
Tegnérgatan -~ Vdstmannagatan 32 41 High
vdstmannagatan - Radmansgatan 35 43 High
Vanadisvdgen - Upplandsgatan 35 43 High
Rosenlundsgatan - Maria Bangata 4z 52 High
Kontrollvdgen - Juvelerarvdgen 44 53 High
Telefonvdgen - Mikrofonvdgen 41 48 High
Hisselbyvdgen - Vdrstagdrdsvdgen 34 41 High
MALMO:
Amiralsgatan - S&dra Promenaden 30 40 Low
S8dra Férstadsgatan - Storgatan 26 36 Low
Ystadgatan - Claesgatan 18 30 Low
Ostra Tullgatan - Stora Tréddgdrdsg 25 38 Low
Ostra Fdrstadsgatan - Exercisgatan 17 37 Low
Djdknegatan - Snapperupsgatan 20 39 Low
S6dra F8rstadsgatan - Smedjegatan 24 37 Low
Ldnngatan - N Grdngesbergsgatan 7 55 High
Lantmannagatan - Norbergsgatan 3 59 High
Sallerupsvdgen - Zenithgatan 38 49 High
Bergsgatan - Mbllevdngsgatan 43 52 High
5.4 Selection of model for the conversion between conflicts

and accidents

5.4.1 Design of the analysis

The aim of this first analysis was to determine which variab-
les were the most important ones in explaining the variation
in accident to conflict ratios. For this purpose stepw1se
regre551on analysis was used on data from the 50 Malmo inter-
sections.
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Table 5.3 presents the variables that were tested.

TABLE 5.3 VARIABLES INTRODUCED IN THE FIRST STEPWISE
REGRESSION ANALYSIS

Variable Parameter value Coefficient Number of inter-
sections
Signal Signal controlled 0 12
Non-signalized,
low speed inters. 1 16
Non-signalized,
high speed inters. 2 22
Island No islands 0 5
Islands in some
apprcaches 1 45
Sight Good sight condit.
distance in all approaches 0 27

Poor sight condit.
in some approaches 1 23

Number of
accidents conflicts

Kind of Car - Pedestrian 1 127 247
road-user Car - Bicyclist 2 52 109
Car - Car 3 36 384
Car - Moped-rider 4 32 25
Time period 09.00 - 16.00 1 130 345
16.00 - 18.30 2 117 420
Direction Straight on 1 193 518
of travel Turning 2 54 247

Some comments on the variables introduced:

- Car includes private cars, lorries, buses, tractors
and motor-bikes

- Direction of travel is only relevant for the cars in-
volved. If two cars are involved "straight on", it
means that at least one car was going (or intended to
go) straight through the intersection. "Turning" means
fhat if two cars are involved, both cars made (or in-
tended to make) a turn at the intersection.

All of the variables have a discrete variation and the coef-
ficients often have no logical meaning. In spite of this,

it has been considered appropriate to use a computer program
in the first preliminary analysis for stepwise linear regres-
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sion. In this way, the ratio between the number of conflicts
per time period and the number of accidents per time period
have been the dependent variable, while the six variables
introduced in table 5.3 have been the independent ones.

It should be noted that the purpose of using the stepwise
regression is only to obtain a qualitative understanding of
whether the introduction of an independent variable reduces
the variation of the dependent variable. The procedure should
work for variables with only two possible values. It becomes
more doubtful for the variables which can have many values,
particularly when there is no reasonable order in the rela-
tion between the values.

In our case, all the variables but "kind of road-user" and
"signal" only have two values. Within the variable "kind of
road-user", no probable order can be expected. Even though a
variation is not shown at an early stage of the regression,
it doesn't mean that there is no variance reduction division
based on this variable. It only shows that no linear reduc-
tion based on the coefficients is effective.

Because of the extensive split of the data, the number of
accidents and conflicts is often low. In the case when any of
them is zero, the construction of the program made it neces-
sary to disregard that case from the rest of the data. This
has meant that more than half of the elementary cases have
been sorted out.

5.4.2 Results of the stepwise regression analysis.

The first regression analysis gave the following result (see
table 5.4)

TABLE 5.4 FIRST STEPWISE REGRESSION.
MALMO - 50 INTERSECTIONS.
ALL VARIABLES.

Step Inserted variablel) (Multiple cor- ;ncrgase Significance
relatign Soeffl— in R
cient) “ (R“)

1 Time period 0.036 0.036 -

2 Kind of road-user 0.066 0.030 -

3 Direction of travel 0.094 0.028 -

4 Sight distance 0.103 0.009 -

5 Signal 0.115 0.013 -

6 Island 0.120 0.005 -

1) Explained in table 5.3.
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The often small number of conflicts and accidents has led

to the great fluctuation in their ratios. This is probably
one of the reasons for the low correlation coefficient.
According to the table, none of the variables gives a signi-
ficant increase in the correlation coefficient.

One may observe that the variables that describe physical
layout and regulat%on of the intersections seem to have less
influence on the R“-value than the remaining ones. In the
second regression, therefore, no consideration has been given
to the physical variables. "Kind of road-user" is split into
four variables, namely pedestrian, bicycle, car and moped.
These variables are equal to 1 with actual kind of road-user
and equal to 0 otherwise.

TABLE 5.5 SECOND STEPWISE REGRESSION.
MAIMO - 50 INTERSECTIONS
PHYSICAL LAYOUT VARIABLES AND REGULATION ARE

EXCLUDED.

Step Inserted variable (Mulfiple cor-  Incrgase Significance
relatign Soeffl- in R
cient) © (R“)

1 Bicycle 0.110 0.110 -

2 Car 0.212 0.102 -

3 Time period 0.248 0.036 -

4 Pedestrian 0.254 0.006 -

5 Travel situation 0.257 0.003 -

The result shows that the kind of road-user seems to have a
large influence on the ratio. The multiple correlation coef-
ficient has now increased to 0.257, compared with 0.120 in
the first analysis.

Based on the theories behind this conflict technique, prima-
rily that serious conflicts defined similarly for different
kinds of road-users are related to police-reported injury-
accidents, it is logical that the kind of road-user influen-
ces the ratio between conflicts and accidents.

The speed of the road-users also seems to be important for
the ratio, both with regard to the probability that a con-
flict leads to a collision and that a collision leads to
injuries.

The two variables "signal" and "direction of travel” partly
reflect the speeds of the road-users involved, although pri-
marily for cars. In order to obtain more homogeneous classes
with regard to speed, the two variables were combined as
follows by table 5.6.
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TABLE 5.6 DEFINITION OF THE NEW VARIABLE "TRAFFIC CLASS"

All situations in low speed intersections
and situations in high speed intersections
with only turning cars involved

Traffic class 1

Situations in signalized intersections
with only turning cars involved

Traffic class 2

Traffic class 3 Situations in high speed intersections
with at least one straight forward going

car involved

Situations in signalized intersections
with at least one straight forward going
car involved

Traffic class 4

. A new regression analysis was made based on the new division
of variables.

TABLE 5.7 THIRD STEPWISE REGRESSION
MAIMO - 50 INTERSECTIONS
THE VARIABLE "TRAFFIC CLASS" INTRODUCED

Step Inserted variable (Multiple cor- Incrsase Significance
relatign Soeffi— in R
cient)“ (R“)

1 Car 0.310 0.310 -

2 Traffic class 1 0.536 0.226 -

3 Time period 0.542 0.007 -

4 Traffic class 4 0.549 0.007 -

5 Traffic class 2 0.551 0.002 -

The result from this regression analysis confirms that the
"kind of road-user" and "speed of the cars involved" seem to
have the greatest influence on the variation in the ratio
between conflicts and accidents. The multiple correlation
coefficient has increased considerably,from 0.257 to 0.551.

The correlation is however still relatively low. This is
probably due both to the limited data volume and to the
random selection variation both in the number of accidents
and conflicts, which is quite large.

It was at this stage considered that the stepwise regression
analysis had produced as much information as it could. It was
also believed that the variables describing the different




72

kin@s of road-users and the variable "traffic class" were
optimal with regard to the information and data volume avail-
able.

Regarding the results of the regressions, the relation be-
tween the number of observed conflicts per time period and
the number of accidents per time period should depend mainly
on variables for "the kind of road-user" and "speed". Figure
5.1 shows how this can be done graphically.

Car-Car Car-Bicycle Car-Pedestrian

Traffic class 1

Traffic class 2

Traffic class 3

Traffic class 4

FIGURE 5.1 SELECTION OF PARAMETER VALUES TO DESCRIBE ONE
RELATION BETWEEN CONFLICTS AND ACCIDENTS

Moped riders were omitted. This is because the number of
recorded conflicts and accidents is so small that no accep-
table validity can be expected.

5.4.3 Selection of a first conversion model.

Definition: CONVERSION FACTOR = NUMBER OF ACCIDENTS PER TIME
UNIT/NUMBER OF CONFLICTS PER TIME UNIT.

In appendices 5.1 and 5.2, accidents and conflicts for the
50 Malmdé intersections from the 1974 and 1975 studies are
listed. Data are split with regard to the variables "traffic
class" and "kind of road-user'. Besides, data are also split
with regard to the variable "time period". As this variable
in the stepwise regression analysis was not found to contri-
bute significantly to the variation in the ratio between
conflicts and accidents, the two time periods were combined.

Data from the two years 1974 and 1975 were also combined,
because the ratios between accidents and conflicts were very
similar. (Chi-square tests on the ratios 1974 and 1975 be-
tween number of accidents and number of conflicts showed no
significant difference (5% - level) in any single case out of
the 24).

The combined data for 1974 and 1975 are presented in table
5.8. In table 5.9, the first attempt with conversion factors
between serious conflicts and accidents are presented.
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TABLE 5.8 NUMBER OF ACCIDENTS AND CONFLICTS, AND TIME OF
OBSERVATION
MAIMO - 50 INTERSECTIONS, 1974 + 1975

. . 1
Traffic Number of accidents )/Number of conflictsz) Time of observation:

class ) Conflicts min
Car-Car Bicycle-Car Pedestrian-Car ( )

Accidentsl) (min)
1 5/191 13/53 27/156 29.9lx103/5.60x107
2 3/ 25 9/19 12/57 6.33x103/1.14x107
3 15/125 18/27 72/48 lO.39xlO3/2.28xlO7
4 13/ 82 12/12 15/ 4 6.33xlO3/l.l4xlO7
1) Data from the 1974 study
2) Data from the 1974 + 1975 studies
TABLE 5.9 FIRST ATTEMPT WITH CONVERSION FACTORS: THE RATIO

BETWEEN NUMBER OF ACCIDENTS PER TIME PERIOD AND
NUMBER OF CONFLICTS PER TIME PERIOD.
MAIMO - 50 INTERSECTIONS, 1974 + 1975

Traffic Car - Car Bicycle - Car Pedestrian - Car

class
1 1.4x10°°  13.1x10°° 9.2x10"°
2 6.7x10°°  26.3x10°° 11.7x10"°
3 5.5%x10°°  30.4x10°° 68.4x10"°
4 8.8x10°°  55.5x10 " 208.2x10 "

There are two clear tendencies to be commenting on:

1) The conversion factor increases with increased speed, as
defined through the traffic classes, within non-signalized
and signalized intersections.

2) The factor is higher for bicyclists and pedestrians than
for car drivers, within the same traffic class.

These tendencies are in line with the theories that form the
basis for the technique. As was shown in chapter 3 the higher
the initial speed is, the smaller the spatial margins are at
a given Time to Accident value. Smaller spatial margins in-
crease the probability of an accident. Besides, smaller mar-
gins produce higher average speeds at collisions. Altogether
this implies that higher speeds produce higher conversion
factors, just as is the case in table 5.9.

The fact that the conversion factors are higher for car-
pedestrian and car-bicycle situations than for car-car ones
is also logical mainly because conflicts are related to
police-reported injury accidents.
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5.4.4 Choice of final model for conversion between conflicts
and accidents.

Table 5.8 shows that some of the 12 elements bear very small
numbers of either conflicts or accidents. This leads to great
uncertainty in estimations of the conversion factors for

these elements. A merge of elements is, therefore, a necessity
as long as there is no more data available. Such a merge
should be based on traffic engineering considerations. The
first consideration that was made was that the two groups of
elements involving unprotected road-users, e.g. car-bicycle
and car-pedestrian, could be merged into one group.

The second consideration had to do with traffic classes: As
speed was the most important part in the traffic class defi-
nition, a merge was done of the non-signalized and signalized
low speed situations (traffic class 1 and 2) and similarly
for high speed situations.

The merge can be described graphically as in figure 5.2.

Car-Car Car-Bicycle Car-Pedestrian
|
Traffic class 1
Cell 1 Cell 3
Traffic class 2 ]
1
Traffic class 3
Cell 2 Cell 4
Traffic class 4 ,

FIGURE 5.2 MERGE OF THE TWELVE CONVERSION FACTORS INTO FOUR

The important question that is left unanswered is whether
this merge is justified or not.

This question has been tested statistically as follows;

One has 12 observation elements as defined in figure 5.1.
Each element consists of a set of figures (x;,y;) where Xxj is
the number of recorded accidents and y; is the number of
observed conflicts. The index i stands for element i. It is
defined by the kind of road-user involved and traffic class.

Model: y; € Po (xy Aj), X4 € Po (x; * m3 ° B;)

Ay is an intensity that specifies the frequency of
conflicts for the element in question

Aj

£ Ajg =2 % %5, " by,

intersection s

0
I
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o
il

The sum of the product of crossing flows,

o i.e. those flows that intersect at inter-
section s, for the period of observation
tjv = The length of the conflict recording

period v.

Thus y; € Po (klA ) means that the number of conflicts belong
to a P01sson—process with the mean intensity of »; ° A; which
is defined by the conflict frequency Ay and the produc% of

intersecting flows, Aj.

Similarly for x:

i € Po (Ki C M

i Bj)

Ay is an 1nten51ty that specifies the freguen-
cy of serious conflicts for the element in question.

L spe01f1es the probablllty that in element i
a serious conflict ends with an accident.

) Ty

Bi = ZBjg = (EE iy "t is

1 1y

where

®iv is the sum of the product of crossing flows
for the time of conflict recording
(4,) multiplied by a factor that
cottYects for the difference in the flows
between the time of conflict recording
and the time of accident recording.

tin is the length of the period of accident
observation u

T;g is the number of days included in the
accident data.

x; and y; are 1ndependent of each other because the time
périods are disjunct (no accidents were recorded during the
conflict counts).

HYPOTHESIS: WITH THE PROPOSED SPLIT INTO 4 CELLS, m; IS
CONSTANT WITHIN EACH CELL.

We shall now see whether this hypothesis is consistent with
the observations. The first step is to estimate the model's
parameters under the assumption that the hypothesis is true.

One simplification to start with: All "accident times" are

equal for all elements, i.e. T; = T.

If one calculates B;/T (=§%Fiu * tiu) respective A;
(=§%in table 5.10 (page 77) shows that the ratio Ai/Ei
T

and consequently A;/B; are fairly constant within each cell.

ti\))l
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We now introduce:

A s =Xx;A; and p; = 7m: ° Bi/A;
Thelmodei %hen becémes:l 1

x; € Po(r; Pj), Yi € Po(hy)

Because A;/B; are approximately constant within each cell
(see tablé 5.10) our hypothesis is approximately equivalent
with the following:

REPHRASED HYPOTHESIS:

Pi IS CONSTANT WITHIN EACH CELL

To test the hypothesis it is enough to estimate A ; for the
twelve elements and p for the four cells.

It is easily found with the maximum-likelihood method
that the estimation of p within each cell becomes;

* i

where the sums are drawn via the cell's elements.

For each element in the cell the estimation of A; becomes;

« R SR 6 Xj * ¥j
My = 2Yj = T
ZXi + Zyl p +1

Now we look at the ratios Q; = xj/y;- It is a random variable
with a distribution dependeiit on'A ; and p. The distribution
has a maximum approximately at p afd the diffusion around
this maximum is dependent on both A; and p.

The distribution functions are counted numerically for the ,
diffe;ent o with N and p substituted by the estimations j4
and p

The next step is to look at the observed ratios within each
cell. If anyone is too far off "in the tale" in its distri-
bution, then the hypothesis of the constant p in that cell
must be rejected. What then is "too far off in the tale"? Let
us assume that a cell contains N elements and that we want to
choose a small number "a" so that Qj is "too far off in the
tale" if:

Fy (Qi) <a or Fy (Qi) >1 - a

One example of the result of the test is shown in table 5.11,
while the whole test is shown in appendix 5.3. This shows
that the hypothesis may not be rejected at the 5% level,

i.e. that the suggested merging of the 12 elements into 4
cells is not unreasonable.
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TABLE 5.10 RATIOS BETWEEN THE SUM OF FLOW PRODUCTS FOR THE
CONFLICT AND ACCIDENT RECORDING PERIODS.
Malmoé - 50 intersections
Traffic
class Car - Car Car - EBicycle Car - Pedestrian
o ose 1) _
1 3422.35 ~ -4 2410.87 . B 9034.54 IR
STrssozons - &84 10T SETgvesory © ©7%107% Gles.igeszozy YT
2 910.23 s i 595.54 L -4 1606 Y
Toisizasy - 0% TE7.o3eces . Pttl 0.85.2427672 "t
3 440572 o 2386.21 _ -4 3853.6€5 oo .4
Tereges - 50-10 7 Gle7.4oivees | OB 0 Bs-ee73043 o 7o 40
4 2474.86 Y
I = $.03.10 1130.83 . -4
SRR 0.67-1660193 ~ /-'9°10 -
1) 3422.35
0.72 * 5502024
3422.35 = The sum of intersections of the product of
intersecting flows x conflict recording period in
days (= Ajy)-
5502024 = The sum of intersections of the product of inter-
secting flows x accident recording period in days
(= Bl) .
0.72 = Correction factor due to differences in flows between

the conflict recording period and accident period,
both with regard to the time of the year and diffe-
rences between years. One correction factor for
each kind of road-user is obtained. The car and bi-
cycle are based on empirical data while the pedes-
trian factor is an assumption. (An assumption of no

change)
Car - Car 85 = 0,72
Car - Bicycle 0.85 x 1.02 0.87

Car - Pedestrian 0.85 x 1.00 = 0.85
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TABLE 5.11 TEST OF PROBABILITY IN THE MERGING OF THE
ELEMENTS INTO ONE CELL

Malm® - 50 intersections
VvoX
Cell 1 ol = 2
p = 0.037 *
x=5 y=191 N=2 a=0.012
. X = Reccrcded number of accidents
Pxi = 189.000 v = Cbhserved number <f corflicts
Ratio=0.026 F=0.227 OK N = Number of elements in thre cell
x=3 y=25 N=2 a=0.012 a = test value ( 5 3-level)
* “*
' )
Ly = 27.000 .- i+7i
1= *
Ratio=0.12 F=0.959 OK P+
Ratioc = -=
Y
F = Distribution function

Figure 5.3 shows the final model for the conversion factors.

Car - Car Car-unprotected
road-user
Traffic class 1+2 Cell 1 Cell 3
Traffic class 3+4 Cell 2 Cell 4

FIGURE 5.3 FINAL MODEL FOR CONVERSION FACTORS BETWEEN AC-
CIDENTS AND CONFLICTS
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5.5 Final conversion factors for the 50 intersections in
Malmo

5.5.1 Statistical procedure

The w-estimation (the probability that a conflict leads to
an injury accident) for respectlve cell is made with the
following formula (as is shown in section 5.4.4)

Ti = Pji
Bj
The 90% confidence interval for respective cell ";", is cal-

culated as follows:

One states two numbers k and k <*1 < k,) with the
characteristic that the 1ntervai P, kpp) with
a certain given probability 1 - « (— 0.90 in our case) en-

closes the correct p-value.

For each division @ = @, + a5, (where_ both @, and a, are > 0)
there are k, and k, so %hat P (p<k+p = a and P %p>k 5
Then k,; and Kk, glves an interval w1%h the degree of con%

dence equal tol - a (= 0.90).

Q
We have chosen a; = ay = —5— = 0.05

We have earlier (see section 5.4.4) arrived at p*

where ZzZx; € Po (p ° zhA) and y; € Po (Z 1) -

The distribution function, F, for p* is then determined by
the two unknown parameters p and Z /.

We are now to determine kq and k, so that:

@] = 0,05 = P(p < k; p*) = P(p* > Py -1-F (2
kq ky
@, = 0,05 = P(p < k, p*) = P(p” > ) = F (—2—)
ko ky

The program for calculation of F as mentioned in section
5.4.4, has been used to solve the above mentioned equations,
i.e. to calculate the two-sided confidence intervals for p
with a 90% degree of confidence. The unknown parameteters p
and £ A; are replaced by their estimations. (Shown in para.
5.4.4). As also followed in para. 5.4.4, p; is proportional to
T within each cell. Then the*correspondlng confidence inter-
vals for 7 will be (kqm , Ko7 ) with the same k:s as above.
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5.5.2 The 50 intersections in Malmo

The final estimation of conversion factors and confidence
intervals for the 50 Malmé intersections are presented in
table 5.12.

TABLE 5.12 FINAIL CONVERSION FACTORS (m) BETWEEN CONFLICTS AND
ACCIDENTS
Malmo - 50 intersections
Car - Car Car-Unprotected
road-user
Traffic class 1+2 3.2 15.3
(2.0-6.9) (12.2-19.6)
Traffic class 3+4 11.1 89.2
(8.2-16.1) (70.5-113.3)

All values should be multiplied by 1072, values in brackets
are the confidence interval with a 90% confidence degree.

5.5.3 The 15 intersections in Malmd

The identical analysis was made of the 15 Malmé-intersections
as of the 50 Malmé-intersections. Appendix 5.4 shows the number
of accidents and serious conflicts, as well as the periods of
observation.

Appendix 5.5 shows the test of merging the 12 elements into 4
cells. Even in this case, the merging was not found to be
unreasonable.

Table 5.13 gives the final conversion factors for the 15
Malmo-intersections.

TABLE 5.13 FINAL CONVERSION FACTORS FOR THE 15 INTERSECTIONS

IN MAIMO
Car - Car Car-Unprotected
road-user
Traffic class 1+2 3.5 16.0
(1.8-14.0) (10.6-26.2)
Traffic class 3+4 13.7 81.4
(8.9-24.0) (44.8-140.0)

The values should be multiplied by 10”2
The 90% confidence intervals are within brackets.
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5.5.4 The 50 intersections in Stockholm

The same analyzing procedure was followed for the 50 Stock-
holm intersections as for the Malmé intersections.

In appendix 5.6 the number of accidents and conflicts for
kind of road-user and traffic class are given respectively
as well as periods of observation.

Even in this case, the reasonableness of merging of twelve
elements into four cells was tested. From the result in
appendix 5.7 it is evident that one of the elements in cell 3
deviates a bit too much from the mean value of the cell. In
spite of this we carried out the merge into four cells becau-
se the deviation was relatively small. It may be found within
the test methods' margin of error. If there had been, for
example, only one additional personal injury accident in this
element, the test would not have rejected the hypothesis of a
merge at the chosen 5% level.

Estimations of 7 (conversion factors) and calculation of
confidence intervals was done as for the Malmo intersections.
Table 5.14 presents the final conversion factors for the
Stockholm intersections.

TABLE 5.14 FINAL CONVERSION FACTORS FOR THE 50 INTERSECTIONS
IN STOCKHOLM

Car - Car Car-Unprotected
road-user
Traffic class 1+2 3.1 12.8
(1.8-8.7) (9.3-18.7)
Traffic class 3+4 14.1 62.1
(11.6-17.6) (44.7-85.7)

The values should be multiplied by 1079,
The 90% confidence intervals are within brackets.

5.5.5 Common conversion factors for the two sets of Malmo
intersections combined

The conversion factors and confidence intervals for both
Malmé studies combined are shown in figure 5.4 and in table
5.15. The corresponding conversion factors are very similar,
thus a merge is fully reasonable.

For the merge, new confidence intervals were calculated as in
para. 5.4.4 with the total number of accidents and conflicts
as a base. These common conversion factors are weighed by the
length of the respective confidence interval for the cells, i
e approximately according to the amount of data for the
respective study.
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FINAL CONVERSION FACTORS FOR THE MALMO - 50+15
INTERSECTIONS TOGETHER.

TABLE 5.15

Car - Car Car-Unprotected

road-user

Traffic class 1+2 3.3 15.5
(2.2-6.0) (12.7-19.1)

Traffic class 3+4 12.1 86.9
(9.4-16.3) (70.4-106.9)

The values should be multiplied by 1072,
The 90% confidence intervals are within brackets.

5.5.6 Common conversion factors for all three sets of data
combined

A comparison between the conversion factors for Malmé and
Stockholm is shown in figure 5.5. It is evident that a devia-
tion is present in cell 4. An aggregation of the data from
the two cities was still considered feasible. This is further
commented on in section 5.7. Conversion factors between con-
flicts and accidents for the total data set was derived in
the same way as before. Table 5.16 and figure 5.5 present
these conversion factors.

FINAL CONVERSION FACTORS FOR ALL THREE DATASETS
TOGETHER.

TABLE 5.16

Car - Car

Car-Unprotected
road-user

Traffic class 1+2 3.2 14.5
(2.2-5.1) (12.2-17.4)

Traffic class 3+4 13.2 77.2
(11.2-15.7) (64.8-91.9)

The values in the table should be multiplied by 1072,
The 90% confidence intervals are within brackets.
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5.6 Conversion factors based on all police-reported injury

and damage-only accidents for Malmd6-50 intersections

For the 50 Malmé intersections, police-reported property
damage accidents were collected as well. The relative amount
of reporting of these accidents is low. The consequence of
this is that the calculated conversion factors for the con-
flicts to the total number of accidents (including property
damage accidents) indicates tendencies only. Table 5.17 gives
these conversion factors.

TABLE 5.17 CONVERSION FACTORS BASED ON ALL POLICE-REPORTED

ACCIDENTS
Malm® - 50 intersections.
Car-Unprotected
Car-Car road-user
Traffic class 1 and 2 107.0 23.2
Traffic class 3 and 4 214.8 117.1

The values in the table should be multiplied by 1072,

The results were not completely surprising: the conversion
factors for car-car situations increased much more than car-
unprotected road-user situations did, compared with the ear-
lier presented conversion factors (for the 50 Malmé intersec-
tions). The two factors for car-car situations increased
approx 30 and 20 times respectively. The corresponding in-
creases for car-unprotected road-user situations was only 1.5
and 1.3 times respectively. Besides we know that the underre-
porting of damage-only accidents is much bigger than for
injury accidents. Consequently the "real" conversion factors
for car-car situations would be a couple of times bigger, in
relation to car-unprotected road-user situations, than in
table 5.17. This implies that the "real" conversion factors
for car-car are at least 5-10 times bigger than those for
car-unprotected road-user, if property damage accidents were
included.

In the earlier presented conversion factors, where only in-
jury accidents were included, the factors for car-unprotected
road-user situations seemed to be 5 times bigger than for
car-car situations. oOn the other side, when all accidents are
included, the relationship seems to be the opposite.

The first difference was explained partly by the fact that
unprotected road-users are more vulnerable than car occu-
pants, thus producing more injury accidents.

The second difference, that serious car-car conflicts more
often lead to collisions than car-unprotected road-user con-
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flicts, may be explained in one of the following ways (or
both) :

1) The average degree of severity among serious car-car
conflicts may be higher than for the other serious con-
flicts.

2) The ability to avoid collisions, once in a serious con-
flict, may be higher for unprotected road-users than for
car drivers.

At this stage of knowledge it is not possible to elaborate
any further on these explanations. If one, however, in the
long run may obtain reliable information about all collisions
that occur, then it would be worthwhile to further analyze
the different conversions factors. Such efforts might give
valuable information on, for instance, road-user behaviour in
critical situations, attitudes to risk, and (road-users)
operational interpretation of risk.

5.7 comments on the accuracy of the validation data

The results from the different Malmé studies show a very good
correspondence regarding the estimated ratio (7) between
accidents and serious conflicts for the different cells.
However, this does not mean, with total certainty, that the
real m-values are identical.

If we, having the maximum bad luck, have received the esti-
mates of m which are the furthest away from the true m-values
for respective data and in different directions, the 7@ -
estimates for the groups of data can give the same value even
though the true m-values are different. This is shown in the

following figure.

Malmd 50

- .-
-

i T

L‘ Malmé 15

FIGURE 5.6 POSSIBLE VALUES ON THE TRUE COgVERSION
FACTOR (w) AND THE ESTIMATE (7 )

.
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It is impossible to establish the existence of this situa-
tion. It could be stated though, that there is a 5% risk

that in one group the data's true value falls outside the
estimated m-value's confidence interval limit on one side.
The risk that the other group of data's true m-value will
fall outside of its confidence interval is equally large. The
probability that this would be the case simultaneously for
both estimates is very unlikely. ( = 0.05x0.05)

The only way to establish whether two groups of data can be
unified, through the reasoning of this kind, is to decrease
their confidence intervals i.e. collect more conflict and
accident data until it can be considered certain that the two
data-group's real m-values lie close enough to each other.

In our case we had "to live" with the data-sets available.
If one, to start with, compares the Malmé-50 and Malmo-15
data, we find that:

- the two m-estimates are very similar for each cell

- one mw-estimate is always well covered by the
confidence interval of the other

- the shortest confidence intervals are, almost entirely,
covered by the longer ones.

These indications were "the best" we could provide and as the
results were quite positive we thought it was tentatively
reasonable to combine the two sets of data from Malmo.

If the combined Malmé data was compared with the Stockholm
data we could draw similar conclusions as above for the car-
car situations. For car-unprotected road-user situations the
case was a bit different:

- the estimates of 7 for the Stockholm data produced
somewhat higher values than for Malmoé.

- the confidence intervals were not overlapping each
other as well as before.

- the estimates of m# for the one set of data, however,
was still falling within the confidence interval of the
other.

Thus, even though the differences we found were bigger when we
compared Stockholm data with the two sets of data from Malmo,
we did not think that the differences were so large that a
unification was not considered appropriate.

It must be pointed out, however, that there are indications
in the accomplished tests that a merge into four cells may
prove to be too rough if the data sets were extended. Prima-
rily, it looks as if a division of pedestrians and bicyclists
is the most probable one.
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We have not been able to test the reasons why Stockholm and
Malmé data are different for car-unprotected road-user situa-
tions. One possible explanation is that the proportion of
bicycle situations is much higher in the Malmé data. Thus if
there should be separate estimates of n for pedestrians and
bicyclists, this might be one possible explanation.

Another explanation may be differences in behaviour between
the two cities. These differences in behaviour may ultimately
create different types of conflicts leading to accidents with
different probability.

5.8 Prediction of accident intensity through conflict
studies

What do the uncertainties in the estimated ratios imply, when
trying to estimate the expected number of accidents occurring
at a certain location? Let's look .at the part of the traffic
at a certain intersection, which falls within a certain cell
for which we have the estimation 7~ and the 90% confidence
interval (k; 7, k, m ). We count the conflicts during time
periods of the total time t and observe Y conflicts. We

shall see what information this results in regarding the
expected accident-frequency.

The model is based on y being an observation of y € Po ( ) t),
where ) is an unknown conflict-intensity, which is depen-

dent on the flow levels, the intersections physical characte-
ristics, etc. The number of accidents during the time T is

X € Po (A* m™ * T) according to our model. If the goal is to
predict x, then it must be realized that even if the 1nten51ty

@ * 7 was known exactly, a spread in x would occur, which is mea-
sured by the standard deviation /X *~ 7 ° T

More interesting, however than to predict x is to get
a good estimate of the accident-intensity » ° 7 , as this

is a direct measure of the intersections safety.

A direct method to accomplish this is to actually wait a
period of time (T) and see how many accidents, x, actually
occur. This gives

the estimate ( X ° w)* =

/ R 4
R I

, which has a standard error

|

The longer the T, the better the estimate. If we now consider
our model to be correct and that 7 is known from earlier
studies, we can estimate X with help of our conflict count:

with a standard error d (}%) = /2A_
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This estimate becomes, of course, more certain the larger t
is. Then one may ask how large must t be to give the same
accuracy in the estimation of accident intensity x» * 7 ,

as a diregt accident count during the time T? Our estimation
becomes A * m , which has the standard error

(if m is known):

. . A TA
d(x-x) = ad(A) =n =\/—
t t/x
It then follows that t should be selected, so that —%— = T.

This can be expressed in this way: For determining the acci-
dent intensity, a conflict-count during the time t gives

the same accuracy as an accident-count during the much longer
time t/w.

'With help of the previously constructed confidence intervals
for 7. (the total data set) the confidence intervals for
T can be calculated as shown in table 5.18.

TABLE 5.18 MINIMUM TIME (T) FOR AN ACCIDENT COUNT TO BE
COMPETITIVE WITH A CONFLICT COUNT DURING THE TIME t.

t 10° t 10°
Cell 1: = 20.000t < T < 45.000t =
5.1 1) 2.2 2)
t 10° t 10°
Cell 2: = 6.400t < T < 8.900t =
15.7 11.2
t 10° t 10°
Cell 3: = 5,700t < T < 8.200t =
17.4 12.2
t 10° t 10°
Cell 4: = 1.100t < T < 1.500t =
91.9 64.8
1) Upper limit in the confidence interval for 7 (see also table
5.16
2 ) Lowe; 1" [1] " " n " n " ”"
5.16)

It is true that 7 is unknown, but the error one encounters by
using the estimated 7~ scarcely contributes to making the
error in the estimate of the accident intensity larger.

When the conflict-technique is used for prediction of the
accident intensity it is important, however, to remember that
the number of conflicts and the number of accidents must be
related to the same traffic conditions (flows, etc).
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5.9 Comparison of accident and conflict distributions with
regard to type of conflict

The collected conflict and accident data for the 50 + 15
Malm® intersections and the 50 Stockholm-intersections, has
also been used to test the distribution of conflicts and
accidents with other variables than those used in the valida-
tion studies previously described. This was done in order to
see to what extent the conversion factors that were derived
could discriminate between different conflict types.

5.9.1 CcCar - Pedestrian situations

Accidents and conflicts were split in the following way:

1) The conflict/accident is occurring when the car is
entering the intersection.

2) The conflict/accident is occurring when the car is
leaving the intersection.

The results of the comparisons are found in tables 5.19 and
5.20.

TABLE 5.19 COMPARISON OF CAR-PEDESTRIAN CONFLICTS AND ACCI-
DENTS WITH REGARD TO TYPE OF SITUATION.
Low-speed and high speed intersections (non-
signalized).

Malmé -15 inters. Stockholm-50 inters.

Situa- Con- Acci- Con- Acci-
tion flicts dents flicts dents
1) % 2) % % 2) %

1 18 25 23 31

2 82 75 77 69
Total # (30) (8) (62) (20)

1) Situation 1): The car is entering the intersection
Situation 2): The car is leaving the intersection

2) conflicts are weighed with regard to the relevant
conversion factor
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TABLE 5.20 COMPARISON OF CAR-PEDESTRIAN CONFLICTS AND ACCI-
DENTS WITH REGARD TO TYPE OF SITUATION.
Signalized intersections.

Malmé-15 inters. Stockholm-50 inters.

Situa- Con- Acci- Con- Acci-
tion flicts dents flicts dents
1) £ 2) % % 2) %

1 0 5 33 24

2 100 95 67 76
Total # (17) (13) (42) (54)

1) See table 5.19.
2) Conflicts are weighed with regard to the relevant
conversion factor.

The comparisons show a very high degree of similarity. No
difference in accident and conflict proportions was found to
be significant. It is particularly interesting to see that
situation 1 is creating both more accidents and more con-
flicts in the Stockholm intersections than in the Malmo
intersections. To conclude: The conflict technique seems to
discriminate well between the two situations in this case.

5.9.2 Car - Bicycle situations

A comparison of car - bicycle situations was only made for the
Malmé - 50 intersections. Besides, conflicts were not weighed
with regard to the relevant conversion factor between con-
flicts and accidents. Still I have chosen to include it,
hopefully to give some valuable indications. The results are
shown in table 5.21.

The table shows that conflict numbers, without any weighing
seem to be very proportional to accident numbers when types
of situations are compared. There is not one single signifi-
cant difference, either for the intersection types indivi-
dually or for the total.

At low-speed intersections the same conversion factor between
conflicts and accidents applies to all conflicts. Thus the
numbers are in that case comparable. Even though the numbers
are fairly low one can see that the proportions are fairly
similar. Besides, the most common accident type of situation,
"perpendicular", is the most common conflict type of situa-
tion as well.
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TABLE 5.21 COMPARISON OF CAR-BICYCLE ACCIDENTS AND CON-
FLICTS WITH REGARD TO TYPE OF SITUATION.
Malmé - 50 intersections.
Type of Laow speed High speed Signalized T L TOTRL
situation intersections intersections intersections Conflicts Accidents
Con- ACCi- Acci-
flicts dents dents
# # # # % # s
Perpendacular 30 12 44 64 46 68 49
Left-turning
venicles vs 3 4 15 32023 35 25
on-coming ve-
hicles
Left-turning
b ists v .
leC} sts Vs 3 3 1 8 g 4 14 10
venicles from
behind
Weaving + - -
- 10 e 7 5 19 14 15 11
rear end
Others € C = 2 8 19 14 & 6
Sum 52 22 5 76 139 101 140 101

5.9.3 Car

In the same way as for car-bicycle situations,
have been compared, without weighing conflicts
the relevant conversion factors.

The results are presented in table 5.22.

- Car situations.

only numbers
with regard to
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TABLE 5.22 COMPARISON OF CAR-CAR ACCIDENTS AND CONFLICTS
WITH REGARD TO TYPE OF SITUATION
Malmoé - 50 intersections

Type of Low speed High speed Signalized TOTATL TOTAL
situation intersections intersections intersections Conflicts Accidents
Con- Accil- Con- Acci- Con- Acci-
flicts dents flicts dents flicts dents
# # # # # # # 1 # 1
Perpendicular 58 9 63 19 10 14 131 31 42 47

Left-turning

vehicl
vehicles vs 13 0 6 4 37 26 56 13 30 34

oncoming
vehicles
Rear-end 34 2 28 3 36 4 98 23 9 10
Weaving 43 1 24 1 23 4 90 21 6 7
Others 15 9] 21 1 13 1 49 12 2 2
Sum 163 12 142 28 119 49 424 101 89 100

In this comparison we find some larger differences. These
seem to refer to signalized intersections primarily. The main
difference at this type of intersections seems to be the
underrepresenting of "perpendicular" conflicts.

A general difference, at all three types of intersections, is that
the "rear-end" and "weaving" conflicts are much more numerous
than the corresponding accidents. This seems to be particu-
larly true for signalized intersections.

Even though the differences mentioned above are due in part
to the fact that other conversion factors should have been
used, this can not entirely explain the differences. So, a
general conclusion would be that the "accident-potential"
Sseems to be somewhat underestimated in "perpendicular" and
nleft-turning vehicles versus oncoming", while it seems to be
overestimated in "weaving " and "rear-end" situations.
Another conclusion is that the over- and underestimations
seem to be bigger for signalized intersections. Thus it seems
as if special conversion factors should be produced for
signalized intersections, when the data-file is big enough to
allow it.
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5.10 Comparison of accident - and conflict distributions at
before and after studies.

The common model as presented in section 5.5 has been used
since 1976. In quite a few studies since then, the Traffic
Conflicts Technique has been used to evaluate the effect of
countermeasures, through before and after studies. After a
couple of years, the results of such conflict studies can be
compared with accident-analysis from the same locations, This
can produce some valuable information about the "operational®
validity of the technique. Information of this kind has,
however, not been collected systematically. Still I want to
include some examples, just to give an idea of what can be
achieved, even though the examples may not be very represen-
tative.

Table 5.23 summarize the results from the included before
and after studies.

TABLE 5.23 A PREDICTION OF AVERAGE NUMBER OF ACCIDENTS
FROM CONFLICT AND ACCIDENT DATA.

. 1 2
Intersection Type of counter- Recorded Predicted ) Recorded Predicted)

measure number number of number of number of

of con- accidents police- accidents

flicts per year reported per year

accidents

sef. After Bef. After Bef. After Bef. After

Ystadg.-Claesyg., Malmé Installing 109 55 1.8 0.8 2 3 0.4 0.5
Réadmg.-S:t J.y., Malmd of humps 30 9 0.8 0.4 3 0 6.4 0
S.Parkg-Ystadg., Malmd 3 7 0.3 0.2 2 0 0.3 0
S.Parkg-Simrhg., Malmd 4 3 0.2 0.3 3 0 0.4 0

b 146 74 3.1 1.7 10 3 1.5 0.5

stud.g.-St.Nyg., Malmd Sigralization 103 43 6.1 4.0 3 4 1.3 1.8

Képh.v.-Bellev., Malmd 76 22 3.2 0.9 4 3 2.0 1.5

b 179 70 9.3 4.9 7 7 3.3 3.3

Malmb.y-HagaF.y, Vasteras Biovele Fath 9 19 0.3 0.5 1 2 c.1 0.4
Ahlmansg.-Bang., Malmd Pooir—way =l 11 4 0.2 0.1 3 0 0.6 0
Idrottsy.-0.Bcrnadg., Malmdé 17 3 0.3 0.1 9 0 1.8 0
5 28 7 0.5 0.2 12 0 2.4 0

zZ 362 170 13.2 7.3 30 12 7.2 4.2

Diff. (-45 %) (-42 %)

1) The prediction is dependent on the number of days of observation, number of hours
per day and the conversion factors applicable.

2) The prediction is dependent on the number of years included in the recording period.
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A proper evaluation of these results should of course in-
clude a comparison of the variance for the two predictions

as well. The, most probable, regression-to-the-mean effect in
the accident study should also be considered.

The limited amount of data makes, however, this kind of
comparison less valuable. Such a comparison is instead in-
cluded in an on-going project at our Department, where the
data volume is considerably bigger.

Table 5.23 anyway indicates some interesting things:

- The accident prediction from conflict studies seems, on the
whole, to produce a considerable overestimation of acci-
dents. It is difficult to find a bearing explanation, es-
pecially as most of the intersections were selected in
Malmé, where most of the validation studies had taken
place. One explanation may be the transformation of "con-
flicts per part of weekdays" to "accidents for a whole
year". Another explanation may be that the conflict
studies have been carried out in the end of the before
period of accident recording and in the beginning of the
after-period, without any corrections for the accident
trend. A third explanation might be a regression to the
mean effect. If, normally, the sample of intersections that
were selected for the validation had a higher average of
occurred accidents than the expected average, then the
conversion factors would be 'to high'. This in turn might

- lead to an overestimation of expected number of accidents
in a conflict study, when the conversion factors are used
at 'new' intersections.

- The estimation of safety effects seems to produce more simi-
lar results. The overall effect seems to be in the same
range even though the regression to the mean effect would
reduce the effect that was predicted from recorded acci-
dents. In 6 out of 9 individual comparisons, the prediction
of either a reduction or an increase, was the same for the
conflict- and accident-based prediction.

The comparisons, however, only contains a part of the total
information. One must also take into account that these
studies were parts of a larger "process evaluation", i.e. .
conflict studies were part of a larger program for short-term
evaluation of the effects. These studies were, for instance,
combined with behavioural studies in order to find out wheth-
er the countermeasures influenced behaviours and risks in a
desired and favour able way.

From this point of view one must conclude generally that
conflict studies have contributed to an increased Kknowledge
about safety effects. This has been particularly obvious in
the developing and testing of new (for Sweden) countermea-
sures, such as humps at intersections and four-way stop.

In these cases the conflict studies have contributed to a
gradual improvement of the know-how and thereby opened up for
a wider application of these countermeasures.
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6 EVALUATION OF THE ORIGINAL TECHNIQUE

Ten years of experience with the original technique has
proven its usefulness both for research purposes and for
practical use.

These years, however, have also made it clear that different
parts of the technique could have been designed differently -
and hopefully made the technique better. Besides, the whole
nature of this complex problem has made it inevitable that a
lot of questions, doubts, ideas and expectations are raised.

In this chapter, I will introduce all the questions, etc that
I have found to be of potential interest with regard to any
possible improvements of the technique. By putting all these
questions together and trying to put them in a theoretical
framework, I hope to set the scene for any future activities
with regard to development of the technique.

Some of these questions will be analyzed further in chapter 7.

carrying out reliability and validity tests is a demanding
task which requires heavy resources. Due to this it will be
difficult to incorporate all my ideas regarding changes of
the theoretical and operational definitions of conflicts in
individual studies. It is therefore of great importance to
widen the scene. One such opportunity is the on-going inter-
national cooperation described in chapter 7.

Chapter 6 is split into three main parts. Section 6.1 will
deal with questions concerning severity rating of conflicts
and the definition of a serious conflict. Section 6.2 deals
with the problems regarding the observer's reliability while
6.3 brings up questions concerning the validity of traffic
conflicts.

6.1 Definitions

6.1.1 Basic principles

The original technique is based on the following hypotheses
and procedure:

- Serious conflicts are scored by trained observers on ground
level. These conflicts should reflect the likelihood that
an event leads to a collision.

- The likelihood that a serious conflict could lead to a (po-
lice-reported) injury accident is calculated after the
field study, using a risk matrix that gives the conversion
from the number of serious conflicts to the number of (po-
lice-reported) injury accidents.
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The first part - the likelihood that a serious conflict could
lead to a collision may depend on a number of factors. The
most important ones seem to be:

a) Time and space margins between the road-users involved.
b) Type of evasive manoeuvre and type of road-users.

c) Vehicle-linked capability of performing evasive manoeuv-
res.

d) Road user-linked capability of performing evasive
manoeuvres.

e) Road and weather conditions.

The original definition of a serious conflict - Time to
Accident < 1,5 seconds, takes into account the time
margin and, partly, the space margin.

It is presupposed that all the factors mentioned above do
have similar distributions over the sample, normally being
intersections. So it is, for instance, presupposed that the
distribution of vehicles or road-users within each category
with regard to capability of performing evasive manoeuvres of
different kinds is the same at different intersections.

This was the main reason why these factors were not tested in
the definition of a serious conflict. Another reason that the
likelihood of a collision was not tested was due to problems
with the reliability of police-reported damage-only acci-
dents. The option to include damage-only accidents has in-
creased since then.

In a new study taking into account "all accidents”, it should
be worthwhile to incorporate and test all the five factors
mentioned above.

In the following part of section 6.1 I will present diffe-
rent ideas concerning potential improvements of the definition
of a serious conflict.

6.1.2 Speed dependent threshold for the time-margin

The rigid definition used originally (TA < 1,5 seconds) was
accepted by most observers as being a working compromise for
urban situations, still some different problems were still
acknowledged regarding the speed-dependence:

- In conflicts at low speeds (< 20-25 km/h) the severity of a
conflict was underestimated when the observer estimated the
TA-value through experienced suddenness and harshness in
the evasive manoeuvre. The problem could partly, but not
entirely, be compensated for by a special estimation of
speeds and distances. Even so, however, there remained he-
sitation with regard to reliability on low-speed conflicts.
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- In conflicts at high speed (> 50-55 km/h) the problems were
the opposite: the severity was overestimated. This was, how-
ever, a minor problem in the studies we carried out in
urban areas, simply because conflicts at speeds higher than
50 km/h were very infrequent. Things are, however, different
for rural intersections. In a pilot-study (Garder, 1982)
the need for modifications of the "urban" technique were
checked. At two rural intersections the "urban" technique
of classifying serious conflicts with regard to the experi-
enced suddenness and harshness of the evasive manoeuvre was
compared with TA-values. These were obtained through an es-
timation of approach speeds and distances to the collision
point. Conflicts were classified in three groups:

- Serious conflicts
- Border cases
- "preventive action" (non-serious conflicts).

The results of the two studies can be seen in figure 6.1
and figure 6.2.

Estimated
degree of
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899005 o o [
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Mean value in the TA (sec)
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FIGURE 6.1 RELATION BETWEEN TIME TO ACCIDENT AND

ESTIMATED DEGREE OF SERIOUSNESS

The rural intersection of Ringelikors
Mean speed - 65 km/h

Two case-studies

Derived from Garder, 1982.
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FIGURE 6.2 RELATION BETWEEN TIME TO ACCIDENT AND
. ESTIMATED DEGREE OF SERIOUSNESS
The rural intersection of Gualov
Mean speed - 80 km/h
Two case studies
Derived from Garder, 1982.

Even though the technique used to identify the threshold
level may be argued about, the results indicate one interes-
ting thing: When speeds of the road-users involved in con-
flicts are increasing, the TA-value for the border between
serious and non-serious is increasing as well. At Gualév the
mean speed for straight ongoing cars is 80 km/h and at
Ringelikors the corresponding mean speed is 65 km/h. The
border values of 2.8 - 3.4 seconds at Gualév and 2.1 - 2.2
seconds at Ringelikors, and the border value of 1.5 seconds
in urban areas at a mean speed of 40-50 km/h are clearly
indicating a speed-dependence of the threshold between se-
rious and non-serious conflicts.

If this relation bears any truth, it also indicates that the
threshold level is below 1.5 seconds at low speeds.

The results presented here are, however, too limited to draw’
any strong conclusions from. Still it seems to be a relation

of great 1lmportance and it should, therefore, be incorporated
in the definition in some way. This will be done and further

evaluated in chapter 7.

6.1.3 Time to Accident versus other time measures

The time margin can primarily be measured in three different
ways (as long as we are dealing with conflicts that presup-
pose a collision course):

- Time to Accident (TA)
- Minimum Time to Collision (MTTC)
- Time to Collision - continous over time (TTC).
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Figure 6.3 illustrates the three alternatives.

TA - which is the measure our technigue is built on - re-
flects the time margin in the initial phase when the road-user
has detected the hazard and just started to take evasive
action.

MTTC is the time margin that remains at the end of the criti-
cal phase of the evasive manoeuvre. It therefore reflects the
latter phase of the conflict.

TTC reflects both the initial phase, the further development
(intensity, etc) and the latter phase.

Generally speaking, it is of course of interest to know the
time margin both in the initial phase and then in the final
phase. If the initial speed is then known as well as the
development of the TTC the possibilities of describing the
severity of the conflict should be much higher than with any
of the measures individually. A technique for obtaining these
data is still, however, very time-consuming and expensive to
use. This creates big problems both in valididating such a
technique and in using it on a larger scale. Such a technique
is therefore not considered feasible for our purposes.

The choice between Time to Accident (TA), and Minimum Time to
Collision (MTTC) is also discussed now and then.
TTC
(secuk

TTC-graph

wrTe | \\\\\\\\\_;

4 t ¢ -

RUNNing
Time (sec)
TTC = The time until the two road-users would have collided,
had they continued with unchanged speeds and directions

(continous over time)
TA = The TTC-value in the moment one of the road-users starts

taking evasive action
MTTC= The minimum value of TTC.

FIGURE 6.3 A TIME TO COLLISION (TTC) GRAPH ILLUSTRATING TA
AND MTTC.
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Until lately MTTC has not been part of a recording technique
for human observers on ground level. Therefore we only know
about the observer reliability for TA. The possibility of
accurately using MTTC is, therefore, not known today.

Different development of different conflicts may lead to
various situations with regard to TA and MTTC. In one case
the TA can be the same in two conflicts while the MTTC is
different. In two other conflicts the MTTC may be the same
while TA is different. This fact may lead to the conclusion
that either two measure is as good as the other. There are
some reasons, however, that make me more in favor of the TA
concept. These are:

- The TA-value describes the most critical moment in the
whole series of events, namely when one of the road- users
has detected the hazard and is just starting an evasive
manoeuvre. At MTTC the road-user has already reacted to the
hazard. He has had the opportunity to interpret the situation
more closely and in theory may then produce a conflict with
a low MTTC on purpose, even though the initial time margin
would have been "big". To conclude: TA is the most "honest"
value because it focuses on the moment when the unexpected
event is just detected, before any "manipulation" of the
event is made.

- The second reason why I am in favour of TA is of a theoreti-
cal nature: a serious conflict with a low TA-value can lead
to an accident, while a serious conflict with a low MTTC
(but greater than zero) can never lead to an accident. Thus
in theory, serious conflicts with a TA-value above zero and
accidents overlap while there is no such overlap for serious
conflicts with a MTTC-value above zero.

Still I want to repeat what I stated in chapter 3, namely
that I think that it might be of value not only to consider
the initial phase of the conflicts, reflected by the TA-
value, but also the outcome of the conflicts, reflected by
MTTC.

Further work will be done on the reliability of the MTTC-
value recorded by human observers on ground-level. If these
results are positive, then it might be worthwhile trying to
record both TA and MITC for all conflicts.

6.1.4 Space margin

If the TA-criterion were changed so that it included a

speed dependence, the basic idea would be that this would
reflect both time- and space margins in the initial phase
when the road-user has just detected the danger and is about
to start evasive action. The shape of this speed dependence
in order to obtain an optimal description will be dealt
further with in chapter 7.
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6.1.5 The duration of the conflict

A special case when dealing with the time and space margins
is the duration of the conflict. The following example illu-
strates the problem: a pedestrian is crossing a road, and a
car is approaching just before he is leaving the path of the
on-coming vehicle. One of the road-users has to take some
kind of evasive action in order to avoid the accident. There
is collision course and the TA-value is 1.1 seconds. The
further development of the serious conflict may be very
different, depending on the behaviour of the two road-users.
The different developments of the conflict is illustrated in
figure 6.4 and the outcomes are summarized in table 6.1.

Time to
Collision
(sec) The ped. leaves
the collision
The ped. leaves the area if he con-
2.0 + collision area after tinues with un-
0.8 sec. if he in- changed speed
creases his speed to (1.0 m/s)
1.5 m/s at point A |
| 1
| {
| F I K
: : The ped. stops
l in front of the
| : car
1.0°7T /) ~ ~N ~ 1
The car con- \ \\\_\ I { i
tinueswith ¢ '~ ~o | I !
unchanged speed » N 'e | !
A Y j ~ l
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The car makes a \ |' ~ | L !
quick brake and then N > I\ |
continues with even < {p I~< . /
speed NP ] ~ . /
\kC \\ ! . /
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. N N ~=7
its max N qH
\
° 3 N ! —
0 1.0 1.5 Running
time
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State of the art at point A:
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- - )
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FIGURE 6.4 TIME TO COLLISION GRAPHS FOR DIFFERENT OUTCOMES
OF A CAR-PEDESTRIAN CONFLICT.
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TABLE 6.1 SOME DIFFERENT OUTCOMES OF A CAR - PEDESTRIAN
CONFLICT WITH REGARD TO TIME TO ACCIDENT (TA) AND
MINIMUM TIME TO COLLISION (MTTC)
(The different outcomes are visualized in
figure 6.4).

Driver Pedestrian Graph in TA MTTC Duration of
action action figure 6.4 the Cg?-
(sec) (sec) flict

Quick No change ABHK 1.1 0.1 1.2

braking (1.0 m/s)

Quick Accelerates ABDF 1.1 0.5 0.8

braking (1.5 m/s)

No braking Accelerates ACF 1.1 0.3 0.8
(1.5 m/s)

Max., cont. No change ABIK 1.1 0.5 1.2

braking (1.0 m/s)

Max., cont. Accelerates ABEF 1.1 0.7 0.8

braking (1.5 m/s)

Max., cont. Stops ABL 1.1 0.2 2.0

braking (0 m/s)

1) The time that passes from the moment the evasive action
starts till the conflict is solved (TTC goes versus
infinity)

The different examples represent only some of the possible
outcomes. They do, however, represent some rather different
ones. As was mentioned earlier, the TA-value is the same in
all conflicts. Initially, I may refer to para. 6.1.3 and
intuitively conclude that knowledge about both TA and MTTC
would produce more information about the hazard involved than
one of the measures individually. So, for instance, a reac-
tion by both road-users leads to a higher MTTC and intuitive-
ly a higher accident-preventing potential.

At the same time the outcomes illustrated by the graphs ABHK
and ABL in figure 6.4 produce almost the same TA and MTTC,
while they are quite different in nature. One possible way of
describing the difference between the two conflicts may be
through the duration of the conflict, i.e. the time that
passes from the moment an evasive action starts till the
conflict is solved and the TTC-value approaches infinity.

The duration of the conflict can probably be estimated by
human observers in a similar way as the TA is (successfully)
estimated by observers. I would suggest that three classes

be tested. "Long duration", "medium" and "short" duration.

An introduction of this aspect had - as usual - to start with
tests of the observer's reliability.
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6.1.6 "Almost" collision course

A special problem, linked to the time and space margin arises
when there is no actual collision course but almost one
between two road-users, i.e. if both road-users continued
with unchanged speeds and directions they would not collide
but pass each other very closely.

The example in figure 6.4 can be slightly changed in order
to illustrate this problem:

If the pedestrian had been only 0.3 meters further ahead in
the initial phase, then there would have been no collision
even if both road-users had continued with unchanged speeds
and directions.

Theoretically, this event causes no problem: there is no
collision course and consequently it is not a conflict with
regard to our definition.

From an operational point of view it is much less clear how
to interpret and treat an event like this:

- it is very similar to the events in the example (figure
6.4) all classified as serious conflicts.

- it is an impossible task for an observer to estimate if
there is a collision course or not, if the margins are
very small and an evasive action is undertaken.

- the observer's task is probably even more complicated as it
is most probable that one (or both) road-users will react
and take some kind of evasive action. This will emphasize
the impression that there actually is a collision course,
and it may therefore mislead the observer into making a bi-
ased estimation.

The solution to this problem, I think, has to be a pragmatic
one. In the same way as road-users' action (suddenness and
harshness) is used by observers to detect a serious conflict,
the action at close-cuts can be used to detect whether a road-
user thought that either there was a collision course, or
that it was close enough to demand some action. In the latter
case the road-user somehow extends the space covered by
another road-user, thus including some kind of safety margin.
If the road-user acts as if there was collision course, the
conflict should be scored. The proposal for a new definition
of a conflict then contains one hard element and one soft:

"A conflict is either an event that would have led to a
collision if both road-users had continued with unchanged
speeds and directions or a near-miss situation where at least
one of the road-users acts as if there were collision course".




106

This extended definition of a conflict is of course not gquite
clear from a theoretical point of view. On the other hand it
is hard to find a better way of treating these events in real
life. Hopefully, international cooperation will give guidance
in this matter as well. Reliability studies using an objec-
tive technique to evaluate the conflicts and then comparing
them with estimations by human observers, could indicate the
frequency of this type of event.

6.1.7 Type of evasive manoeuvre and type of road-user

Basically there are five different ways of avoiding an acci-
dent, once in a conflict:

Braking

Swerving

Accelerating

Braking + Swerving
Accelerating + Swerving

The avoiding manoeuvre can be carried out by either road-user
involved or by both.

It is likely that different alternatives do have different
"accident-preventing potentials". Linderholm (1981) has for
instance shown (see figure 6.5) that the theoretical thres-
hold level ?etween collision and non-collision in a "Conflic-
ting Speed1 -TA-graph" is different for similar situations
where braking or swerving are the evasive manoeuvres, i.e.
the time margin is bigger when swerving is performed. It is
then most likely that the accident potential is different as
well.

Different road-user types do have different characteristics
with regard to stopping distances at braking, swerving abili-
ty, accelerating ability, etc. This factor should therefore

be included as well and combined with the type of evasive
manoeuvre that is carried out.

1) conflicting Speed = The approach speed of the vehicle that
takes the evasive action.
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Swerving

Braking

+ + =
1.0 2.0 3.0 TA (sec)

From: Linderholm (1981)

FIGURE 6.5 THE THRESHOLD LEVEL BETWEEN COLLISION AND NO
COLLISION AT BRAKING AND SWERVING.
Two examples.
Derived from Linderholm, 1981.

6.1.8 Vehicle-linked capability of performing evasive
manoeuvres

Relevant under this heading is primarily the braking capacity
of a vehicle or the swerving abilities.

Basically I think it is wise to do as we have done, namely to
presuppose that all motor-vehicles have the same technical
capability to perform in evasive manoeuvres. Even though
there is a steady improvement of the cars in this sense, this
has been fairly slow so far.

An exception that might arise, is the use of a so called ABS-
braking system. Such a system prevents the wheels from being
locked at hard braking and the braking distance may therefore
be reduced. The probability of a conflict leading to an
accident will, most likely, be reduced. A large-scale intro-
duction of such a system might therefore contribute to a
significant change in this probability and conseguently, in
the conversion factors between conflicts and accidents.

The use of two brakes in stead of one on bicycles is another
factor that might contribute to significant changes in (some)
conversion factors.

The most interesting, and fruitful, approach to this problem,
is probably to link up to the road-user's capability and to
study the process of performing evasive manoeuvres. Such in-
depth studies might produce a better insight into what fac-




108

tors explain the final outcome of a conflict and how these
factors contribute to the probability that conflicts lead to
accidents. It would be possible to use this knowledge when
planning future validation work, and to ascertain whether any
factors that describe technical capability would be worth-
wile including.

6.1.9 Road-user linked capability of performing evasive
manoeuvres

Different road-users are differently skilled in making eva-
sive manoeuvres. On the average, different road-users there-
fore produce different accident potential at equally defined
conflicts. (The question of how often the different road-
users get involved in a certain type of conflict is a comple-
tely different matter).

On the other hand a specific road-user's behaviour probably
has a variation over time as well, i.e. sometimes she is
acting "worse" and sometimes "better" than her average.

It would be very difficult to introduce this aspect operatio-
nally:

- It would be difficult to score the performance

- It would be impossible to find the "performance"
distribution for a road-user.

6.1.10 Road and weather conditions

Most important here is probably the road conditions. Earlier
validation work (chapter 5) showed that geometrical fac-
tors, such as sight distance, did not seem to influence the
accident-to-conflict ratio. It is therefore unlikely that
weather conditions as such, excluding the influence on the
road surface, would influence the likelihood of a conflict
leading to an accident.

Different types of road surfaces and friction in different
weather conditions, however, produce quite different braking
and swerving abilities. An accident may be easily avoided on
dry asphalt while exactly the same type of conflict may
easily lead to an accident on an icy road. This problem is
taken care of so far by excluding winter conditions, both in
conflict studies and in accident records (for validation

purposes) .

This is unsatisfactory in the long run and it is also likely
that a split on more than two road conditions might improve
the accuracy of the conversion factors.

The recording of road conditions may be done indirectly by
scoring both TA and MTTC or by scoring TA and "Minimum dis-
tance between the road-users".
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6.1.11 Final comments on different aspects that might
have relevance for the definition of a serious
conflict

Quite a few proposals have been made with regard to possible impro-
vements of the definition. It is, however wise to bear in

mind that it is a very delicate problem to introduce any new
variables. The following aspects must be noted:

1) The reliability
Some of the proposed changes would be difficult to test
2) The validity

A split of data like the ones proposed would demand very
big sets of data. Besides, some of the proposed splits of
conflicts data can not be followed by a similar split of
accident data. This makes a validity study even more
complex.

3) Conflict frequencies

At a specific conflict study the "expected average number
of conflicts" of different types must be estimated. A
greater split of data, therefore, demands bigger studies,
which might easily become too expensive to carry out.

4) Transformation

If the yearly expected number of accidents is going to

be calculated from a conflict study, then the yearly dis-
tribution of conflicts with regard to the different fac-
tors should be known. This demands conflict studies at
different times of the year, different road conditions, etc.

If the above mentioned mementos are considered, it may not
seem worthwhile trying to introduce any new aspects into the
definition. I still think it is worthwhile to try and find
out about both distributions in general and about the average
accident-to-conflict-ratios for different splits of data. At
that stage of knowledge it would be possible to estimate
whether it is worthwhile or not to introduce a specific new
aspect. :

6.2 Reliability

The results of the reliability studies on the original tech-
nique (section 4.4) are quite encouraging. Observers seemed
to be capable of recording conflicts based on the Time to
Accident criterion in a fairly precise way. The extensive use
of the technique since then has not produced any major objec-
tions to this statement.
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The equipment available at that time (around 1975) and the
general state of knowledge were such, however, that there are
today a couple of aspects of the reliability problem that
should be dealt with in a more comprehensive study:

1) The quality of the extended reliability tests were not
exactly clear. The key was produced by a couple of trained
observers who evaluated all conflicts from video, indepen-
dently. Their scores were compared with objective measures
as far as possible. So, for instance, were speeds checked by
measuring of the time-consumption of a vehicle over a
known distance. Distances were checked similarly. Still
the general problem was that the key-data could not be
checked (or produced) systematically with an objective
technique where errors of any kind were known.

There is, for instance, a semi-automatique technique
available today that is developed at IZF-TNO in the
Netherlands (Van der Horst, 1981).

An international cooperative study in Malmé 1983 gave the
first opportunity to compare observer estimations of TA
and vehicle speeds with results obtained with the Dutch
technique. The design of the study and results are pre-
sented in chapter 7.

2) There is an interest in designing a more comprehensive
study to find out more about differences between obser-
vers. Do different observers face different kinds of prob-
lems and would it be, for instance, cost-effective to
train more observers than actually needed and then select
the most reliable ones?

3) The kind of observer reliability tests that we have
carried out only give an answer to the question of how
well an observer performs under controlled testing condi-
tions. It does not say anything about how well the obser-
ver performs in the long run, in the field, by himself.
This problem is linked to questions about "keeping the
know-how", motivation, study design etc. To study these
problems there is a need for another study design other
than the one used in the earlier reliability studies.

The closest we have come to this problem is our tests of
the day to day variation in studies where different obser-
vers recorded on different days. The results of these tests
were encouraging; there seemed to be a very small bias
introduced by the observer. (See section 4.4).

These studies still did not produce any definite answer to
the question of "normal day reliability", not only be-
cause the aim of studying the reliability was mixed with
studies of the day to day variation, but also because
observers knew that this kind of test was going to be
carried out. Finally there were no tests on missing data
and no tests on the scores of the recorded events.
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6.3 Validity

Primarily, it looks as if the technique has a good validity
The accident-to-conflict ratios that were produced were basi-
cally in agreement with later before- and after studies where
"the expected average number of accidents" were compared with
the actual number of accidents that occurred (Section 5.10),
even though there seemed to be an overestimation of accidents
through the conflict counts.

These were intersection-based comparisons. If data were split
according to type of road-user and type of manoeuvre the
agreement was not as high. This was, however, anticipated. In
the original validation studies the data-set was too small to
allow all those splits of the data that were motivated from a
traffic engineering point of view.

Even though some problems were identified already at the time
of the original validation studies, other problems were rea-
lized in a later phase when the technique had been in use

for some time. The main concern was linked to the technique of
calculating the variances in the estimated accident-to-con-
flict ratios:

conflicts and accidents were finally split into four cells
with regard to "type of road-user" (protected and non-protec-
ted) and "speed class" (flows with low speed, < 35 km/h, and
flows with high speed, > 35 km/h). Pre-supposing one true
conversion factor (expected accident-to-conflict ratio) for
each cell, these factors were estimated. The accuracy was
presented as a 90%-confidence interval. These intervals

were produced theoretically in the following way:

The number of conflicts per time unit and the number of
accidents per time unit were supposed to follow Poisson-
distributions. The confidence intervals were then given by
the number of conflicts and accidents in each cell.

With todays knowledge I consider the chosen procedure less
fortunate. I am now convinced that there are more variables,
than those detected by us, that influence the conversion
factors. There might be quite a few such variables but nor-
mally the distribution over intersections is so similar that
the conversion factor within each cell remains fairly con-
stant. But not exactly similar! If the actual variation in
the recorded conflicts had been used on our original data, we
might have detected variations within different cells that
might be due not to a random variation only but also due to
the existence of some more variable that produced signific-
antly different conversion factors. Linderholm (1981) has
pointed out one such variable. He showed that when our origi-
nal data on car-car situations were split in 'parallel' and
'perpendicular' then two quite different accident-to-conflict
ratios were obtained (table 6.2, page 112). Linderholm's
results also seem to be quite logical:

car-Car perpendicular conflicts ought to produce higher risks
of getting involved in a (police-reported) injury accident
than for instance rear-end and weaving conflicts ('parallel').
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TABLE 6.2 ACCIDENT-TO-CONFLICT RATIOS IF CAR-CAR SITUA-
TIONS ARE SPLIT IN TWO TYPES
Original validation data

Situation Car-Car Car-Car Car-Ped
'parallel' ‘'perpendicular’ Car-Bic

Conflict
class:

Class 1:
Speed < 35 km/h
1.0 < TA £ 1,5 s 0 2.4 9.6

Class 2:
All other conflicts
when TA £ 1,5 s 2.8 11.9 33.9

N.B. All values should be multiplied by a factor 107°.
From: Linderholm (1981).

A second problem with the original validation study is that
the predictive quality of the conversion factors could not be
checked.

Predictive quality in this connection means the accuracy in
predicting (objective) safety. Safety is then defined as the
"average expected number of accidents" (for instance at an

intersection). In a quality check, the variation in predic-
tion of safety from conflict counts should be compared with

the variation in prediction based on other measures. The main
alternative measure to predict safety is "actually occurred
accidents". The result of a comparison based on these two
measures would tell us to what extent conflict counts are
competative with accident analysis in this respect. (It is
quite a different matter to compare accidents and conflicts,
for instance, with regard to the potential ability for diag-

nostic studies).

Hauer and Garder (1986) have presented a procedure for compa-
rison of predictions based on conflicts and accidents. At our
Department there is an on-going project primarily aiming at
producing a "new generation" of validation results and making
comparisons based on the Hauer and Garder procedure.

A third problem with the original validation studies has to
do with the classification of events in two "speed-classes".
The classification was based on flows in "low-speed" or
"high-speed" intersections according to median speeds of the
flows.

The reason for this classification was that conflicts and
accidents should be completely comparable, i.e. conflicts
from one cell should explain accidents from the same cell.
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One consequence of this, however, was that two exactly simi-
lar conflicts with regard to type of road-users involved,
actual speeds and "Time to Accident" could be put in diffe-
rent cells (and thus given different conversion factors) just
because the median speeds in the relevant flows were diffe-
rent. This did not seem to be logical and efforts were,
therefore, made to overcome this problem. Linderholm (1981)
made a first try by using actual vehicle speeds in the origi-
nal validation data. The results are presented in table 6.2.
He used a model where he tried to explain all (police repor-
ted injury) accidents of a certain type with regard to road-
user involved and manoeuvre (for car-car only), from two
types of conflicts with regard to actual speed and "TA". His
results seem to be logical in the sense that low speeds and
high TA-values produced lower accident-to-conflict ratios
than high speeds and low TA-values. It is not possible,
however, to discern from his results what role was played by
the actual speed individually. Therefore further studies have
to be undertaken. One such effort is the on-going "new-
generation" validation studies at the Department. Another
_effort is presented in chapter 7, where I have compared
actual speeds and TA-values in both conflicts and accidents.

Finally, I want to make two comments that have implications
for the kind of validation work we have carried out:

1) Even though our technique was meant to be used not only for
prediction of accident numbers, but also for diagnostic
purposes, the first generation of validation studies only
included statistical comparisons of conflict and accident
numbers.

For diagnostic purposes conflicts also have to be valid

for some model explaining the causual connections behind an
accident. The model, and consequently, the type of valida-
tion needed, depends on the kind of approach that is

taken.

I have, in chapter 7.3, presented a first approach to comparing
the processes leading to accident and serious conflicts.

2) Our definition of a serious conflict is, among other
things, based on the hypothesis that serious conflicts
represent a break-down in the interaction between two
road-users, i.e., the road-users did not voluntarily get
involved in the event. Serious conflicts would, therefore,
represent some kind of threat to the road-users. Doing so
they would be valid by themselves as "events that we want
to prevent ourselves from".

The question of serious conflicts as indicators of threats
to the individual is examined further in chapter 8, where
the results of interviews with road-users involved in con-
flicts with various degrees of severity are presented.
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7 MODIFICATION OF THE ORIGINAL TECHNIQUE

In this chapter, I will introduce some of the ideas presented
in chapter 6 and analyse them further.

In section 7.1, I will present some alternative definitions
for severity of conflicts and in section 7.2 and 7.3 these
definitions will be tested against conflict and accident
data.

In section 7.4, I will present the on going international
cooperation in this area and, specifically, present the
results and conclusions from a comparative study carried out
in Malmé, Sweden, 1983. In this study eight different tech-
niques were compared with regard to their severity classifi-
cation, among other things.

In section 7.5, the results from the Malmdé study are used in
order to compare Swedish scorings with objective measure-
ments.

7.1 A further improved definition of a serious conflict

7.1.1 General considerations

There has appeared no evidence that is strong enough to change
the basic concept of using Time to Accident (TA) as the basic
criterion when describing the severity of a conflict. Of all
the proposed changes in chapter 6, there is one major modifi-
cation that I consider to be highly relevant. That is to
include the actual road-user speeds in the severity rating.

Two main approaches with regard to TA-speed relationships
will be introduced in this section. In section 7.2 three more
relationships are introduced and then all five are compared
and discussed.

7.1.2 The basic principle for a definition of a serious
conflict based on a Time to Accident - speed relation

The original definition of a serious conflict, i.e. TA < 1,5
seconds, can be illustrated in a "TA-speed" graph, as follows
in figure 7.1.
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Conflicting
Speed A
Non
Serious serious
conflicts conflicts
0.5 1.0 1.5 2.0 Time to Accident

{sec)

FIGURE 7.1 THE ORIGINAL DEFINITION OF A SERIOUS CONFLICT IN
A TA-SPEED GRAFPH

The severity of a serious conflict should, as stated before,
reflect the probability of a collision. Thus the threshold
level (TA=1.5s) should represent a uniform level of severity
from the above-mentioned point of view. This is obviously not
completely true. At low speeds the probability of avoiding a
collision is greater than at high speeds, given the same TA-
value. Thus a more relevant uniform level of severity should
be speed dependent as well.

The main question then, is to find out the character of this
speed dependence. For this purpose I have defined five diffe-
rent speed dependant uniform levels of severity. (From now on
called "alternative definitions of severity"). Two of them
are presented in this section and three in the next. The five
levels are based on different approaches. They are compared
in section 7.3 and 7.4 through analyses of "the processes
leading to accidents and conflicts". (To be defined later).

The comparisons are carried out with the same preconditions
for all five levels. These are: (See also figure 7.2)

1) A uniform severity level is defined, based on some theore-
tical approach. (Five approaches altogether).

2) Uniform severity zones are defined by equidistant,
parallel curves to the uniform severity level.

3) Severity, finally, is defined as the position along a
line, which is perpendicular to the uniform severity
level.

The following comments must be made regarding the three
preconditions.

1) The back-up for each definition of a uniform severity
level will follow at the presentation of each of them.
The curve defining the uniform severity level will
either be straight or bent.

2) and 3) The definition of severity zones, i.e. that the
curves are parallel, is a hypothesis that will be tested
in further analysis.
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Unifcrm severity

tevel

Increasing
severity

¥ a -
1.5 TA
(sec)

FIGURE 7.2 GENERAL DEFINITION OF UNIFORM SEVERITY LEVEL AND
UNIFORM SEVERITY ZONES.

7.1.3 First alternative definition of severity

One way of picking up a uniform severity level, is to define
the threshold between collision and no collision. This thres-
hold, however, depends on a number of factors, such as type
of evasive manoeuvre, vehicle and road-user abilities, road
friction, etc. As all combinations probably produce different
thresholds, it is not possible to calculate an average thres-
hold. Instead, I will try to use the most common combination.
In section 7.3 it is shown that "braking only" is by far the
most common type of evasive manoeuvre. As a starting point I
have, therefore, chosen "maximal braking on dry asphalt."

The relation between Time to Accident and approach speed,
presupposing that a vehicle manages to stop just at the
collision point, can now be calculated:

2
oA . =S - Y1 .1 _ "1
Pnin vy 2gf \41 2gf
where s = distance to the collision point at the start of an
evasive manoeuvre
v, = is the initial speed in the same moment as above
f~ = friction coefficient

- The Swedish National Road Administration (Statens vagverk,
1983) is using the following mean friction coefficient:

e-0.0137 v

£f=0.55 m

where v (m/s) approximately equals
mean speed (m/s)

initial speed (m/s)
final speed (m/s)

_ (v1 - VZ)Q where Vm
\F
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The coefficient 0.55 in the formula above is chosen so that
there is a safety margin built in. Without this margan E99
coefficient 0.55 should be 0.85 and thus £=0.85 * e 00 Y

In our case V, always equals zero, which means that v, equals
2/3 v,. These"values produce the following minimum TA-value:

Vi

TApin = . -0.0137 v

16.7 m

Through TAT-n the first alternative uniform severity level
(ALT.DEF. } is defined. This is visualized in figure 7.3,
together with severity 2zones.

Conflicting

Speed ‘
(km/h)

7od// '//

60 4

Severity

50 4

Uniform severity
level (parallel
to TA min)

40-/

30 +
/

/

/ /
/ ,/' /
/ / /
/ /
./

/ /

10 4

TA
(sec)

FIGURE 7.3 FIRST ALTERNATIVE DEFINITION OF SEVERITY (ALT.DEF.1)
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7.1.4 Second alternative definition of severity

GaArder (1982) proposes that the uniform severity level is

set so that the TA-value at a certain speed equals the neces-
sary braking time at that speed. Time to Accident is defined
as the time that remains to the collision point if speeds and
directions are kept unchanged, while "necessary braking time"
is defined as the time needed to come to a complete stop just
at the collision point. If the deceleration is linear, then
the average speed during the braking is half the initial
speed. Thus the braking time is twice as big as the necessary

TA-value.

Thus Garder has built in a safety margin which is half the
necessary braking time. Due to this difference with ALT.DEF.1,
it is of interest to introduce it as a second alternative,
ALT. DEF 2. It is visualized in figure 7.4.

Conflicting
Speed
(km/h)

TA = Time neces-
sary for braking

70

60

50

Severity

40 zone

‘ ' . Uniform severity
30 level (parallel

’ to TA = time neces-
sary for braking

20

10

»
Fxy

(sec)

FIGURE 7.4 SECOND ALTERNATIVE DEFINITION OF SEVERITY (ALT.DEF.2)
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7.2 The process leading to accidents

7.2.1 Introduction

I will, in this section and the next one, introduce a new
approach for the comparing of accidents and conflicts.

Through analyses of both accident data and conflict data it
has become possible to compare the last part in both the
accident process and the conflict process, namely from the
moment one road-user takes evasive action. The comparison
includes:

Kind of evasive manoeuvre

- Type of road-user that takes the evasive action.
- Time to Accident

Conflicting Speed.

The data will be used for two main purposes:

1) to compare five different alternative definitions of the
severity of a conflict and propose a new definition of
serious conflict

2) to compare the different characteristics for conflicts
and accidents in order to obtain a "process validation"

7.2.2 A pilot study

Looking at the process leading to accidents, i.e. parts of the
"pre-crash" phase, is a demanding task as it is almost im-
possible to obtain any observational data. The analysis the-
refore has to be based on historical data. The information
needed is, however, not easy to get from accident reports
either. The best source would be any that describes the
accidents in more depth. Accident investigation studies

would, therefore, fulfill this need in the most relevant way.

In Sweden, there is only one major pilot study that has been
carried out making thorough accident investigations. In this
study (TRK 1978) 23 accidents were examined. The sampling
technique was such that accidents of different severity (from
damage-only to fatal), different types of road-users (cars,
bicycles, pedestrians and types of environments (urban, semi-
urban and rural) were represented.
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The Time to Accident and Conflicting Speed was obtained by me
through estimates of speeds of the road-users involved and
distance to the potential collision point.

The data-sources were quite different in nature:

- Brake-marks measured on the road

- Interviews with road-users involved, about speeds and
(partly) about distances

- Ditto with witnesses to the accidents.

Oone of the 23 accidents was of the single vehicle type and is
therefore excluded in the further analysis.

The results are summarized in table 7.1 (page 122). In figure
7.5 (page 123) the TA-values and Conflicting Speeds are
plotted for those 18 accidents where speeds and distances
could be estimated.

Some conclusions can be drawn:

- In 19 out of 22 accidents (86%) there was an evasive action

taken by at least one of the road-users involved prior to the

accident.

- In 15 of the 19 accidents (79%) the evasive manoeuvre was
"braking only". In the other 4 (21%) "swerving only" was the
evasive manoeuvre.

- In all accidents but one the Time to Accident was below 1.2
seconds. When speeds were below 40 km/h the TA-value was
below 0.5 seconds. There were, however, only two such acci-
dents.

Even though there has to be some hesitation with regard to
the reliability of the data used, the study still produced a
lot of interesting indications that were backing up the need
for a more comprehensive study.

There were, however, some facts that had to be considered
before the implementation of a new study:

1) Accidents and conflicts were not compared in this study.

2) "Damage only" accidents were included. They were not in
our validation studies (see chapter 5).

3) The road environment from which the accidents in this
study were collected varied quite a lot. For instance,
there were urban, semi-rural and rural environments
represented, while in our original validation studies
only urban areas were included.

4) The number of analyzed accidents was very small and even
though the reliability of the data was the highest
possible (at least for a retrospective study), the number
was too small to produce anything but indications.
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7.3 Comparison between the processes leading to accidents
and conflicts: an alternative validation approach

7.3.1 Introduction

The second best alternative, after in-depth studies, for ana-
lyzing the "pre-crash" phase in accidents, was to go through
accident investigations carried out by the police. These
investigations are made in order to control whether accidents
are caused by a non-compliance with the existing traffic
laws. All "severe" accidents are investigated, including
almost all injury accidents.

Ideally, the accident and conflict process should be studied
at the same intersections. In 1982 and 1983 conflicts were
recorded at 107 intersections in the city of Malmo. These
recordings were carried out primarily as part of a large
validation study based on statistical comparisons between
accidents and conflicts. (Earlier referred to as the on-going
new generation validation project). The information could,
however, also be used for my purposes.

Consequently, accidents should be selected from this sample
of 107 intersections. It was found fairly soon, however, due
to the fact that the accidents were filed in a time-order,
that it was too time-consuming to restrict the sample. All
intersections within the city borders of Malmé were, there-
fore, included.

The 107 intersections were a randomized sample from all inter-
sections, with two main side-conditions to be fulfilled:

- Traffic volumes were not supposed to be "too small".

- No major changes of the lay-out or traffic pattern were
supposed to have taken place during the last seven years.

It is not reasonable to believe that the sample of 107 inter-
sections is biased compared with all intersections in Malmo
regarding the information from accidents that I used, i.e.
speeds and distances at evasive manoeuvres.

No accidents on icy roads were included, in the same way as
they were not included in the original validation studies.

As mentioned earlier, serious conflicts should reflect the
probability of a collision. My accident sample, however,
mainly consists of injury accidents. Damage-only accidents
are not included for the same reasons as 1n the original
validation studies (see chapter 5), namely that those acci-.
dents are much less reported to the police than injury acci-
dents. Besides, the missing data is more biased. The conse-
quence, however, when selecting injury accidents is that the
accidents do not exactly reflect the probability of a colli-
sion. This is particularly true for car-car accidents. For
car-bicycle and car-pedestrian accidents, the difference can
be overlooked. The bias due to this will be commented in the
analysis.
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For both conflicts and accidents the following information
was collected:

- conflicting Speed, i.e. the approach speed of the road-user
that takes evasive action, or if both road-users do so
the road-user that stands for the "least severe" conflict.
"Least severe" is here defined in the same way as in the
original technique, i.e. it is defined by the road-user
that has the highest TA-value. This road-user will from now
on be called the relevant road-user. If no action is star-
ted before a collision, then the speed of the road-user that
hits the other is relevant in the moment he hits the other.

- Distance to the collision point, for the relevant road-
user.

- Type of evasive manoeuvre.

- Type of road-user that was defined as the relevant road-
user. (Car driver, bicyclist or pedestrian in car-bicycle
and car-pedestrian situations).

- Speed and distances was combined and the Time to Accident
for the relevant road-user was calculated.

Information from the conflicts was collected straight from
the recording sheets.

To collect information from the accidents, a similar proce-
dure had to be used as in the pilot-study (para. 7.2.2).
Thus, the main sources for information were:

- Brake-marks measured by the police. The length of these
brake-marks, from the start till the collision point,
defined the "distance to the collision point" from the
start of the evasive manoeuvre.

- Interrogations with road-users involved in the accident,
regarding speeds, distances and type of evasilve manoeuvre.

- Interrogations with witnesses to the accidents regarding
the same aspects as above.

For each accident all relevant information was synthesized in
order to obtain the most accurate estimates. Each of these
were followed by a "confidence interval", estimated by the
researcher. The mid-value in this interval was supposed to be
the most likely value. In all the following analyses this
mid-value is used.

In approx. 25% of all accidents the estimations could not be
done due to lack of information. These accidents are omitted
in most of the analyses.
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7.3.2 Data base, general

Altogether, 312 accidents were analyzed, out of which 108 were
"car-car" accidents (including lorries, buses, vans, private
cars, motorbikes), 125 were "car-bicycle" accidents ("bicyc-
les" included mopeds as well) and 79 were "car-pedestrian"
accidents.

In total, of the 761 serious conflicts that were analyzed,
396 were "car-car" conflicts, 128 were "car-bicycle" con-
flicts and 237 were "car-pedestrian" conflicts.

7.3.3 The distribution of accidents and conflicts
with regard to TA-value and Conflicting Speed

In order to obtain a basic knowledge about the accidents and
conflicts studied, Time to Accident (TA) and Conflicting
Speed (CS) are evaluated and plotted in graphs. Figures 7.6
to 7.11 (page 128 - 133) present these basic graphs.

The main conclusion that can be tentatively drawn is that the
patterns are fairly similar in all six graphs. This indicates
that conflicts and accidents seem to have some basic simila-
rity with regard to the studied dimension.

The other major observations that can be made from the graphs
are:

- The accidents are located more to the left in the graphs,
i.e. the TA-values are lower for accidents than for con-
flicts. The overlap, however, seems to be quite big in
all three cases.

- Car-car accidents also have higher speeds on average than
car-car conflicts. Specifically, very few accidents have
speeds below 30 km/h, while more than half of the conflicts
have speeds below 30 km/h.

The main reason for this is probably that conflicts are
supposed to reflect the likelihood of collisions and not
injury accidents. It is obvious that the conflicting
speeds at car-car accidents have to be above 30 km/h, in
most cases, to produce injuries, while collisions also
occur at lower speeds.

This is also confirmed by the analysis of car-bicycle and
car-pedestrian events where injury accident and collision
are almost equal terms. The analysis shows, namely, that
there are quite a few unprotected road-users that are in-
jured at speeds below 30 km/h.

- The number of accidents where the TA-value equals zero
varies between 6.5% in car-car accidents, 29.5% in car-
bicycle accidents and 24.0% in car-pedestrian accidents.
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The shape of the data-sets in all six graphs (figures 7.6 to
7.11) is primarily rectangular to its nature, with the longer
sides standing up inclining somewhat to the right.

The right hand side in these rectangular distributions for
accidents represent the lowest uniform severity level, namely
the threshold between accidents and non-accidents. It is,
however, quite a demanding task to calculate the equation of
these sides. Instead, regression lines for the data-sets (for
accidents) is calculated in order to obtain a parallel line
to the one representing the lowest uniform severity level.
The inclination of this regression line then defines the
uniform severity level for each of the three accident data
sets.

Regression lines are also calculated for the three conflict
data sets. These lines represent mean severity values for
those conflicts scored. (The observers had a threshold level
for recording that was equal to the uniform severity level
for ALT. DEF. 2 (see figure 7.4) starting at TA = 1.5 se-
conds. Some conflicts were shown afterwards to fall outside
the threshold level. They are still included in the analysis,
as the sample of conflicts is "those conflicts that fall
within the recording limits with regard to the observer's
initial judgment").

It is to be noted that the regression is linear. The data
volumes did not allow any other type of analysis.

Figure 7.12 (page 134) illustrates the six regre551ons bet-
ween Time to Accident (dependent variable) and Conflicting
Speed (independent).
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It can be seen from figure 7.12 that all six lines have very
similar inclinations. This primarily indicates two things:

1) The uniform severity level for all three categories of
accidents seems to be the same.

2) The uniform severity level for accidents and serious con-
flicts as scored by our observers, seems to be the same.

There is one problem, however, with the data:

The TA-value equals zero in a number of accidents. In theory,
TA equals zero only when the road-user starts an evasive
action exactly at the moment of collision. It is obvious that
this must be unusual. It is more likely that the road-users,
when TA equals zero, would not have started their evasive
action until after the collision. The TA-value should then be
negative. I do not, however, have any reliable information on
when the road-user intended to start his action and conse-
quently I do not know the size of the negative TA-values.

The accident graphs show that TA most often equals zero at
low speeds. (This phenomena is dealt with later on in this
section). This means that if the correct value for the vast
majority of accidents where TA=0 should be negative, then a
great part of the observations in the lower part of the graph
should be moved straight to the left. Consequently, the re-
gression lines, primarily for "car-bicycle" accidents and
itcar-pedestrian" accidents, should incline more than is indi-
cated by the lines in figure 7.12. The problem is that I do
not know the exact position for the connected observations
and I can, therefore, not make any new regression on the
data.

In order to get an idea of the quality of the results so far,
I have specifically analyzed those accidents which I consider
most reliably recorded. In this category I include those
accidents where brake marks are measured. Even though speed
estimates are achieved in the same way as for the other
accidents, it is of interest to see whether more reliable
data on "distance to the collision point" change the pattern.
I have chosen to include those accidents where no evasive
action is taken before the collision, i.e. TA=0, in the same
proportions as they are in the total sets of accidents.

Figures 7.13, 7.14 and 7.15 (page 136-138) present the "TA-
conflicting Speed" graphs for the three sets of reliable
accidents.

In figure 7.16 (page 139) the regression lines based on the
plots of more reliable data are compared with the regression
line for the total number of accidents.
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As can be seen from figure 7.16 the lines for "reliable" car-
car and car-pedestrian accidents are very close to the line
for all accidents (which in turn was very close to that of
all car-car and all car-pedestrian accidents).

The regression line for car-bicycle accidents is, however, of
a steeper incline than the line for all accidents. The main
reason for this is that in a great part of the car-bicycle
accidents the cyclist or moped rider takes the evasive ac-
tion. (29% of all car-bicycle accidents). The average Con-
flicting Speed at these accidents is much lower than that for
the other accidents. Brake-marks that are found and measured
are very uncommon for accidents where the cyclist or moped
rider takes the evasive action. These kinds of accidents are
consequently underrepresented in the set of "reliable" acci-
dents. Therefore, there are practically no accidents with low
speeds in the set of "reliable car-bicycle accidents", and
this is the primary reason why the regression line for these
accidents has a different incline from other regression
lines.

Basically, the comparison with the 'reliable' data showed
that there were very small differences.

7.3.4 Choice of five alternative definitions of severity

In order to have a good representation of definitions based
on different "TA-Conflicting Speed" relationships, I have for
further testing, selected three additional ones to those two
presented in section 7.1. The three definitions represent two
extremes and one in between:

- The third alternative severity definition (ALT.DEF,3) is
based on the regression line for all accidents. This alter-
native is less speed related than the first two alternati-
ves.

- The fourth definition is based on Time to Accident only,
thus no speed-relation at all. (ALT.DEF.4)

- The fifth is based on Conflicting Speed only, thus no TA-re-
lation at all. (ALT.DEF.5).

The five different severity definitions and the defini-
tion of severity zones are found in figure 7.17.

The hypothesis regarding severity and uniform severity level
can be split in two parts:

- The degree of severity is defined by the position in the
graph in relation to the perpendicular distance to a border
iine between two uniform severity zones, i.e. the degree of
severity is the same as long as this perpendicular distance
is the same. (Hypothesis about uniform severity level).

- The degree of severity is increasing with the severity of
the zone, i.e. severity is higher the more "to the left/up-
wards" a conflict is positioned in the graph.
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7.3.5 Comparison of the alternative severity definitions

There are four types of comparisons between the five diffe-
rent severity definitions, based on the following aspects:

1) Severity of conflicts
2) Severity of accidents

3) The proportion of accidents similar to conflicts for the
different severity definitions

4) The relevance of the combined conflict and accident
distributions.

1) Severity of conflicts

The second part of the aforementioned hypothesis is that the
severity of conflicts increases with the severity zones. This
part of the hypothesis will be used here to compare the five
alternative definitions of severity.

Severity of conflicts is, in our case, operationally defined
as the probability of a conflict leading to a police-reported
injury accident. This probability is calculated as the number
of injury accidents divided by the number of conflicts per
severity zone.

In appendix 7.1 the number of accidents and conflicts are
listed for each of the zoning systems that go with the five
severity definitions.

Appendices 7.2, and 7.3 present relations between accidents
and conflicts, appendix 7.2 with a greater break-down of the
data than appendix 7.3.

Figures 7.18 - 7.22 (page 143 - 145) presents results corre-
sponding to appendix 7.2.

The results indicate that the first three alternatives all
show a more stable increase of severity than the last two.
From this point of view, it is implied that the severity
dimension should include both speed and TA.

The first three alternatives seem to be rather similar and it
is, therefore, more difficult to select one of them. There
are, however, two aspects that do imply that the ALT.DEF.2
seems to be the most appropriate one:

- Tt does show the smallest number of irregularities in the
graphs (decreases instead of increases or other larger
discontinuities)

- It has the highest proportion of statistically significant
increases, in the number of accidents to conflicts, when
consecutive zones are compared. (See table 7.2, page 146).
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The results also show that ALT.DEF.4 is more appropriate than
ALT.DEF.5. This implies that the TA-dependence should be
greater than the speed dependence. This is also the case with
both ALT.DEF.1, ALT.DEF.2 and ALT.DEF.3.

To conclude: The first three definitions seem to fulfill the
hypothesis regarding increased severity. The ALT.DEF.2 is the
most approprlate one. The first part of the hypothe51s,
regarding uniform severity, will be tested individually in
para. 7.3.6.
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TABLE 7.2 PAIR-WISE COMPARISONS OF SEVERITY ZONES

ALT.DEF 1 ALT.DEF 2 W ALT.DEF 3 ALT.DEF 4 ALT.DEF 3 i
) - 1 . 2 - -
Sev zoning [0.S5Ssec )Ow:sec ) C.3sec 1.25%sec | C.Ssec 0,25sec @ l.5sec I.I5sec |Q.>sec 2559:!
—
Numper of |
pair-wise 3 21 B 22 7 2¢ 19 24 13 3¢
comparisons |
]
i
Number of !
statistical . 1° - y ;
significant ! - ' 11 E 10 ! 11 3 Ti
increases {
|
| |
Proportion |
~ ) I
of ditto 83 43 120 55 71 50 75 46 53 el
(%) :
|
1) Severity zones with 0.5 seconds interval (see app 7.3)

©.25 seconds interval (see app 7.Z2)

28]

Severity zones with

2) Severity of accidents

As was shown in part 1), the conflict severity increases with
"increased" severity zone. The same should, of course, be
true for the accidents as well. Higher conflicting speeds
combined with lower TA-values should produce higher collision
speeds and, consequently, more severe accidents.

In my sample only injury-accidents are included. The first
"severity grade" among accidents can, consequently, not be
studied. Severity, therefore, has to be defined as the out-
come of the injury accidents as defined by the police (slight
injury, severe injury or fatal). The three different severi-
ties of injuries are given indexes based on the total costs
for each type of accident. Some unpublished data on these
costs (for individuals, local councils, hospitals, insurance
companies, etc.) for accidents was used. The following cost
relations between police-reported injury accidents were

obtained:

Slight injury accident: 1
Severe " " 6
Fatal " " 36

Based on these values, a severity index is calculated in each
zone and for each definition. The severity index is the mean
value for all accidents in the relevant zone. The results are
presented in table 7.3 and figure 7.23.
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TABLE 7.3 SEVERITY RATING OF ACCIDENTS PER SEVERITY DEFI-
NITION

SEVERITY SEVERITY INDEX*)

DEFINITION ZONE CAR-CAR CAR-BICYCLE CAR-PEDESTRIAN

ALT.DEF 1 1 - (6.0) -
2 (1.0) 2.0 (1.0)
3 1.0 2.7 11.0
4 1.2 2.0 2.7
5 2.7 3.6 8.5
6 2.2 - (18.5)

ALT.DEF 2 1 - - -
2 - - -—
3 1.0 1.6 2.1
4 1.0 1.4 3.9
5 1.2 3.0 5.2
6 2.6 4.9 3.5
7 2.1 (6.0) (18.5)
8 2.7

ALT.DEF 3 1 (1.0) (6.0) (1.0)
2 1.0 4.8 12.2
3 1.3 2.3 4.3
4 2.1 2.2 6.3
5 2.7 - (1.0)

ALT.DEF 4 1 - (6.0) -
2 (1.0) (6.0) (9.8)
3 1.0 6.6 (6.0)
4 1.0 2.4 6.8
5 2.1 2.1 5.2

ALT.DEF 5 1 - 1.7 2.5
2 (1.0) 1.2 3.5
3 1.0 1.4 2.1
4 1.0 1.3 5.4
5 1.7 5.3 6.3
6 2.6 6.3 8.5
7 1.0 - (36.0)
8 3.0 (6.0) (21.0)
9 (1.0)

Values in brackets; < 5 observations

*) Based on total costs for accidents,
The index is the mean value for the relative cost
values for each definition, zone and road-user type.
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The results from table 7.3 and figure 7.23 indicate very
clearly that ALT.DEF.2 produces the most relevant severity
scale, with the smallest number of irregularities and a
steady increase of the severity for all three types of road-
users.

The "ALT.DEF.1 and 3" seem to be much less relevant in this
case, while ALT.DEF.5 (speed) seems to be more relevant than
ALT.DEF.4 (TA). Thus, speed seems to be more important than
TA when explaining the severity of the accident, while the
opposite seems to be true when explaining the severity of
conflicts (defined as the probability of a conflict leading
to an accident, no matter what severity of the (injury) acci-
dent) .

At the same time the ALT.DEF.2 is combining the two aspects
much better than any of the other definitions.

3) The proportion of accidents similar to conflicts for the
different severity definitions

The aim of this comparison is to see to what extent conflicts
are similar to accidents from one important aspect, namely
from the last part of their respective processes, defined by
the TA-value and Conflicting Speed. The comparison is made
between the five different definitions of severity, again in
order to find the most appropriate definition.

The "opposite" comparison, i.e. to see to what extent acci-
dents are similar to conflicts will be dealt with later on,
in connection with the gquestion concerning the threshold
between serious conflicts and non-serious ones. (See section
7.3.9).

The analysis of the "cover" aspect is carried out in the
following way:

a) The distribution of accident and conflict proportions are
drawn in figures 7.24 - 7.28 (page 150 - 152) for all
road-user types. In appendix 7.4 the same distribution is
found, split between road-user types. In order to calcula-
te to which extent accidents are covered by conflicts, the
area in figures 7.24 - 7.28 covered by accidents and con-
flicts could be compared with the area covered by accidents
only. Then, however, the graphs would have to be based on
absolute numbers per time unit.

As the number of conflicts on average is five to seven and a
half thousand times as frequent as accidents (see app. 7.5),
an approximate way of getting comparable graphs in figures
7.24 - 7.28 is to replace the ends of the conflict distri-
butions with vertical lines. This is also done in figures
7.24 - 7.28.
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The results regarding the "cover" aspect are summarized in
table 7.4:

TABLE 7.4 PROPORTION OF ACCIDENTS AND CONFLICTS WITH
SIMILAR VALUES FOR TA AND CONFLICTING SPEED
A comparison of the five alternative defini-

tions
Severity Proportions (%) of all accidents where acci-
definition dents and conflicts have similar values for

TA and Conflicting Speed

ALT.DEF.1 89

" 2 93

" 3 68

" 4 76
5

95

The main conclusions are:

- ALT.DEF. 5, 2 and 1 have very high proportions of
accidents with similar values for accidents and conflicts.
All three, therefore, seem to be very appropriate defini-
tions from the "cover" point of view, while ALT.DEF.3 and
4 seem to be less appropriate.
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- As can be seen in appendix 7.4, car-car has the highest
similar proportions generally, while all the definitions
except for ALT.DEF.4 have considerably lower proportions
for car-bicycle and car-pedestrian.

None of the definitions come to a complete similarity between
accidents and conflicts. The reason for this is that the
accidents that are "not covered" by conflicts are very rare
events. As accidents, per definition, are conflicts, the two
distributions can be combined in order to produce a more
reliable estimate of the conflict distribution. It is, then,
indicated that in the tail of the distribution where only
accidents have occurred in our sample, the frequency of
events is extremely low, e.g. one event per 5 000 observation
hours (see app. 7.5). Thus, a study would have to be extreme-
ly long to make possible a reliable estimate of the tail of
the distribution. This has not been possible (for anyone) to
carry out yet, but on the other hand this is not of major
importance.

The major thing at this stage is, instead, to show that the
definition of severity that is going to be used has a rea-
sonably high "cover rate", compared to the other alternative

definitions.

4) The relevance of the combined conflict and accident dis-
tributions.

By combining the two distributions, one can see whether the
accident distribution is actually a part of the conflict
distribution. Two criteria have to be fulfilled:

a) There is some kind of "continuity" between the conflict
distribution and the accident distribution.

b) The combined distribution between accidents and conflicts
should be logical, in the sense that the accidents should
cover the most severe part of the combined distribution.

To fulfill the two criteria about continuity and logic, the
conflict distribution in our sample should end with its
highest values (from a severity point of view) somewhere
between the peak and the end of the accident distribution.

(see figure 7.29).

If the conflict distribution ends before the peak of the
accident distribution, the combined distribution is discon-
tinuous and the events with highest severity are more numerous
than events with slightly lower severity.

It seems as if all five definitions are both logical and
continous and, therefore, fulfill the criteria.
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The following conclusion can be drawn from the comparisons
made in this paragraph:

The ALT.DEF.2 seems to be the most relevant definition of
severity because it fulfills all the tested criteria more
satisfactory than any of the other definitions. This is valid
both for the severity scalings as well as for the test of
similar proportions between conflicts and accidents.

The other four alternative definitions show a poor performan-
ce in at least one of the four comparisons. The ALT DEF.1
seems to be the second best alternative.

It is to be observed that the reliability problem is not
considered here. It will, however, be done later on in the
report. (See section 7.5). The five definitions are, however,
very similar regarding the reliability problem. It i1s, there-
fore, without hesitation that ALT.DEF.2 can be selected as
the most appropriate definition.

CASE A: NON-LOGICAL
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FIGURE 7.29 DIFFERENT RELATIONS BETWEEN CONFLICTS AND
ACCIDENT DISTRIBUTIONS.
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7.3.6 Test of the uniform severity level for the selected
severity definition

The selection of the ALT.DEF.2 as the most appropriate defi-
nition of severity was based on a test of a number of crite-
ria. One test remained, however, before the definition was
found to fulfill all the criteria in a satisfactory way. The
test concerns the hypothesis about uniform severity level
within each severity zone, i.e. that the degree of severity
is the same as long as the perpendicular distance from a
border line between two severity zones is the same.

Due to the limited data volume within each zone the test had
to be limited to a comparison of the degree of severity within
two halves of each zone. The test is based on a comparison of
the accident-to-conflict ratios for the two halves.

The split is first made for accidents using the "TA-Conflict-
ing Speed" graphs, figures 7.6, 7.8 and 7.10, pages 128, 130
and 132. The split is done with a line perpendicular to the
border lines between the severity zones, so that half of the
accidents are on each side. The same lines are then drawn in
the respective graphs for conflicts. (Figures 7.7, 7.9 and
7.11, pages 129, 131 and 133). The number of accidents and
conflicts in respective zone are counted and the accident-
to-conflict ratios calculated. (See table 7.5, page 157).

Oon the whole, one can see from the table that the accident-
to-conflict ratios are fairly the same if they are compared
pair-wise for the two parts. A chi-square test on the number
of accidents and conflicts for each pair does not indicate
any significant differences except for in 2 cases out of 15
tested (5% level of significance, severity zone 8 for car-
car and severity zone 7 for car-pedestrian). These tests of
independence, however, give limited information about the
actual similarities between the ratio for accidents and con-
flicts respectively.

Looking at the various ratios we find some clear trends:

- When accidents were split in two equal parts, conflicts for
"car-bicycle" and "car-pedestrian" were also split in al-
most equal parts. For "car-car" there is, however, a consi-
derable difference. The "lower part" has almost twice as
many conflicts when the accidents are split in two equal
parts. If conflicts instead were split in two equal parts
then the number of accidents had been considerably higher
in the "upper part".

Considering the total results one can thus conclude that
conflicts and accidents are equally distributed for "car-
bicycle" and "car-pedestrian", but not for "car-car". The
most possible explanation for these results is that the ac-
cident definition used (police-reported injury accidents)
for the two first groups is almost equal to all collisions
while for "car-car® a lot of damage-only collisions are
left out. It is clear that these accidents would have lower
Conflicting Speeds, on average, and consequently the acci-
dent distributions would be more like the conflict distri-
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bution even for "car-car".

The conclusion is that the chosen definition, from this
point of view, seems to correspond better with 'all acci-
dents' rather than injury accidents only. This is also in
line with the basic theory: The 'TA-Conflicting Speed'
based definition of a serious conflict is primarily reflec-
ting the 'risk of a collision'. The risk of a collision
leading to an injury accident is then calculated with the
help of conversion factors. It is clear, however, that a
validation against all accidents would be valuable from a
theoretical point of view, so that a better distinction
could be made between "risk of collision once in a serious
conflict" and "risk of injury once in a collision”.

- The pair-wise comparisons of accident-to-conflict ratios
show that the ratios are very equal for the two parts in
"car-car". For "car-bicycle" and "car-pedestrian" the ra-
tios seem to be displaced approximately one severity zone.
(The ratios for the "lower parts" of the data should be
increased by one zone).

The explanation for this displacement is linked to the

aforementioned phenomena that accidents with a TA-value
that equals zero "should have been given a negative TA-
value". (See also section 7.3.3).

This kind of accidents appear almost only in the "lower
parts" of the "car-bicycle" and "car-pedestrian" data This
explains, to start with, why there is no displacement in the
ncar-car" data but only in the other two. If these accidents
had been given negative TA-values their define severity
would have increased. For quite a few of them the severity
zone value most probably had increased, one or perhaps two
zones. The change had contributed to an equalization of the
ratios for the two parts of data.

The conclusion from this analysis of the split data is, when
reservations are made for the limitations in the analysis

(too small data volumes that only allowed a split of data in
two parts), that the ALT.DEF.2 seems to be highly relevant,
even regarding the hypothesis about uniform severity level.
This means that the "risk-level" (accident-to-conflict ratios,
in this case) seems to be the same in different parts of the
same severity zone and thus also increasing in a similar way
in different parts of the zones.

One way of solving the displacement for "car-bicycle" and
"car-pedestrian" ratios would, of course, be to reclassify
accidents in the "lower parts" for these two groups of ratios
(increasing the severity zone by one). This would change the
design of the severity zoning system. The earlier comparisons
of the five different alternative definitions of severity
(para. 7.3.5) have, however, shown that such a reclassifica-
tion would not be feasible. Besides, a reclassification due
to the "problems" caused by accidents with a TA-value that
equals zero would also influence the design of the lower
severity zones and, thus, also influence the border between
serious and non-serious conflicts. (Dealt with in para.
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7.3.9). Such an influence on the lower severity zones would
be irrelevant as long as the reclassification 1s due to
accidents with a TA-value that equals zero. As this seems to
be the case this gives a second argument not to reclassify
accidents in the "lower parts".

TABLE 7.5 ACCIDENT~TO-CONFLICT RATIOS FOR DATA SPLIT IN

TWO PARTS
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7.3.7 Comparisons of conflicts and accidents with regard to
behavioural aspects

In the comparisons of the five alternative definitions of
severity in paragraph 7.3.5 general characteristics of
conflicts and accidents were used.

In this paragraph whole samples of conflicts and accidents
(without any severity classification) will be compared with
regard to two behavioural aspects.

These are:
1) Type of evasive manoeuvre

2) Relevant road-user, i.e. the type of road-user in car-
bicycle and car-pedestrian events that is used for the
calculation of "Time to Accident" and "Conflicting Speed".

The comparisons are based on the same sample of conflicts and
accidents as earlier in section 7.3.

We will look at the two aspects separately:
1) Type of evasive manoeuvre

In table 7.6 the results on accidents are shown. The follow-
ing conclusions can be drawn:

- One third of the accident data is missing because it
has not been possible to define whether there has been any
evasive action taken or not. Is has not been possible to
analyze missing data with regard to any possible bias.
The missing data is, however, very equally spread among the
different road-user types involved.

- To take no evasive action, before the collision, is very
uncommon at car-car accidents, but stands for appr. one
fourth of all car-bicycle and car-pedestrian accidents
(excl.missing data).

- "Braking" is the far most common type of evasive manoeuvre
followed by "braking and swerving" combined, "swerving
only" and, last, "accelerating”. Acceleration is used in
only appr. 2% of the accidents.
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PRESENCE AND TYPE OF EVASIVE MANOEUVRE BEFORE

COLLISION )
Injury accidents in Malmo

Tvpe of road- No evasive Brak- Braking+ Swer- Ac- Missing Total
user involved action ing swerving ving cel. data (not
possible
to define
Car-Car 8 63 13 10 2 49 145
Car-Motorcycle G 14 3 1 6 24
IMotor veh only 8 77 16 11 2 54 168
¢ incl missing 5 46 9 7 1 32 100
data
% excl missing 7 67 14 16 2 - 100

data

Motor wvehicle-

‘ 33 44 13 10 2 52 154

Bicycle

Motor vehicle- 5 19 9 2 1 21 57

Moped

ZMotor vehicle- 38 63 22 12 3 73 211
Twowheelers

% incl missing 18 16 10 6 1 35 100

data

% excl missing 8 46 16 9 2 - 101

data

Motor vehicle-

; 19 33 2C 4 1 32 109
Pedestrian
% incl missing 17 30 18 4 1 29 99
data
% excl missing 25 43 26 5 1 - 100

data

TOTAL 65 173 58 27 6 159 488
% incl missing 13 35 12 6 1 33 100
data

% eXcl missing 20 57 18 8 2 _ 100

data
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Primarily, these results should be compared with correspon-
ding data for conflicts. Table 7.7 presents this comparison.
The number of conflicts and number of accidents for one type
of evasive manoeuvre have been compared with the total number
of conflicts and accidents. The following significant

(5% level) differences were found on the total data-set:

"Swerving only" as well as "braking + swerving" are more com-
mon among accidents than among conflicts.

In the case of "braking + swerving", the difference found is
only due to a difference in the car-pedestrian ratio. In the
"swerving only" case, however, the ratios seem to be very
similar for all three types of road-users.

The two findings above indicate that swerving seems to be
used to a larger extent in accidents than in conflicts. This
may be due to the fact that the road-users in accident situa-
tions more often "try everything". Another reason that might
be possible is a bias in the accident analysis, namely that
road-users in interviews with the police may try to indicate
that they tried to avoid the accident, at least by swerving.
This kind of bias can not be checked.

The main conclusion, however, is that the agreement is very
satisfactory. In the vast majority of relations the similari-
ty is gquite convincing; there had to be a change of the
classification in only 11% of the cases in order to achieve

a complete agreement. On the whole, one must therefore con-
clude that conflicts from this point of view are very rele-
vant substitutes for accidents.

One remaining question under this heading is whether acci-
dents not covered by conflicts of similar severity, have
different characteristics regarding type of avoiding ma-
noeuvre from other accidents. For severity classification the
ALT.DEF.2 will be used (see para. 7.3.5). Table 7.8 gives the
results of the comparison.

The results show that the differences are very small. For
each road-user type and totally, chi-square-tests are made on
the "yes/no"-relation for each manoceuvre type compared with
the total relation. No significant differences were found

(5% significance level).

The results, therefore, indicate that those accidents that
were not covered by conflicts in our samples do not have
different characteristics regarding avoiding manoeuvres from
other accidents. Thus conflicts may well work as a substitute
for all accidents from this point of view.
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TABLE 7.7 TYPE OF EVASIVE MANOEUVRE IN CONFLICTS AND AC-
CIDENTS
Braking Braking+ Swerving Accele- To-
swerving rating tal
No. of conflicts 307 63 20 11 401
No. of accidents 77 16 11 2 106
Car=-
Car  proport. of confl. (%) 77 16 5 3 101
Proport. of accid. (%) 73 15 10 2 100
No. of conflicts 142 41 14 0 197
No. of accidents 44 13 10 2 69
Car-
Bic Proport. of confl. (%) 72 21 7 0 100
Proport. of accid. (%) 64 19 14 3 101
No. of conflicts 220 15 7 6 248
No. of accidents 37 17 3 1 58
Car-
Ped Proport. of confl. (%) 89 6 3 2 100
Proport. of accid. (%) 64 29 5 2 100
No. of conflicts 669 119 41 17 846
No. of accidents 158 46 24 5 233
Total
Proport. of confl. (%) 79.1 14.1 4.8 2.0 100
Proport. of accid. (%) 67.8 19.7 10.3 2.1 100
TABLE 7.8 TYPE OF EVASIVE MANOEUVRE IN ACCIDENTS COVERED
AND NOT COVERED BY CONFLICTS WITH REGARD TO
THE "ALT. DEF.2" SEVERITY DEFINITION.
Type of Covered Braking Braking + Swerving Accel. Total
road-user by con- swerving
flicts
Car-car Yes 42 8 5 2 57
No 27 8 6 0 41
Car-Bicycle Yes 22 10 10 3 45
No 35 11 2 1 49
Car-Pedestrian Yes 17 5 2 1 25
No 22 15 2 0 39
Total Yes 81 23 17 6 127
No 84 34 10 1 129
Total Yes % 64 18 13 5 100
No % 65 26 8 1 100
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2) Relevant road-user

At each conflict in our sample "Time to Accident" and "Con-
flicting Speed" have been estimated for the road-user that
takes evasive action, or if both road-users do this, for the
one that produces the least severe conflict (with the new
ALT.DEF.2 this has become equal to the plot that comes clo-
sest to the border line between serious and non-serious
conflicts in a "TA-conflicting speed" - graph. See also sec-
tion 7.1.2). The road-user that counts in the estimation is
defined as the relevant road-user. The same procedure is
followed for the accident sample. For accidents with a TA-
value of zero, i.e. there was no avoiding action prior to the
collision, the relevant road-user is deflned as the one that
hits the other at the collision. For car-bicycle and car-
pedestrian conflicts the ratios of car drivers to bicyclists
and car drivers to pedestrians can be calculated and compared
with the corresponding ratios for accidents. Table 7.9 shows

the result of such a comparison.

TABLE 7.9 RELEVANT ROAD-USER IN CAR-BICYCLE AND CAR-
PEDESTRIAN CONFLICTS AND ACCIDENTS

Road-users Relevantl) Conflicts Accidents Total
involved road-user

Car-Bicycle Cyclist 53 35 80
(41%) (28%) (36%)
Car-driver 75 90 145
(59%) (72%) (64%)
128 97 225
(100%) (100%) (100%)
Car-Pedes- Pedestrian 31 7 38
trian (13%) (9%) (12%)
Car-driver 206 72 278
(87%) (91%) (88%)
237 79 316
(100%) (100%) (100%)

1) pata are collected from figures 7.8 - 7.11, page 130-133.

The number of relevant cyclists compared to the total number
of involved road-users in car-bicycle situations, is signifi-
cantly higher (5% level) in conflicts than in accidents.

This is not the case with pedestrians.
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We can see from table 7.9 that pedestrians are much less
often defined as the relevant road-user than cyclists are.
This difference is significant both for conflicts (signifi-
cance level 0.5%) and for accidents (sign.level 5%).

To conclude and comment:

In both conflicts and accidents, the number of relevant
pedestrians in car-pedestrian situations was significantly
jower than the relevant number of cyclists in car-cyclist
situations.

At the same time the proportion of both relevant cyclists and
relevant pedestrians was lower for accidents. This is probab-
1y due to the fact that conflicts involving cyclists and
pedestrians as relevant road-users are less severe than other
conflicts. The number of conflicts per accident is, there-
fore, higher where the pedestrian or the cyclist are the
relevant road-users (see para. 7.3.5). It is, therefore, to
be expected that the proportion of relevant cyclists and
pedestrians is higher for conflicts.

Even though there is a difference between conflicts and
accidents, they discriminated in a similar way between rele-
vant and non-relevant cyclists and pedestrians.

This analysis, therefore, adds some more support to the hypo-
thesis that conflicts and accidents have similar patterns in
the last phase of their respective processes.

7.3.8 Time to Accident equals zero

In some of the accidents, there was no avoiding action taken
prior to the collisions. "Time to Accident" is then zero.

The fact that there is no avoiding action has been of general
concern for researchers in the area.

As I have explained earlier (chapters 3 and 6), TA~-values of
zero are, in principle, no problem with our technique: those
situations represent the end of a scale where events are of
graduating closeness in time to an accident. We do not dis-
Criminate between conflicts where the time-margin is big (but
small enough to be defined as a serious conflict), small or
non-existant. I also propose a change of our definition (see
also chapter 7), in order to overcome the problem of presup-
posing an evasive manoeuvre.

Thus, conflicts with a TA-value of zero should not be a prob-
lem for us any more. Still, the general interest in this kind
of event makes a special analysis warranted.

In car-car accidents, TA equals zero in 7 cases out of 108,
corresponding to 6.5%. (From figure 7.6, page 128).

In car-bicycle accidents, the corresponding figures are 37 out
of 125 or 30% (from figure 7.8, page 130) and 1n car-pedestrian
accidents 19 out of 79, or 24%. (From figure 7.10, page 132).
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In figure 7.30, the proportion of accidents with TA = 0 in
each speed interval is shown.

#

%
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FIGURE 7.30 PROPORTION OF ACCIDENTS WHERE TIME TO ACCIDENT
EQUALS ZERO FOR DIFFERENT SPEED INTERVALS.
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Figure 7.30 indicates very clearly that the proportion is
very dependent on speed: at very low speeds (below 10 km/h)
all accidents in the sample have a TA-value of zero. (I have
to remind the reader that the sample is "police-reported
injury accidents").

At speeds above 50 km/h, there are almost no accidents any
more with a TA-value that equals zero.

If one looks at the "TA-conflicting speed" plot for car-car
accidents (figure 7.6), one can see that the "Conflicting
Speed" is less than 30 km/h in about 4% of the accidents. In
car-bicycle accidents, the corresponding figure is

40% and in car-pedestrian accidents 33%.

This difference explains why there are relatively few car-car
accidents with a TA-value of zero. It also illustrates the
much higher vulnerability of "unprotected" road-users, parti-
cularly cyclists and pedestrians.

The speed dependence shown in figure 7.30 is also encouraging
in view of the earlier analyses in this section, which empha-
sizes both a speed and TA-dependant definition of severity:
figure 7.30 shows that road-users tend to accept smaller time
margins, the lower the speeds are. At very low speeds, the
time margin in serious conflicts is very often so small, that
there is not time enough to start an evasive action.

7.3.9 The border between serious and non-serious conflicts

Earlier in section 7.3, we were dealing mainly with the seve-
rity of conflicts, the border between conflicts and acci-
dents, accidents not covered by conflicts, etc. I also con-
cluded that, from most point of views, the ALT.DEF.2 seemed to
be the most appropriate definition of severity.

To complete the picture I should, however, also define a
serious conflict, i.e. I should define the border between
serious conflicts and non-serious ones.

The most relevant starting point is, then to look at the "TA-
conflicting speed" graphs (figures 7.6 - 7.11) and the dis-
tributions (appendix 7.4) for ALT.DEF.2, and to see what area
is covered by accidents. By including only conflicts that
have corresponding accidents with regard to "TA" and "Con-
flicting Speed", the most relevant definition of a serious
conflict will be guaranteed. On the other hand, the tighter
the definition we choose, the smaller the number of conflicts
there will be to include. The expected number of serious
conflicts will be estimated with less accuracy, the smaller
the number of conflicts is. Thus, there are contradicting
interests.

If we look at the distributions in appendix 7.4 we find that
accidents cover an area starting at severity zone 2 for car-
bicycle, somewhere between zone 2 and 3 for car-pedestrian,
and close to zone 3 for car-car. Even though the starting
point varies with the type of road-user involved, it is




166

probably wise, from an observing view-point, to use the same
threshold between serious and non-serious conflicts for all
road-user types.

The earlier analyses have not indicated any major differences
petween conflicts of different severity. Due to this and the
eneral interest in collecting as many conflicts as possible,
it is natural to select the threshold between severity zone 1

and 2 as the threshold between serious and non-serious con-
flicts.

This provides the final link in being able to propose a new
definition of a serious conflict. The operational definition
would then be:

A SERIOUS CONFLICT IS AN EVENT WHERE THE "TIME TO ACCIDENT"
AND "CONFLICTING SPEED" FOR THE RELEVANT ROAD-USER PRODUCES
A COMBINED VALUE THAT LIES IN SEVERITY ZONE 2 OR HIGHER FOR
THE ALT.DEF.2 OF SEVERITY

7.3.10 Conversion between conflicts and accidents

The proportional distributions of conflicts and accidents per
severity zone (app. 7.6), can be used as a starting point for

the calculation of ratios between accidents and the sum of
accidents and conflicts in absolute numbers.

Then, we also must know the total numbers of conflicts and
accidents and the total number of observation hours. The
following data is used, obtained within the validation pro-
ject in Malmé, 1982:

Number of car-car accidents: 83
-"- car-bicycle " 63
-"- car-pedestrian " 56
Number of car-car conflicts: 490
-"- car-bicycle " 223
-"- car-pedestrian " 216

Number of observation hours for conflicts:

109 x 12 + 6 X 6 = 1 344 hours
Number Obs. Nu. Obs.
of hours of hours
sites per . si- per
site tes site

Number of observation hours for accidents:

9 X 240 X 7 p 4 115 = 1.738.800 hours
hours week- years locations '
per days
day except

saturdays
and sundays
per year

Tables 7.10-7.12 combine these data with the proportional
distributions.
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TABLE 7.10 ABSOLUTE NUMBERS OF CONFLICTS AND ACCIDENTS PER
SEVERITY ZONE. Car-car

*)

Zone Number of obs. Confl. Acc. Acc.
per 1738800 hours Acc. Co+Acc. Co+Acc.
Acc. Confl. Abs.val. Rel.

values

la 0 8241 - 0

1b 0 28527 - 0

2a 0 73537 - 0

2b 0 94457 - 0

3a 0 115377 - 0 -5 %)

3b 2.32 109037 47000 2.l3xlO_5 1

4a 3.07 78608 25600 3.91x10_ 1.8

4b 5.40 67197 12400 8.04x10 3.8

Sa 14.61 24090 1600 6O.61x10:5 28.4

Sb 19.17 11411 600 167.71x10_ 78.7

6a 15.36 11411 750 134.43%x10 63.1

6b 13.86 0 0 1.0

7a 3.07 0 0 1.0

7b 3.82 0 0 1.0

8a 0.75 0 0 1.0

8b 1.58 0 0 1.0

All zones 83.01 621893 7491 13.35x10-5

*) See classification, figure 7.17.
**)Given value 1.

TABLE 7.11 ABSOLUTE NUMBERS OF CONFLICTS AND ACCIDENTS PER
SEVERITY ZONE. Car-bicycle

*
Zone ) Number of obs. Confl. Acc. AccC.
per 1738800 hours Acc. Co+Acc. Co+Acc.
Acc. Confl. Abs.val. Re}.
values
la 0 2308 - 0
1b 0 22503 - 0
2a 0 40679 - 0
2b 0 51931 - 0
_5 **)
3a 3.53 56259 15900 6.27)(10__5 1
3b 4.54 58567 12900 7.75x10_5 1.2
4a 8.57 31447 3670 27.24xlO_5 4.3
4b 12.10 11252 930 107.42x10 17.1
Sa 14.11 2308 160 607.64xlO_5 96.9
Sb 12.60 0 0 1.0
6a 5.04 0 0 1.0
6b 1.51 0 0 1.0
7a 1.01 0 0 1.0
7b 0 0 0 1.0
8a 0 0 0 1.0
8b 0 0 0 1.0
all zones 63.01 277254 4400 22.72x107°

*) See classification, figure 7.17
**)Given value 1.
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TABLE 7.12 ABSOLUTE NUMBERS OF CONFLICTS AND ACCIDENTS PER
SEVERITY ZONE. Car-pedestrian

Zone Number of obs. Conil Lcc ACC
per 1738800 hours ACC. Cc+Acc. Co+acc.
Acc. Cornfl. Abs.val. Rel.
values
ia s} 156488 - 0
1b 0 12855 - 0
a 0 31857 - o}
2b 0 63715 - 0
2a 2.13 54213 25500 3.93x10_; 2.2
3b 0.73 1359 56700 1.77x10 7 1)
4a 9.24 35490 3800 26.03x10_? 14.7
b 9.91 11737 1200 84.36x10 ° 47.7
-5
5a 8.51 4751 560 178.80x10 - 101.0
5b 9.91 1118 110 878.62x10 496.4
6a 8.51 Q o 1.0
[e] 5.66 o] 0 1.0
7a 0.73 9] o} 1.0
b 0.73 8} 0 1.0
B8a 0 o J 1.0
3b 0 9 0 1.0
All zones 56.06 273333 4880 20.49x127°
) See classicaticn, fozure TL.iT

[N

The "accidents to conflicts + accidents" ratio, reflects the
probability that a conflict of a certain severity leads to a
(police-reported) injury accident.

If the severity zones are compared one by one we can see
that the ratio differs considerably between the three road-
user types. Table 7.13 shows the relations.

The results from table 7.13 indicate the following:

1) The "accidents to conflicts + accidents” ratio increases
more with increasing severity zone for car-bicycle and car-
pedestrian situations, than for car-car.

2) For most severity zones, the ratio is much higher for car-
bicyle and car-pedestrian situations, than for car-car.
Thus, car-bicycle and car-pedestrian conflicts do have a
higher "accident potential" than car-car conflicts. This
result is in line with the original validation results
(see chapter 5).

3) The "accidents to conflicts + accidents" ratios vary quite
considerably with severity zone.
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TABLE 7.13 RELATION BETWEEN "ACCIDENTS TO CONFLICTS +
ACCIDENTS" RATIOS FOR DIFFERENT ROAD-USER TYPES.

Severity Car-Car Car-Bicycle Car-Pedestrian

zone

2b - “x) -

3a ) 1 0.6

3b 1 3.6 0.8
*

da l*; 7.0 6.7

4b 1 13.4 10.5

5a 1 10.0 3.0
*

5b l*i (596) 5.2

6a l*) (744) (744)

6b 1

*) Given the value 1 for comparisons within each zone.

If the average distribution of conflicts over severity zones
is the same for every sub-sample of locations manoeuvre types,
etc. where conflicts studies may be carried out, then the
average results (accident to accident + conflict ratios) can
be used. If, however, the distribution varies with any of the
factors mentioned above, then a use of different ratios might
be useful and contribute to more reliable estimates of "aver-
age number of expected accidents".

At the same time, a split of data produces reliability prob-
lems because big ratios are linked to small numbers of con-
flicts.

I have not checked any data with regard to the distribution
of conflicts on severity zones for different intersections,
manoeuvre types etc. I can not, therefore, indicate whether a
split seems to be beneficial due to differences.

Further research will have to be carried out to find these
distributions, and to see whether a split of data could pro-
duce more reliable accident predictions.
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7.4 calibration of different Traffic Conflict Techniques

7.4.1 Background

The conflict technique was first systematically applied by
Perkins & Harris (1968). Since then, a number of countries
have developed conflict techniques. The terms and procedures
used in different countries are in most cases quite diffe-
rent. Results obtained in different countries were, there-
fore, difficult to compare, as long as the similarities and
differences between the conflict techniques were not known.

This was the main reason why the International Committee on
Traffic Conflict Techniques (ICTCT) was formed in 1979. One
of its main tasks is to decide objectives, and to plan,
design and conduct international studies on the calibration
and validation of conflict techniques.

ICTCT decided to carry out a large calibration study in
Malmé, Sweden, May-June 1983. The main idea was to carry out
simultaneous recording of conflicts with the various tech-
niques, and at the same time collect objective data. This
procedure could enable a detailed comparison of the tech-
niques and also make it possible to find out what objective
elements that were important for the definition of severity.

our Swedish technique was participating, and I therefore
found it relevant to describe the results here, thus making
it possible to put the results in perspective of my own

findings (section 7.3) with regard to severity classification
of conflicts.

7.4.2 Participating techniques and their definitions

All techniques that were operational at that time were repre-
sented in the study. The nine techniques represented were:

- Austria: Kuratorium fur Verkehrssicherheit (KfV), Vienna

- canada: Transport Canada, Ottawa.
(Used specially trained Swedish observers)

- Finland: Technical Research Center (VTT), Espoo

- France: Organisme National de Securité Routiére (ONSER),
Arcueil

- Germany: Technical University, (TU), Braunschweig

- Great Britain: Transport and Road Research Laboratory
(TRRL), Crowthorne '

- Netherlands: Institute for Perception (IZF-TNO),
Soesterberg

- Sweden: ILund Institute of Technology, University of Lund,
Lund
- USA: Midwest Research Institute (MRI), Kansas City.
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The conflict techniques used by the different teams are de-
scribed in the report of the preparatory meeting of the study
(Asmussen, 1984). Table 7.14 shows the type of definition and
severity scaling that was used by each of the teams.

Sweden was testing four different scales and France two.
Sweden 1 and 2 belong to the original technique, while Sweden
3 was a purely subjective scale, and Sweden 4 was based on a
threshold function of speed. (What is called ALT. DEF. 2 in
section 7.3). The two last definitions were tested as part of
the on-going redevelopment of the Swedish technique.

Time to Collision (TTC) is in the case of Sweden 1 and Fin-
land, the original threshold for Time to Accident (TA) of 1,5
seconds. The Netherland's technique calculates TTC curves on
the basis of quantitative measurements of the positions of
road-users in successive frames of video recordings they
carry out themselves. From these curves the minimum TTC value
is derived. Normally, conflicts with a minimum TTC of 1.5
seconds or less are studied.

TABLE 7.14 CONFLICT DEFINITION AND SEVERITY SCALING USED BY
THE TEAMS AT THE MALMO STUDY

Corflict definition Severity scaling
Estimation Estimation Interpre- Based on Based on
of Time to of Post tation of proximity proximity
Ccllision Encroachment evasive to colli- to injury
{(TTCH Time (PET) action sion (any accident
tvpe)
Sweden fixed X
Finland threshold
Sweden 2 fixed average speed
threshold and type of
road user
Swoeden 4 threshold X
function :
of speed
Janadad fixed (x}) X
threshecld
SJreat britain intensity X
Franve C and result
France 1} intensity X
Lnited States and result

Sweden 3

Germany intensity X
Asustria and result
Netherlands calculated X
minimum
value

From: Grayson, 1984.
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Post Encroachment Time (PET) is the time difference between
the moment an "offending" vehicle passes out of the area of
potential collision, and the moment of arrival at the poten-
tial collision point by the "conflicted" vehicle possessing
the right of way. Canada makes a straight estimation of the
PET value. The threshold level between serious conflicts and
non-serious conflicts is 1,5 seconds. Canada also scores CE-
conflicts (close encounters), which form the highest class of
severity.

Interpretation of evasive action is made in different ways by
the teams. In the British technique, a matrix is used by
field observers. The severity rate of the conflict is derived
from estimations of "time before possible collision", "seve-
rity of the evasive action", "type of evasive action", and
"proximity in distance when evasive action ends". France 2
and Sweden 2 use a risk matrix to transform serious conflicts
(France 1 and Sweden 1) as predictors of proximity to colli-
sion, to values predicting the risk of an injury accident.
These transformations are made after the field study.

France 1, USA, Sweden 3, Germany, and Austria, are purely
subjective estimates of the severity of the conflicts, based
on different scales.

All teams, but the Netherlands', used human observers for
ground-level observation.

Except for the conflict counts, the following data was ob-
tained:

1) The Dutch team collected objective data on speeds,
distances, etc with a video-based, semi-automatic,
technique.

2) Volume counts for the whole period were obtained after-
wards through video-recordings.

7.4.3 Study design

The planning of the study design demanded a lot of work due
to the differences between the techniques. Quite a few com-
promises had to be made. Still, the final design was accepted
by all teams without much of hesitation.

Bearing in mind that the main objective of the study was to

make detailed comparisons of the scoring of different teams,
and to compare these with objective data, the main points of
the study design were as follows:

- Conflict recording was carried out simultaneously by the
eight teams that were using field observers, at three inter-
sections, three days at each.

- The Lund Institute of Technology made video-recordings in
order to label conflicts afterwards and to make volume
counts.
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- The Dutch Institute for Perception (IZF-TNO) made video-
recordings in order to collect objective data on a subset
of the conflicts recorded by the other teams.

- Comparative analysis of all conflicts was carried out
by SWOV, the Netherlands.

- Evaluation of the objective data was carried out by IZF-
TNO.

Each team also made a normal safety analysis based on the
conflict data they had collected. The results from this part
are not included here. For those results as well as for
further details of the study, see Grayson (1984).

7.4.4 Data analysis
7.4.4.1 Overall analysis

In total, 973 conflicts were scored by at least one team in
the 47 1/2 hours of observation. A subset of 117 conflicts
were analysed by IZF-TNO, who computed speed and deceleration
of the road-users involved, together with minimum distance,
"distance at minimum TTC", the "minimum TTC-value" and the
Post Encroachment Time. For detailed information about the
IZF-TNO technique, see Van der Horst (1982, 1983).

The main questions to be answered by the comparative analysis
were the following:

- what is observed by the conflict teams

- what are the similarities and dissimilarities between the
teams with regard to conflict selection and severity
rating.

- how are the observations and scores related to objective
aspects of the traffic situations that have been observed.

The eight teams scored quite different numbers of conflicts
as can be seen in table 7.15.

TABLE 7.15 THE MAIMO-STUDY: SCORINGS BY THE EIGHT TEAMS.

Teams Severity score Sum: Not Not Total
1 2 3 4 scored scored observed
Austria 168 14 0 0 182 705 86 973
Canada 174 94 36 0 304 668 1 973
Germany 220 22 1 0 243 618 112 973
France 1 136 18 1 1 156 817 - 973
England 338 46 3 0 387 586 - 973
Sweden 1 62 25 6 0 93 880 - 973
Finland 169 51 9 0 229 744 - 973
USA 161 42 2 0 205 768 - 973

From: Grayson, 1984.
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Table 7.15 shows that Sweden scored by far the least number
of conflicts. The table is, however, somewhat misleading: for
instance did both England and Finland score slight conflicts
(in the table "SEVERITY SCORE 1") which they normally do not
use in safety assessment. This was not the case for Sweden.
Thus, if the severity score 1 - conflicts for England and
Finland were omitted, then England scored 49 conflicts and
Finland scored 60 conflicts, compared to the 93 conflicts
scored by Sweden.

In the second stage of the analysis the extent was examined
to which the various teams agreed with each other in their
judgements about the conflicts they observed and scored. A
special form of "principal components analysis" (PRINCALS),
was used for this purpose. The analytical technique is des-
cribed elsewhere (Kraay, 1982) and will not be discussed in

detail here.

The findings presented further on in this paragraph are
collected from the earlier mentioned report (Grayson, 1984),
with exceptions noted.

In short, the PRINCALS programme addresses two fundamental
questions at the same time:

1) Are the scores of the teams homogeneous, i.e. do the teams
score the severity of conflicts in a similar way, and is
there a common severity dimension?

2) What scales are used by the different teams, and how must
data by each team be rescaled in order to compare the
individual severity scales.

The results of the analysis carried out by SWOV showed clear-
ly that there was one dominant component to which all the
teams contributed, and which they all correlated with. This
could be interpreted as though all the teams agreed on the
same, one-dimensional, severity scale. The PRINCALS analysis
maximizes the homogeneity among the teams. Table 7.16 presents
the so found "category scores", i.e. the scores on a common
severity scale for each severity grade, used by each team.
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TABLE 7.16 THE MALMO STUDY: CATEGORY SCORES FOR ALL CON-
FLICTS FROM A ONE-DIMENSIONAL "PRINCALS" ANALYSIS.

NON NON SEVERITY GRADE

SCORED  OBSERYED 1 2 3, 4

Category score Category score )
AUSTRIA -0.05 -0.13 0.18 4.77 - -
CANADA -0.34 -0.11 -0.22 0.13 2.78 -
GERMANY -0.14 -0.18 0.17 3.56 13.08 -
FRANCE - -0.16 0.36 4.01 9.68 -0.53
ENGLAND - -0.16 -0.09 1.98 10.55 -
SWEDEN - -0.16 0.82 2.71 3.59 -
FINLAND - -0.21 -0.01 1.91 6.34 -
USA - -0.15 0.07 2.30 3.58 -
MEAN2) - -0.16 0.16 2.67 7.09 -

??rived from Grayson (1984)
5 The score on a common severity scale for all the teams.
) Unweighted

If the severity scales used by each team were relevant, then
the category scores should increase with increased severity
grade, and the category scores for non-scored and non-obser-
ved conflicts should be lower than for severity grade 1 -
conflicts. All this when the comparison is within one team.

The criteria above is fulfilled in all cases but two:

1) France, severity grade 4, has the lowest category score
This score is, however, based on one observation only.

2) For Canada it seems as if the non-scored conflicts are, in
general, more severe than they should be. This implies,
that canada selected conflicts in a different way than the
other teams, while once they scored a conflict they used
the same severity dimension as the other teams.

Based on the results from the report, I have done a special
analysis of the Swedish results:

From a Swedish point of view, the results are in line with
what should be expected. One could also see from table 7.16,
if severity grades one are compared, that the category scores
for Sweden are much higher than for any other team. For seve-
rity grade 2, the Swedish category score is the same as the
unweighted mean value, while for severity grade 3 the Swedish
value is lower than for most other teams. This implies two
things:

a) The Swedish threshold between serious and non-serious con-
flicts is set at a higher common severity level than is the
case for all the other teams, except for Finland and England
(whose severity grade 1 conflicts are not defined as serious
conflicts).
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b) Swedish grade 3 conflicts have a lower "common severity"
value than all the other teams except Canada. The reason
for this is that the Swedish team did not score all
conflicts given the highest common severity.

7.4.4.2 Comparison of Swedish and Finnish results

The Finnish technique has its origin in the Swedish one. The

main difference at the Malmé-study, as was mentioned earlier,
was that the Finnish team scored what they called "potential

conflicts", given severity grade 1. These conflicts were not

to be scored at all by the Swedish team. In table 7.17 I have
made a special comparison of the two teams.

TABLE 7.17 THE MAIMO STUDY: A COMPARISON OF THE TOTAL
SWEDISH AND FINNISH RESULTS.

SEVERITY GRADE NON-SCORED
1 2 3
NUMBER OF Sweden 62 25 6 880
CONFLICTS SCORED Finland (169) 51 9 744
CATEGORY SCORES?)
FOR THE SET OF Sweden 0.82 2.71 3.59 -0.16
ALL CONFLICTS Finland =-0.01 1.91 6.34 -0.21

1) The score on a common severity scale for all the teams.
Derived from: Grayson, 1984.

The comparison in table 7.17 indicates that, if the 169 "poten-
tial conflicts" scored by Finland are omitted, Sweden is sco-
ring more conflicts with the lowest severity grade. (It is

then supposed that Finland-grade 2 equals Sweden-grade 1 plus
the majority of grade 2 conflicts). The "common severity score"
is also lower for the Swedish scores - even though the exact
value cannot be decided. In case of the highest severity

grade, the Finnish scorings have a higher "common severity"
value.

In order to get a better understanding of the similarities
and differences between the Swedish and Finnish scorings, I
have evaluated some basic data from the report about the
selected 117 conflicts, i.e. conflicts scored by 4 teams or
more.

Appendix 7.7 presents the basic comparison, conflict by con-
flict. In table 7.18 the 117 conflicts are split with regard
to whether none of the two teams, one of them or both, had
scored the conflicts. In table 7.19 the Swedish scores are
compared with the Finnish and in table 7.20 the Finnish
scores are compared with the Swedish.
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TABLE 7.18 ICTCT CALIBRATION STUDY IN MALMO: SWEDISH AND
FINNISH SCORINGS; INDIVIDUALLY AND COMBINED,
FOR THE SELECTED SET OF 117 CONFLICTS.

A. Incl. Finland, severity grade 1

Scored Dbyvy:

Numbers in |3weden | Finland |Sweden and | Neither of Total
the common |only only Finland countries
severity 5 . s . S . s 5
scale No. % | No. = |No. 3 No. % Na. %

1= 40%) 2 5113 33 9 22 16 40 40 100
41~ 80 4 101 14 35 |18 45 4 10 40 100
81-117 4 11 8 22 |20 54 5 13 37 100
Total 10 9| 35 30 {47 40 25 21 117 100

B. Excl. Finland, severity grade 1

1- 40%) 9 22| 3 8 |2 5 26 65 40 100
41- 80 14 35| 7 18 |8 20 11 27 40 100
81-117 1 11| 8 22 20 54 5013 37 100
Total 27 23]18 15 |30 26 4z 36 117 100

*) Lowest common severity.
Derived from: Grayson, 1984

Derived from: Grayson, 1984.

TABLE 7.19 ICTCT CALIBRATION STUDY IN MAIMO: SWEDISH SCO-
RINGS COMPARED TO FINNISH.

Scored by Also scored Also scored
Sweden by Finland by Finland
{incl sev (excl sev
agrade 1) grade 1)
Number in the No. Nao. 5 No. %
common severlity (0f Swe- (0f Swe-
scale dish sco- dish sco-
res) res)
1- 40%) 11 9 g2 2 138
41- 80 22 18 82 3 36
81-117 24 e 53 27 83

Total

*) Lowest common severity

Derived from: Grayson, 1984.




178

TABLE 7.20 ICTCT CALIBRATION STUDY IN MAIMO: FINNISH SCO-
RINGS COMPARED TO SWEDISH.

Sccred by Alsc scored Scored by Also scored
Finland by Sweden Finland by Sweden
(incl sev (excl sev
grade 1) grade 1)
Numbers in the Nao. No. 3 No. Na. %
common severity (of Finnish (cf Fin-
scale scores) nish sco-
res)
1= 40%*) 22 9 41 5 2 40
41- 80 32 18 56 15 8 53
81-117 28 20 71 28 20 M

Total

*) Lowest common severity

Derived from: Grayson, 1984.

The following conclusions can be drawn from tables 7.18, 7.19
and 7.20.

If Finland severity grade 1 conflicts are included, then the
Finnish scores cover more than 80% of the Swedish scores,
the same for all three degrees of common severity. If Finland
severity grade 1 conflicts are excluded, then the cover is
very low at the lowest common severity, but is increasing to
the same level when the severity grade 1 conflicts are in-
cluded. If the two-thirds of the 117 conflicts with the
lowest common severity are counted, then less than one third
of the "Swedish conflicts" are scored by Finland, while
Sweden scores almost half of those conflicts scored by Fin-
land, regardless of whether Finland's severity grade 1 con-
flicts are included or not.

These results indicate very clearly that Finland is scoring a
large portion of the Swedish conflicts with the lowest common
severity as "potential conflicts". At the same time, however,
they add quite a few "potential conflicts" that are not
scored by Sweden. Table 7.18 also shows that the proportion
of all conflicts that are scored by both Sweden and Finland
is fairly low, even if the Finnish severity grade 1 conflicts
are included. The highest proportion is achieved at the
highest common severity.
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There are obviously two main points that can be concluded
from this special comparison between the Swedish and Finnish
scorings:

1) Finland seems to have re-ciassified some of the conflicts
that are classified by the Swedes as serious conflicts to
"potential conflicts". The Swedes do not score anything
like these "potential conflicts". Thus, in the field,

a Swedish observer detecting a conflict with low severi-

ty has to decide immediately whether to "accept" the conflict

as a serious one or not. The Finnish observer, on the other
hand, may compromise by "accepting" the same conflict as a
"potential conflict". The result may be that a Swedish ob-
server ends up with an over-estimation of serious conflicts
with low severity because he is "afraid of loosing some

information". The Finnish observer may end up with an under-

estimation of serious conflicts because uncertainty about
conflicts with low severity can always be resolved by
classifying border cases as "potential conflicts". ("I
have at least recorded the conflict").

2) The general agreement between the two teams is low, with
less than 50% of all conflicts in common. Particularly, it
seems as if the Swedish team is scoring less conflicts
with highest severity on the common severity scale.

Further investigations should try and find out to what extent
the indicated differences between the Swedish and the Finnish
scorings are due to differences in detection, and to what
extent they are due to differences in the interpretation of
severity in conflicts. Specially designed studies focused on
these problems would probably be very informative for both
the Swedish and the Finnish teanms.

7.4.4.3 Interrelation between all the teams

Further on in the report from the Malmé study, the interrela-
tion between the teams was calculated. (See table 7.21).

TABLE 7.21 THE MALMO STUDY: CORRELATIONS BETWEEN THE CON-
FLICT SCORES OF THE TEAMS FOR THE SET OF ALL
CONFLICTS AFTER SUBSTITUTION OF THE CLASSIFI-
CATIONS BY THE CATEGORY SCORES.

TEAMS AUS CAN GER FRA ENG SWE FIN
CANADA .26

GERMANY .52 .24

FRANCE .21 .37 .29

ENGLAND .21 .31 .52 .49

SWEDEN .22 .30 .23 .38 .30

FINLAND .36 .32 .40 .48 .53 .42

USA .32 .15 .36 .11 .31 .20 .35

From: Grayson (1984).
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Sweden correlates best with Finland, while Finland correlates
best with England, and Sweden as number three. This confirms
that the Swedish and Finnish techniques are associated, even
though the correlation "could have been better" compared to
the correlation with other teams. This general finding is,
however, much in line with my special comparison of the Swe-
dish and Finnish scorings.

The fact that the Finnish team includes "potential conflicts"
probably explains why Finland correlates better with England
and France than with Sweden.

The PRINCALS analysis was carried out of both the total set
and the selected set of 117 conflicts. The two conclusions
were similar, which implies that serious conflicts are not
treated differently than other conflicts, they are just as-
signed a higher score on the average. The conflicts in the
selected set were of above average severity, and all the
severe conflicts were present in the selected set.

One important conclusion of the PRINCALS analysis is that the
variation in scoring was derived mainly from differences in
the detection of incidents as conflicts rather than in the
evaluation of severity. Observers seem to have more dif-
ficulties with the detection than with the severity rating of
conflicts.

7.4.4.4 Comparison of subjective scores and objective mea-
sures

The first step in this analysis was to compare the PRINCALS
scores (the "common severity scores") with the minimum TTC
values as computed by IZF-TNO. The results are plotted in
figure 7.31.

The plot shows that there is a relation. The correlation 1is

r = - 0.46. We can also see that a high severity score always
corresponds with a low TTC. The opposite is not always true,
however, i.e. conflicts with a low-minimum TTC are not always
severe conflicts regarding the "common severity scale". This
analysis does not show, however, what other criteria are used
to evaluate severity.

In a second step these other relations were investigated as
well. Altogether there were ten parameters used for descrip-
tion of conflicts. (See table 7.22).
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FIGURE 7.31 THE MALMO STUDY: PLOT OF THE TTC VALUES
AGAINST THE SCORES ON THE COMMON SEVERITY
SCALE
The selected set of 117 conflicts.
From: Grayson, 1984.
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TABLE 7.22 THE MALMO STUDY: EXPLANATION OF PARAMETERS,
USED FOR DESCRIPTION OF CONFLICTS.

Road-user 1: Road-user with right of way. In car-following
situations, the first one.

- Road-user 2: Other road-user involved in interaction.

- V1: Initial speed of road-user 1 (m/s), as measu-
red in the beginning of the quantitative anal-
ysis of the interaction.

- V2: Idem for road—-user 2.

- Al: Maximum acceleration, road-user 1 (m/sz) pre-
ceding or during the interaction (mean value
during one second around the peak).

- A2: Idem for road-user 2.

- MDIS: Minimum distance between road-users (m), as
measured between two nearest points of both
road-users before, during or after the inter-
action.

- MTTC: Minimum time to collision value (s). For the
used time to collision concept, see a.o.
van der Horst (1982).

- DTTC: Distance between road-users (m) at the moment
the minimum time to collision value occurs

- PET: Post encroachment time (s) after the defini-
tion of Cooper (1983).

From: Grayson, 1984.

It was found that "Minimum Time to Collision" (MTTC) was the
most important factor in explaining the common severity
scale.

The second most important variable is "Minimum distance”,
although this variable does not add much to the description
of severity made by MTTC alone. "Conflict type" is adding
more to this description and "Minimum distance" and "conflict
type" together predict the severity score as well as MTTC
alone.

As far as conflict type is concerned, pedestrian conflicts
were regarded as most severe, while conflicts among cars and
lorries were regarded as least severe. Conflicts involving
bicyclists are in between the two other.

If "Conflict type" and "Manoeuvre type" are related to the
teams' scores the right-angle and left-turn conflicts are
distinguished from the rear-end, weave, and merge manoeuvres
and regarded as more severe.
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Speeds and accelerations, do not, in this study, correlate
with severity. This may be caused by the diversity of the
conflicts that were analyzed. Some preliminary analyses with
more homogeneous subsets of conflicts showed that, in these
subsets, both aspects are much more important. The subsets,
however, were too small to produce conclusive answers.

In an analysis where the scores of all teams were related to
MTTC and PET, it was found that the Finnish and U.S. teams
correlate highest with MTTC. The Swedish team, however, cor-
related less with MTTC than was expected.

7.4.5 Comments to the calibration results

The results were both encouraging and discouraging from the
Swedish teams' point of view.

It was expected beforehand, that "Minimum Time To Collison"
(MTTC) and the Swedish "Time to Accident" (TA) were highly
associated. In this field study, however, the correlation
between the Swedish scores and MTTC seemed to be low. One
explanation is, of course, that objective TTC is not compared
with objective TA, but with estimations of TA. Thus, reliabi-
lity problems may partly explain the low correlation. Still,
it does not seem to be relevant that the U.S. team is more
closely associated with MTTC than the Swedish team, as the
U.S. team does not have MTTC (or TA) included in their opera-
tionalized definition of severity of conflicts, while Sweden
has. Besides the Sweden 1-definition was based on "Time to
Accident"” only!

There has to be a more detailed analysis of the relation
between TA and TTC in order to find the actual relationship
between the two variables. One such effort is presented in
the next section.

The results from the analysis of objective data versus sub-
jective scores were quite encouraging from a Swedish point of
view. The findings in the calibration study coincide very
much with the conclusions drawn from the developmental work
carried out at our Department:

1) The "Minimum Time to Collision" (MTTC) was found to be the
most important factor in explaining the common severity
scale. Even though the correlation between MTTC and the
Swedish "Time to Accident" (TA) was not very strong in
this study, they are quite associated in theory as they
both deal with the time-margin to an accident.

The aforementioned comparisons between MTTC and TA, that
will be presented in next section, will give a more de-
tailed description of the relation between the two
measures than what was given in the report from the
calibration study.

It must also be mentioned here that an "objective TA" was
not tested in the calibration study, and its importance
compared to TTC can, therefore, not be estimated.
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2)

3)

4)

Oon
1ls

Finally, I want to stress that "conflict severity" in the
calibration study relates to the common severity scale
derived from the scores of the eight teams. It does not
relate directly to any measure of accident risk or in-
jury risk. This is important to keep in mind, as Sweden is
one of the few teams that have studied this relation on a
large scale.

The second most important factor in the comparison of
objective data with subjective scores was "Minimum distan-
ce" (MDIS). This measure is rather similar to MTTC, as both
describe the minimum marginal.

We do not include "Minimum distance" in our definition of
a serious conflict. The new generation of definitions that
is introduced, represented, for instance, by the ALT DEF 2
(see section 7.3), includes, however, the distance to the
collision point at the moment when evasive action is star-
ted. This measure is also combined with the approach speed
of the road-user. This combined measure is associated with
the MDIS-measure, and I therefore think that we do consider
the "Minimum distance" in a proper way. The main exception
is when there is snow or ice on the road surface, but
these conditions are excluded, generally.

The third most important factor was "Conflict type" (CT).
This factor was already introduced in our original tech-
nique. In chapter 5, the original risk matrix was presented
that transforms serious conflicts into "police-reported
injury accidents". One of two factors that were included
in this original risk matrix was CT, split into "car-car"
and "car-bicycle plus car-pedestrian". The last two groups
could not be split, due to insufficient data volumes. The
risk matrix very clearly indicates the same thing as the
calibration study, namely that "car-car" conflicts are
much less severe than "car-bicycle" and "car-pedestrian"
conflicts (in our case, though, measured as "accident to
conflict"-ratios).

The fourth factor, although of less importance than the
others in the calibration study, was the manoeuvre type.
Specifically, right-angle conflicts and left-turners versus
oncoming vehicles were found to be more severe than rear
end, weaving and merge conflicts. This is exactly in line
with what Linderholm (1981) found when he reanalyzed the
original Swedish validation data. (See also para 6.3).

the whole it can be claimed that the Swedish technique
very much in line with the major findings at the calibra-

tion study in Malmé. This is encouraging as it indicates that
the basic structure of the Swedish technique, i.e. defini-
tions and recording procedure, seems alright and needs only
small modifications from here on.
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7.5 A comparison of Swedish observers' estimations and
obijective data

7.5.1 Introduction

The calibration study in Malmé, as reported in section 7.4,
gave an excellent opportunity to compare the recordings of
the Swedish observers with objective data, evaluated with the
semi-automatique technique developed by IZF-TNO in the
Netherlands.

The evaluation of data from each conflict is quite time-
consuming, and the Dutch team had to analyze a sub-set of the
973 conflicts, scored in total by the teams. This sub-set
could be split in two parts:

- Conflicts scored by four teams or more (111), plus con-
flicts given a high severity score by one team (6).
Altogether 117 conflicts.

- All conflicts scored by three teams, during the
three days study at one of the three intersections.

Altogether 33 conflicts.

Ideally, a complete test of the Swedish scorings should be
based on an analysis of all events during the whole nine days
of study that were scored by the Swedish team, or should have
been scored.

The 973 conflicts as such, must be considered as a sample
that is very close to an ideal one. There are three main
reasons why I claim that:

a) First, the calibration study showed that Minimum Time to
Collision was the most important variable in explaining
the common severity scale derived from the scorings of
all eight teams. I therefore claim that the teams were
searching for conflicts that were quite similar to the
"Time to Accident", based conflicts that were to be scored
by the Swedes.

b) Second, all the other teams scored many more conflicts
than Sweden, i.e. they included less severe conflicts.

c) Third, the observation of eight teams made it very un-
likely that any events that might be of interest went

unrecorded.

The sub-set of the 973 conflicts that were analyzed by the
Dutch team was a very reasonable compromise, even with my
specific aims:

1) The 117 conflicts scored by four or more teams were of
particular interest to analyze, as they were considered
to be the most important ones that were recorded in the
calibration study.

2) The 33 conflicts scored by three teams gave a good
extra cover for three days of all conflicts that also
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might include some that were to be scored by the Swe-
dish team. Those conflicts that were omitted in this
analysis, i.e. conflicts scored by one or two teams,
were almost generally considerably less severe (on the
common severity scale) than conflicts scored by the
Swedish team. They should, therefore, be of less inte-
rest for this comparative exercise.

7.5.2 Analyzing technique

For the complete sub-set of conflicts mentioned earlier the
Dutch team provided me with all available data, thus enabling
my own comparisons.

The Dutch analyzing technique, developed at IZF - TNO, can

briefly be described as follows: (For further information see

Van der Horst, 1981, 1982).

In successive video frames, the positions of some easily
identifiable points on the road-user are selected. Coordi-
nates for these points are evaluated by positioning of elec-
tronic cross-hairs. One such point may, for instance, be the
touch of a wheel on the ground. By transformation rules,
based on at least four reference points, x and y, positions
of the video plane can be translated into positions on the
plane of the street. Van der Horst has chosen a sample of
four observations per second as being a reasonable compromise
between accuracy and time consumption for evaluation.

One of the parameters in Van der Horst's analysis, and the
most important for me, is the Time To Collision (TTC). Input
data are momental speeds and distances to the collision
point.

The following information, provided by Van der Horst, was
used in my comparisons:

- Speed-graphs of the two road-users involved
- Time To Collision (TTC-graph).

The measures were taken continously, every 0.24 seconds,
starting some seconds in advance of the conflicts.

Figure 7.32 presents a typical set of graphs when braking of
a car was the avoiding manoeuvre.

The conflict, as shown by the graphs in figure 7.32, can be
split into the following sub-events:

Time 1: The actual calculating of TTC starts.

Time 1-2: Road-user 1 is approaching with even speed.
Road-user 2 is accelerating.
TTC is approaching zero seconds somewhat faster
than running time.
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Time 2: Road-user 2 starts braking.
The TTC-curve is changing its inclination.
At this time the Swedish observer should estimate
the "Time to Accident", thus equal to TTC at this
moment. Thus "Time to Accident" in this example
1.0 seconds.

Time 3: Road-user 1 also starts braking
Road-user 2 continues to brake
TTC reaches its minimum
( = 0.8 seconds).

Time 3-4: Both road-users continue to brake
TTC is slowly starting to increase again.

Time 4: One of the road-users leaves the collision area
TTC turns to infinity, instantaneously.

Speed - 1 23 4
Road user [
1 (m/s) 1
L
4 f’__ﬂdﬂ\\ 4_//////
21 N
Speed [
Road user :
2 (m/s) !
4 \\
2 o
e |
(sec)
1.5 | N
0.5} 08
Interval: 0.24 sec Running

time (sec)

FIGURE 7.32 TYPICAL SET OF GRAPHS REPRESENTING ONE CON-
FLICT
car-car, avoiding manoeuvre: braking
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In most conflicts, the speed-graphs and TTC-graph combined
gave a clear picture of when the evasive manoceuvre was taken
and, consequently, what the objective TA-value was. On some
rare occasions, however, the graphs were difficult to inter-
pret. This was mainly linked with swerving as the evasive
maneuver. Figure 7.33 gives an example of this kind of con-

flict.

Speed -
- road
user 1 A
(m/s) 10

Speed -
- road
user 2

(m/s) .
10" L\‘,._.J’—\—-

TTC
(sec)

1.5

TA=0.60

v YT reTrYY T T T T T Y T YT YT T T Y

Interval: 0.24 sec Running time

FIGURE 7.33 SPEED GRAPHS AND TIME TO COLLISION GRAPH IN A
CONFLICT WHERE SWERVING IS THE AVOIDING ACTION
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In this case, there are no distinct changes either in the
speed-graphs or in the TTC-graph until the moment TTC goes
towards infinity. The reason is the following: the swerving
maneuver is started without any change of the speed. From the
moment the swerving has started, the direction of travel is
changed so quickly, that the collision course is almost
instantaneously changed to a (near) miss situation in stead.
As was mentioned earlier, there are 0.24 seconds between each
calculation in the graphs. In most cases, one such interval
will give ample time for the necessary change of direction of
travel. The moment for the start of the swerving manoeuvre
is, therefore, in these cases approximated with the moment
the TTC-curve goes towards inifinity, in figure 7.33 at Time
1. Time to Accident = 0.6 sec.

To overcome interpretative problems as far as possible, all
conflicts are also checked on video-tapings from the

study.

All the information combined made the evaluation of the
graphs reliable. Specifically, it was noted that the basic
elements in the Swedish operational definition of a serious
conflict are that the evasive manoeuvre is clearly visible,
and that there is a sudden and harsh change of speed and/or
direction. If this is transferred to the graphs, it means
that there should also be a visible change in either the
speed-graphs or in the TTC-graph - unless swerving was the
only evasive manoeuvre. This latter was, however, the case in
only 2 out of 55 conflicts scored by the Swedish team within
the selected set of 117 conflicts.

Two types of comparisons between objective data and the
Swedish scorings were made:

1) The cover rate by the Swedish observers, i.e. the ex-
tent to which conflicts are scored or not, in relation
to whether they should be scored or not.

2) The scoring ability by the Swedish observers, i.e. how
accurate they were able to estimate Time to Accident
and road-user speed at the start of the evasive action
(conflicting speed). This analysis was based on con-
flicts scored by the Swedish observers and three other
teams or more. (A sub-set of the 117 conflicts).

7.5.3 Cover rate by Swedish observers

The Swedish team used four different definitions in the Malmo
study (see also para 7.4). The comparisons that follow are
based on one of these, namely the original definition (TA <

1.5 s).

Table 7.23 presents the summarized results of the two studies
where the cover rate was calculated. The detailed results are

shown in appendices 7.8 and 7.9.
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TABLE 7.23 SCORINGS OF THE SWEDISH TEAM COMPARED WITH THE
OBJECTIVE EVALUATION.

Sample Objective Swedilsh s corings
evaluation
To be Not to be Scored Not Not scored Scored but should
ccored scored scored but should not be scored

be scored

(TA<1.5s) (TA>1.5s) ("missiny rate™)
Scored by*)
three teams 19 14 12 21 7 0
three days of (37%) (0%)
obs.
Scored by**)
£ t
our teams 57 50 51 56 11 6
or more the (19%) (12%)

whole study

*) Partly a sub-sample of the other.
**)Ten conflicts out of the 117 in the second sample were omitted
due to insufficient information from the graphs.

The "missing rates", for the two samples, i.e. the propor-
tions of conflicts that were not scored but should have been
were tested for independence using a chisquare test. The
hypothesis of independence was not rejected (5%-level), i.e.

it cannot be claimed that the two missing rates were different.

If the two samples are combined, the missing rate is 16/62,
corresponding to 26%. (As some of the conflicts belong to
both samples, these figures can not be derived from table

7.23 but only from app. 7.8 and 7.9). This rate is somewhat
higher than what was found in earlier studies (see chapter 5).

One important question is whether the missed conflicts are
biased in any way. Table 7.24 presents the Time to Accident
for missed and not missed conflicts.
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TABLE 7.24 TIME TO ACCIDENT FOR MISSED AND NOT MISSED
CONFLICTS BY THE SWEDISH TEAM.

»Average Time to Accident
Sample Missed conflicts Not missed conflicts
by the Swedish team

Scored by three
teams, three 1.07 (7)1 1.04 (12)
days of obs

Scored by four
teams or more, 1.01(11) 1.02 (45)
whole study

1) Number of conflicts.

Table 7.24 shows that the average Time to Accident is very
similar for missed and not missed conflicts. The missed
conflicts do not seem to be biased from this point of view,
but simply a random sample of the conflicts that should have
been scored.

This means that the missed conflicts are not particularly slight,
and this can therefore not explain why conflicts are missed.

One condition that might influence the proportion of misses
(i.e. not scored when it should have been and vice versa), is
the traffic volumes. One might think that heavy traffic would
increase the difficulty in recording conflicts so that the
proportion of misses increased. This was checked and the
result is presented in table 7.25

TABLE 7.25 MISSES BY THE SWEDISH TEAM AT PEAK HOURS AND
NONPEAK HOURS.
Sample: Conflicts scored by four or more teams
during the whole study.

Correct, i.e. Misses

scored by the Scored by the Not scored by
Swedish team and Swedish team the Swedish team
should have been but should not but should have

scored have been sco- been scored
red
Peak hours
11.30-13.00 28 I2 7'
15.30-18.00 9
Non-peak 29 4 4
L : 1

hours
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The total proportion of misses indicated by table 7.25 is
very similar for peak hours and non-peak hours. The propor-
tion of conflicts not scored is, however, bigger for the peak
hours. The numbers are toc small, however, to produce a
significant difference. The conclusion is that the study did
not indicate that the total proportion of misses seems to
increase during peak hours. The question whether the obser-
vers actually missed more conflicts during peak hours needs,
however, to be examined in a bigger study.

In the sample of conflicts scored by four or more teams there
were 50 conflicts that were not supposed to be recorded by
the Swedish team. Six of these (12%) were still recorded. It
is, however, encouraging to find out that the Swedish obser-
vers scored only a small part of these conflicts, even

though they were considered as being serious by at least four
other teams. This indicates again that the observers discri-
minated well, with regard to the 1.5 seconds criterion.

Besides these 6 "extra" conflicts stand for a small propor-
tion in addition to the correctly scored conflicts. As long
as these "extra" conflicts are not extremely biased regarding
any important variable, they will cause very little disturban-
ce to the results. The number of "extra" conflicts in this
study is too small to allow any statistical test of the bias.
A check, however, revealed that the conflicts scored when
they should not were similarly distributed, regarding invol-
ved road-user types, as the conflicts not scored when they
should have been. The bias, from this point of view, there-
fore does not seem to be extremely big.

7.5.4 The observer's ability to score Time to Accident

In the sample of 107 conflicts (those 107 conflicts out of

the 117 conflicts, scored by four teams or more), these 57

conflicts scored by the Swedish team formed the basis for a
comparison of estimated TA and objectively measured TA.

Seven conflicts had to be omitted in the comparisons, four of
them because information was missing in the graphs and three
because there were no TTC on the graphs. It is not known
wether these three events were near-misses where one or both
of the road-users reacted because "it was so close". In that
case those conflicts should be included regarding my proposed’
extension of our definition (see para. 6.1.6). As TTC-graphs
were missing because there was no collision course, I had to
leave them out from my analysis.

App. 7.10 gives the objectively computed TA-value (TA j) as
was shown 1n para 7.5.1 and the estimated TA-values (ERest)'

In figure 7.34 the TA_ g and TAobj are plotted.

Figure 7.34 shows that the difference between estimated and
objectively measured TA-values is fairly small, in most
cases. The average size of the difference (absolute values)
is 0.28 seconds. In almost half of the conflicts the differ-
ence is less than + 0.2 seconds, and in 82% of the cases the
difference is less than + 0.4 seconds.
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One can also see from figure 7.34 that the difference is
positive and negative almost equally often. On the whole, the
estimated TA-values are not very biased. The average diffe-
rence is only 0.05 seconds.

If the regression line for the estimated TA-values is com-
pared with the line TA_ .y = TA,,4 (See figure 7.34), one
finds that the inclina€ion of 88; regression line is signifi-
cantly different (5%-level) from 1. (The inclination of the
1ine TAeSt = TAobj.

Even though there is a significant difference figure 7.34
indicates that the main reason for the differences found, is
a small tendency that observers under-estimate high, objecti-
vely measured, TA-values and overestimate low values.

It is also interesting to see whether any specific type of
conflict produces any particular difficulties for the obser-
ver. The conflicts are therefore split into road-user type
involved, and (partly) into manoeuvre type. Figure 7.35 pre-
sents the regression lines for the split data. (Values are
derived from app. 7.10.

N
\
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/ 3 + 4 ; ooy
¢ + t t

5.3 1.9 1.5 2.0 2.5 TAoby
{sez)
FIGURE 7.34 THE RELATION BETWEEN ESTIMATED TIME TO ACCI-
DENT (TAEST) AND OBJECTIVELY MEASURED (TAO )
Conflicts Scored by Sweden within the samp?g
of 117 conflicts.
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Figure 7.35 indicates that car-car conflicts generally seem
to be more difficult to estimate than other types. Car-car
conflicts of rear-end and weaving type seem to be the most
difficult ones to estimate. This is very much in line with
the observers' opinion, i.e. the TA-values are very difficult
to estimate when the collision point is hard to detect, as in
the rear-end case when both cars are moving in the same
direction. The TA-values in weaving conflicts are difficult
to estimate, partly for the same reason as above, and partly
because the actual distance between the two cars is often
very small.

It must, however, also be noticed that the objectively
measured TA-values may have a systematic error in case of the
rear-end conflicts. The assumption is based on the following
facts:

- As was mentioned earlier, the semi-automatic technique, de-
veloped by IZF-TNO in the Netherlands, produces a distance to
the collision point by using the momental speed of the
vehicles. If the leading vehicle is decelerating in the mo-
ment the TA-value is supposed to be estimated by the human
observer on the ground, which is most often the case, then
the IZF-TNO-technique produces a "distance to the collision
point" which is longer than it would have been if there was
a collision. The estimates in the field, on the other hand,
should be based on the actual speed characteristics of the
leading vehicle. The semi-automatic technique should,

.due to this, produce higher values than the observer estima-
tions. This also seem to be the case if one compares the
average values for the seven rear-end conflicts. The sample
is, however, much too small to allow any definite conclusions
to be drawn. It is, therefore, not possible to state to what
extent there is a bias in the semi-automatic computation
in this case compared to a bias in the observer estimations.

The observers' estimations of TA in car-bicycle and car-
pedestrian conflicts seem to be much less biased than for
car-car. This is also in line with observers' opinion. The
numbers analyzed are, however, too small to allow any
definite conclusions to be drawn.

The general question as to whether the recordings are
biased with regard to the severity of conflicts is ana-
lyzed in figure 7.36. The new proposal for a severity
definition, earlier referred to as ALT.DEF.2 (See section
7.2 and 7.3), forms the basis for an individual comparison
of the estimated and objective values for each conflict.

The results are summarized in table 7.26.
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FIGURE 7.36 A COMPARISON OF THE SEVERITY OF ESTIMATED AND
OBJECTIVELY MEASURED CONFLICTS
Severity based on the ALT.DEF.2
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TABLE 7.26 THE DIFFERENCE IN SEVERITY CLASSIFICATION OF
CONFLICTS BETWEEN ESTIMATED AND OBJECTIVELY
MEASURED VALUES
A summary of figure 7.36

Difference between estimated and objectively
measured severity values for each conflict

- 1 class + 0 class + 1 class + 2 class sxa
Number of
conflicts 17 22 10 1 50
Number of
conflicts -17 0 +10 +2 -5

X classdiff

The results indicate that the difference in severity classi-
fication is very small between estimated and objective va-
lues:

- Almost half of the conflicts were given the same severity
class by the field observer, as was obtained via the objec-
tive evaluation.

- The net change of severity is very small - "one tenth of a
severity class in underestimation” on average for each
conflict.

- only in 1 out of 50 conflicts was the difference bigger
than one severity class.

7.5.5 The observer's ability to score Conflicting Speed

In appendix 7.10, the estimated and objectively measured con-
flicting speeds are listed. In this case, the comparison is
based on 53 conflicts where comparable data were obtained.

In figure 7.37, the estimated Conflicting Speeds are plotted
against the objectively measured Conflicting Speeds. The
inclination of the regression line is tested against the
inclination of the line "Estimated speeds = Objectively
measured". No significant (5%-level) difference was found.
Figure 7.37 also shows clearly that the differences are
small:

Oon average, there is an underestimation by 3.0 km/h. In 32
conflicts the speed is underestimated, in 13 it is overes-
timated while the estimated speed is equal to the objecti-
vely measured one in 8 cases. In 48 out of 53 conflicts (91%)
the difference is smaller than 10 km/h. In 28 out of 53
conflicts (53%) the difference is smaller than 5 km/h.

The underestimation of speeds seems to be about the same at
different, objectively measured, speeds.
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7.5.6 A comparison of Time to Accident (TA) and Minimum
Time To Collision (MTTC)

There is a general interest in finding out to what extent TA
and MTTC are correlated. It is also interesting to see wheth-
er objectively measured TA (TA,,s) and estimated TA (TAgq¢)
correlate differently with MTTE?

The graphs used in para 7.5.3 to evaluate TA s can be used
to evaluate the objectively measured MTTC as well. Appendix
7.11 presents the above mentioned values for the sample of
conflicts scored by Sweden, plus at least three more teams in
the Malmoé-study.

In figure 7.38 the estimated TA-values (TA_g+) are plotted
against the MTTC-values, and in figure 7.35 Ehe objectively
measured TA-values (TAobj) are plotted against the MTTC-
values.

The results show that the correlation is higher for TA -
versus MTTC than for TA_,g+ versus MTTC. One important $8dson
for this is that, in thé Eatter case, the difference between
the two measures is, par definition, restricted to one side,
while this is obviously not true for the first relation.

One can therefore conclude that the relations are not very
clear for all conflicts together.

The question remains, however, as to whether a split of the
conflicts might produce more distinct relationships. The
conflicts are, therefore, split with regard to conflict type,
manoeuvre type and Conflicting Speed, and related to the
difference between objectively measured TA and MTTC. The
results are shown in figure 7.40. It can be clearly seen in
the graph that there are no distinct relationships. A linear
regression analysis for each of the three conflict types/
/manoeuvre types also produced low correlations. The highest
value is for car-car, right angle + left turning conflicts.
(r = 0.37).
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7.5.7 Comments
The reliability problem has two aspects:

1) The detection of the conflict
2) The scoring of the conflict.

A conflict that should be scored and was not, would be due to
the fact that the observer did not detect the conflict, or
that he did detect it but rejected it because his estimation
of the TA value was above the threshold, 1.5 seconds.

A conflict that is scored when it should not have been, is
done because the observer estimated the TA value incorrectly.

The combined detection rate for the two samples in the analy-
sis described in this section was 26%. This is fairly in

line with the results obtained in earlier reliability studies
(chapter 4).

Two questions are important:
la) Are the misses biased in some way?

1b) Do the "extra" conflicts (scored by the observer but
should not) cause any problem?

Question la) can be answered with a no! There are no indica-
tions that the missed conflicts are different with regard to
TA or conflict type, than the other conflicts. There is, how-
ever, an unverified indication that the detection rate is
lower at peak hour traffic. This aspect must be studied
further in order to gain a better knowledge of the optimal
number of field observers that should be used in different
traffic volumes.

Question 1b) can also be answered with a no. Primarily becau-
se the proportion of "extra" conflicts seems to be quite
small, in the analysis described in this section around 10%,
and in the earlier reliability studies (chapter 4) around 5%.
Besides, the "extra" conflicts do not seem to be very biased,
at least with regard to the variable "road-user involved".

On the whole, one must conclude that the comparison (desc-
ribed in this section), between our observer's recordings and
the objective evaluation, has shown that the detection of
conflicts is carried out very well by the observers.

Regarding the second aspect, the scoring of the conflicts,
one must also conclude that the observers seem to be able to
do this in a very reliable way. On average there was almost
no difference between estimated and objectively measured con-
flicts, either regarding Time to Accident, conflicting Speed
or severity of the conflicts.




204

The observers do not seem to be biased, but only produce a
small, random, error in the scoring. Included in the judgement
that the observers do the scoring in a reliable way, is also
the fact that they discriminated well between serious and
non-serious conflicts with regard to their definition (in
spite of the fact that these non-serious conflicts were
scored as serious conflicts by at least four other teams).
(Quite another question is whether these conflicts should be
included in the Swedish definition for validity reasons.
This, however, could only be evaluated through some kind of
joint international validation study, where different defini-
tions of serious conflicts were validated against accidents
and compared) .

The findings above indicate that the main reason for misses
seems to be poor observation. Two objective reasons for this
are overloading of the observer (too much traffic) or diffi-
culties for the observer to see certain manoeuvres. The first
problem could partly be solved by further training of the
observers, and shortening of the length of observation pe-
riods. The second problem could partly be solved by circulat-
ing the observer(s), so that "all parts of a location are
covered in a similar way.

In the German technique developed at the Technische Universi-
tat in Braunsschweig (Erke 1979), the observers circulate
with regard to a pre-made plan. When circulation is executed,
the observers have a short brake as well, to allow them to
recover mentally and physically.

The comparison of Time to Accident (TA) and Minimum Time To
Collision (MTTC), shows that the difference between the two
measures does not correlate with any known variable. This
indicates that the two measures individually produce diffe-
rent severity rating of the same conflicts. Comparative vali-
dation efforts are needed in order to gain further knowledge
about advantages and disadvantages with the two measures, as
individual variables, or combined with each other.
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8 PERCEPTION OF RISK IN CONFLICTS

8.1 Introduction

The road-users' perceived level of risk is a fundamental
issue in research dealing with risk theories of any kind.
Questions concerning the perceived level of risk under diffe-
rent circumstances and what the consequencies are with regard
to the behaviour performed by a road-user, have been of great
importance and will be so even in the future.

In this chapter I will give a contribution to this research
by presenting findings we have achieved regarding the per-
ceived level of risk for road-users who have been involved in
conflicts.

The results will be used for three purposes here:

1) In chapter 3 it is hypothesized that serious conflicts can
be characterized as break-downs in the interaction bet-
ween two road-users, i.e. at least one of them would not
like to be involved in the creation of a similar event de-
liberately. (Para 3.3.1). The results presented in section
8.3 can be used to study the above mentioned hypothesis.

2) It is of general interest to see how road-users act upon
their risk concept and how this coincides with how we and
other researchers have tried to incorporate the concept in
our definitions of conflicts and conflict severity.

3) Theories concerning road-users perception of risk and its
implications on their behaviour may be an important factor
in understanding the role of human behaviour in accident
causation.

In this connection the "theory of risk homeostasis" presented
by Wilde (1982) has raised my interest. Knowledge regarding
road-users' perception of risk in conflicts ma be able to be
used in the further discussion and verification, or rejec-
tion, of theories like the one presented by Wilde.

In order to be able to discuss this matter I will, therefore,
start by making a short presentation of Wilde's theory.

8.2 Theory of risk homeostasis by Wilde

Wilde's general idea behind his theory of risk homeostasis
is, that a person who is for instance, driving a car is
acting in a way that may be understood as a homeo-statically
controlled self-regulation process. At any moment of time the
instantaneously perceived level of risk is compared with the
level of risk the individual wishes to take, and decisions to
alter on-going behaviour will be made wherever these two
levels are discrepant. Whether the avoiding behaviour will
have the desired result of re-establishing equilibrium
between the target level and the perceived level of risk,




206

depends upon the individual's perceptual, decisional and
executional skills.

Wilde is presenting a task analysis model of driver be-

haviour. (See figure 8.1).
@
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FIGURE 8.1 A SIMPLIFIED TASK ANALYSIS MODEL OF DRIVER
BEHAVIOUR.

From: Wilde, 1982

Figure 8.1 deals with decisions that influence driver beha-
viour for a very short period of time, like a couple of
seconds. Figure 8.2 below, which is a simplification of
figure 8.1, sums across individual driver's or other road
user's and it extends the time frame from a few seconds to a
year or so. The skills (box 15 in Figure 8.1) have been
subdivided into perceptual, decisional and executional (ve-
hicle handling) skills (boxes 4, 2 and 3 in Figure 8.2).

Wilde argues that the skill factors as well as extraneous
interventions provide a greater opportunity, but not a grea-
ter desire for safety. They do, at most, have a temporary
effect upon the level of subjective and objective risk. The
only factor that appears to determine the long-term level of
subjective and objective risk is the target level of risk,
which, in turn, is dependant upon the individual's evaluation
of the costs and benefits of various action alternatives.
This is the situation, Wilde claims, that provides a potential
opportunity for external intervention for the purpose of
reducing accident rates.
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FIGURE 8.2 HOMEOSTATIC MODEL RELATING ACCIDENT RATE TO
DRIVER BEHAVIOUR.
From: Wilde, 1982

The theory proposed by Wilde was earlier called the "Theory
of Risk Compensation" but is now called the "Theory of Risk
Homeostatis". According to the theory, fluctuation in the
perceived accident rate is followed by adjustment actions
that tend to stabilize the average accident rate over time.

In order to be able to come to a perceived level of risk and
be able to compare this with the target level of risk, the
road-user has to come up with some kind of estimation of the
accident likelihood in different situations. Generally, Wilde
says, the road-users are not explicitly informed of these
likelihoods based on accident statistics as collected and
analyzed by government agencies. Instead, they must distill
risk estimates from their own day-to-day experience. This
includes the number and intensity of emotional (i.e. anxiety
provoking) events that occur to them on the streets and
roads, events experienced as close calls or near-accidents,
and the accidents they see either happening or the results
after these occurred. Figure 8.3 describes the adjusted mo-
del, when drivers are receiving feed-back through personal
experience, rather than from recorded accident frequencies.
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I do not want to make any general statements with regard to

Wil
to
of

1)

2)

3)

4)

de's theory. There are, however, some aspects that I want
focus on, all more or less of interest in the perspective
the empirical findings I will present in next section:

There is no doubt that almost any safety-related counter-
measure, of any kind, "modifies" road-user behaviour in
some way. This "modification" may be due to many different
factors, one of which is the perceived level of risk. The
main point that I want to stress, however, is that this
"modification" changes the risk level in a way that was
not anticipated. Quite often this results in a "net" im-
provement of risk that is smaller than expected.

The use of studded tyres is one example: Carlsson (1979)
found in a study that vehicle drivers that had cars with
studded tires drove faster than drivers without studded
tires. One conclusion of the study was that the higher
speeds by drivers with studded tires made the "net"-
improvement smaller than originally anticipated.

The role played by the perceived level of risk is of great
interest: How do for instance, road-users operationalize
their perceived level of risk? What cues do they use to
evaluate this risk level?

How does a change of the actual risk change the road-
users' behaviour and how does this in turn influence the
actual risk?

What role is played or could be played by conflicts
in this context?
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.3 The perceived risk among road-users involved in
conflicts
3.1 Introduction

The results presented in this section were achieved in a
larger project dealing with the safety of unprotected road-
users on arterial streets (Hydén, Stahl, 1979, Hydén, 1981).

The main questions that I will deal with in this presentation
are:

8.

Do road-users react specifically to events classified as
serious conflicts compared to other events, i.e. can it be
claimed that road-users do not deliberately get involved in
such conflicts.

What cues are road-users using in their operationalization
of risk perception?

3.2 Technigque used

The technique that was developed, and used in all six studies
presented here, had the following design:

1.

A conflict observer was installed at an intersection. Con-
flicts, serious as well as non-serious ones, were recorded.

Four policemen were located adjacent to the intersections
closest to the one studied, one in each exiting direction.
Immediately after a conflict was recorded the police-

men were asked by the observer, via wireless communication
to stop those vehicles that were involved in the conflict.
Interviewers were always on hand at the intersection and
they went straight to the locations where vehicles were
stopped. Pedestrians were stopped by the interviewers
themselves.

The interview was started as soon after the conflict oc-
curred as possible. Normally, this was within 1-2 minutes
after the occurrence of the conflict.

The first two questions were the only ones relevant to
this presentation. They dealt with the attention paid by
those involved in the conflict. The first question was:
"Did anything particular happen when you passed that last
intersection?" (The interviewer was given information
about the conflict by the observer). The answer was im-
mediately checked: if the answer was correct, i.e. if the
correct conflict was mentioned, the interview continued
with the second question. If the correct conflict was not
addressed then the interviewer asked (specifically for each
conflict), for example, "Didn't you see the pedestrian
that you were forced to brake for?"
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The second guestion was: "What is your assessment of a
situation like the one you were involved in?" Three alter-
natives were mentioned:

- Could easily have ended up as an injury accident (EA)
- Could possibly have ended up as an 1injury accident (PO)
- Could hardly have ended up as an injury accident (HA)

5. All conflicts were recorded on video; afterwards four expe-
rienced conflict observers scored the conflicts from video,
independently. The mean estimated values on Time to Acci-
dent and Conflicting Speed were then used as the objec-
tive values.

The idea behind the first of the two questions was to find
out whether the conflict had caused any reaction at all among
those involved. There are so many events occurring during a
trip that all but the most "spectacular" ones have to be
sorted out immediately. An event that is still remembered 1-2
minutes after the occurrence must, therefore, have produced a
significant increase in the average "arousal" level.

The second question, that deals directly with the perceived
risk, is phrased as it is because our serious conflicts are
validated against (police-reported) injury accidents.

The answers to both questions were related to the following
three factors:

i) Time to Accident (TA)
2) Conflicting speeds (CS)
3) Type of road-user.

At the time of these studies, 1977-79, the "new generation"
definitions of severity were not developed. TA and CS are,
therefore not combined in these studies in a way that enables
me to test the results against any "new generation” definition.

8.3.3 The selected intersections

Altogether six intersections were selected. They were all
four-way intersections and located in urban areas with a
speed limit of 50 km/h, all on intersecting streets. Table
8.1 gives the characteristics of the intersections.
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TABLE 8.1 INTERSECTION CHARACTERISTICS
Interviews with road-users involved in

conflicts.
Intersection City Type of Number Priority
regulation of lanes rule
I Malmo Non-signalized 2 x1 Give way
I1 Malmo -"- 2 x 2 Give way
I11 Malmo -"- 2 x 3 Right-hand
priority
v Malmo -"- 2 x 2 Right-hand
priority
v Goteborg - 2 x 2 Give way
VI Vasteras M- 2 x 2 Give way

8.3.4 Missing data

In the first two studies, (Malmdé I, Malmé II) the missing
data was checked.

Table 8.2 shows that the missing interviews range from 20%
to 31%. The results are fairly equal for the two intersec-
tions, with a somewhat larger proportion of missed interviews
among the non-serious conflicts. The proportion of missed
conflicts seems to be rather equally distributed among the

three types of road-users. The two main differences are:

- car drivers in car-car conflicts generally have a higher

proportion of missed conflicts. This is not the case with
car-drivers in other types of conflicts.

- Pedestrians have a significantly higher proportion of
missed non-serious conflicts.

There were two main reasons for missed interviews:

- cars or bicyclists were not stopped either because radio-
communcation did not work, or the policeman could not ful-
£ill his task due to the traffic situation. These misses
represents 25% of the total.

- Road-users were stopped but they did not want to be inter-
viewed. In the majority of these cases time-restraints
were said to be the main reason (75% of the missing
interviews).
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In the first case there is no reason to believe that the
missing interviews are biased.

In the second case, however, there is a risk that the missing
interviews are biased, primarily with regard to the fact that
these road-users said they were in a hurry. It is not possib-
le, however, to state the character of the bias with regard
to questions about perceived severity that we will analyze
here. Still, these missing interviews only represent between
15% and a bit more than 20%.

TABLE 8.2 THE NUMBER OF INTERVIEWS AND MISSED INTERVIEWS

Interviews with road-users involved in conflicts
Malmo I + II

INTERSECTION: MALMO I

Car- Car- Car- Total
Pedestrian Bicyclist Car
Car- Ped Car- Bic.
driver driver
The potential number
- . of interviews 17 17 9 9 18 70
Serious
conflicts The actual number of
interviews 14 14 9 8 11 56
Missing interviews, Ng. 3 3 0 1 7 14
% 18 18 0 11 39 20
The potential number
: of interviews 11 11 15 15 20 72
Non serious
conflicts -
The actual number of
interviews 10 4 12 14 14 54
Missing interviews, No. 1 7 3 1 6 18
% 9 63 20 6 30 25
INTERSECTION: MALMO II
The potential number
of interviews 10 10 6 6 18 50
Serious
conflicts The actual number of
interviews 9 9 5 4 13 40
Missing interviews, No. 1 1 1 2 5 10
% 10 10 17 33 28 20
The potential number
) of interviews 8 8 2 2 12 32
Non serious
conflicts The actual number of
interviews 7 4 2 0 9 22
Missing interviews, No. 1 4 0 2 3 10
% 12 50 0 100 25 31
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8.3.5 Results

The first part deals with the road-users' notice of con-
flicts, i.e. the answers to the first of the two questions.
The results regarding the relation between the notice of
conflicts and their Time to Accident value is presented in
table 8.3.

TABLE 8.3 ROAD-USERS' NOTICE OF CONFLICTS COMPARED WITH
THEIR TIME TO ACCIDENT VALUE

IntersectionCorIAil.O sec [1.0 s<TAL1l.5 s .5 s<TA<L 2.0 s
location rect* Yes* No*|[Correct* Yes* No*|Correct* Yes* No*
Malmd 22 4 2 39 20 5 14 15 8
I + II % 79 14 7 61 31 8 38 41 21
Malmd 23 0 1 17 10 12 6 5 3
111 % 96 0 4 44 26 30 43 36 21
Malmd # 11 2 4 13 12 5 4 6 6
v 3 65 12 23 43 40 17 25 37 37
G8teborg # 11 1 2 15 3 3 2 0 1
% 79 7 14 71 14 14 67 0 33
Vdsterds # 10 2 1 16 5 1 1 1 0
% 77 15 8 73 23 4 50 50 0
TOTAL # 77 9 10 100 50 26 27 27 18
% 80 10 10 57 28 15 38 38 24

*) Correct; The road-user was referring to the correct conflict

at once

Yes; The road-user remembered the conflict when being
reminded

No; The road-user did not remember the conflict when

being reminded.
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The proportion of correct answers increases significantly
with increasing severity, as measured by Time to Accident.
Serious conflicts (TA < 1,5 s) have a higher proportion of
correct answers (0.5%-level), than non-serious conflicts.
These proportions are fairly similar in the five studies. No
statistically significant differences were found between the

studies.

The second question dealt directly with the risk perceived by
road-users involved in conflicts. The answers to this ques-
tion, related to the Time to Accident of the conflicts, are
summarized in table 8.4. Even in this case the answers are
distinctly related to the TA-values, i.e. the lower the TA-
values are the higher the proportion of answers "EAsily". The
relationship is somewhat less clear than for the first ques-
tion. Still, the proportion of answers "EAsily" is signifi-
cantly (1%-level) higher for serious conflicts than for non-

serious ones.

TABLE 8.4 ROAD-USERS' PERCEIVED RISK IN CONFLICTS RELATED
TO TIME TO ACCIDENT VALUES.

Intersection TA< 1.0 s 1.0 s<TAK1.5 s 1.5 s<TAK2.0 s
location EA* PO* HA* EA PO HA EA PO HA
Malmd # - 6 6 15 10 9 45 2 10 25
I + II % 22 22 56 16 14 70 5 27 68
Malmd # 5 4 17 5 3 41 0 4 10
I1I % 19 15 65 10 6 84 0 29 71
Malm& # 8 1 8 4 6 17 1 3 13
v % 47 6 47 15 22 63 6 18 76
G&teborg # 4 4 7 4 1 16 1 0 2
% 27 27 47 19 5 76 33 0 67

Vidsterds # 4 1 7 2 6 14 0 0 2
% 33 8 58 9 27 64 0 0 100

TOTAL ## 27 16 54 25 25 133 4 17 52
% 28 16 56 14 14 72 6 23 71

* EA; Could EAsily ended up as an injury accident
PO; Could POssibly ended up as an injury accident

HA; Could HArdly ended up as an injury accident.




215

The influence of Conflicting Speed has only been studied for
the I + II in Malmdé. In Appendix 8.1,2 the detailed results
are presented. Table 8.5 summarizes the results with regard

to road-users'

notice of conflicts.

The table indicates small

differences in the proportions between Conflicting Speed
below and above 30 km/h. None of the differences are statis~-
tically significant.

TABLE 8.5 THE PROPORTION OF ROAD-USERS THAT REMEMBERED
THE CONFLICT AT ONCE, RELATED TO CONFLICTING
SPEED
Malmo I + II
Serious Non-serious Total
conflicts conflict
(TA £ 1.5 sec) (TA > 1.5 sec)
Conflicting
Speed >30km/h | <30km/h|>30km/h|<30km/h|>30km/h|<30km/h
§§o§8§§ion 30/521) [31/40  |12/33  |12/42 |42/85 |43/82
usSers fe-
membering 58 % 78 % 36 % 29 % 49 % 52 %
the con-
flict at
once

*) Remembering/Total

Table 8.6 summarizes the results of appendix 8.2 with regard
to the perceived risk of road-users.

TABLE 8.6 THE PROPORTION OF ROAD-USERS THAT ANSWERED THAT
THE CONFLICT COULD "EASILY" HAVE LED TO AN INJURY
ACCIDENT, RELATED TO CONFLICTING SPEED
Malmo I + II
Serious Non-serious Total
conflicts conflict
(TA £ 1.5 sec) (TA > 1.5 sec)
Conflicting
Speed >30km/h | <30km/h|>30km/h|<30km/h|>30km/h|<30km/h
Proportion
of answers |9/44,, 7/38 3/21 4/31 |12/65 |11/69
"easily" '
20 % 18 % 14 % 13 % 18 % 16 %
1) Easily/Total
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Again, the differences between the two Conflicting Speed in-
tervals are very small and without any statistical signifi-
cance.

For the Malmo (I + II) I have also split the data regarding
perceived risk for road-user type involved. (Appendix 8.3).
The results are summarized in table 8.7.

THE PROPORTION OF ROAD-USERS THAT ANSWERED THAT
THE CONFLICT COULD "EASILY" HAVE LED TO AN INJURY
ACCIDENT, RELATED TO TYPE OF ROAD-USER

Malmo I + II

TABLE 8.7

Serious Non-serious Total

conflicts conflicts

(TA < (TA > 1.5 sec)

1.5 sec)
Unprotected road-users Numb 9/291) 1/9 10/38
in conflict with pro- Prop- 31 % 11 % 26 %
tected road-users otions
Protected road-users Numb 4/33 1/13 5/46
in conflict with un- Prop- 12 % 8 % 11 %
protected road-users otions
Protected road-users Numb 3/29 0/15 3/44
in conflict with pro- Prop- 10 % 0 % 7 %
tected road-users otions

*) Easily/Total

The table indicates that unprotected road-users, tend to per-
ceive a higher risk than the protected road-users, parti-
cularly in serious conflicts. The difference is statistically
significant (the ratios between answers "easily" and other
are compared) for serious conflicts and for the total, in
both cases, however, only on the 10%-level.

Protected road-users seem to perceive the same risk in con-
flicts with unprotected road-users as in conflicts with other
protected road-users. :

In the studies in Malmé, IV, in Vasteras and Goteborg, the
first interview on the street was followed up, immediately
afterwards with a video-session where the road-user was asked
to comment on a couple of issues while watching the conflict.

In the beginning of each session the conflict was shown a
couple of times so as to give the road-user the opportunity
to get used to the media. In this context one of the ques-
tions was of particular interest: the direct question of
perceived risk that was put forward at the on-road session

was repeated at the video-session.

The results are summarized in table 8.8.
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TABLE 8.8 PERCEIVED RISK BEFORE AND AFTER WATCHED THE
CONFLICT ON VIDEO
Malmoé IV, Géteborg, Vasteras

Perceived Easily Possibly Hardly Sum

risk
Before Easily 15 3 4 22
the
video Possibly 2 10 5 17
showing
Hardly 2 10 37 49
Sum 19 23 46 88

The missing interviews were numerous at these video-sessions.
Only 88 out of 234 road-users (38%) agreed to participate.
This was mainly due to the fact that it was considerably more
time-consuming and inconvient because road-users had to walk
to a van that was parked close to the location. Still, I
think that these specific results give some indications of
how road-users react when they are able to see all the de-
tails of the conflict repeatedly.

In total, 62 out of the 88 road-users (70%) kept their
original opinion. Fourteen (16%) thought that the conflict
was more severe and 12 (14%) thought 1t was less severe
after having watched the conflict on video. Only in 6 cases
(7%) did the road-user change opinion more than one step.

8.3.6 Conclusions

The results indicate clearly that road-users reacted much
more strongly to serious conflicts than to non-serious ones,
both regarding their notice of them and the perceived risk.

If one takes into account all the encounters that a road-user
continously experiences in urban traffic, it is quite obvious
that each individual encounter is kept in mind only for a
very short period of time. In order to stay in the short-term
memory of the road-user, an event must bear some odd charac-
teristics. It is reasonable to presume that conflicts are
remembered because an accident was close.

The results show that Time to Accident is strongly correlated
to the perceived risk. At low Time to Accident values, most
road-users seem to still remember the conflict 1-2 minutes
after it occurred, while at high values rather few remembered
it.
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The answers to the direct question about perceived risk also
revealed a distinct relation to Time to Accident. The inter-
pretation of these answers, however, is not simple. The
answer may, for instance, (except for the part concerning the
"pure" perceived risk in the conflict), also reflect atti-
tudes towards other road-users, road-user types, the specific
road-user they conflicted with, or the attitudes to traffic
safety in general. The interpretation has, unfortunately, not
been possible to check afterwards.

Conflicts of different severity reflect, as was shown in
section 7.3, different likelihoods of an injury accident.
These likelihoods are very small, and not possible at all to
derive empirically for the road-users. Still they tend to
discriminate surprisingly well with regard to the Time to
Accident criterion.

on the other hand conflicting Speed does not seem to corre-
late at all with the perceived risk. This might be due to one
or both of the following facts:

- Conflicting Speed is "just" the speed when one of the road
users starts an evasive action and not, for instance, the
speeds when the road-users are closest to each other.

- Conflicting Speed only says something about the speed of
the relevant road-user, and not about the speed of the
other road-user involved in the conflict.

Unfortunately, data were not classified in a way that enabled
me to test the new definition of a serious conflict, based

on the ALT.DEF2 (see section 7.3). Such a test might have
given a better perspective on the conflicting Speed aspect
than was the case.

The results discussed above may be used to test the hypothe-
sis concerning "serious conflicts as being break-downs in the
interaction between two road-users, i.e. at least one of the
road-users would not deliberately get involved in a similar
conflict".

Neither of the two questions that were put to the road-users
involved in conflicts directly reflect the hypothesis. Indi-
rectly they do, however. The question concerning road-users'
notice of conflicts indicates to what degree the road-users
were mentally stressed by the conflict and, indirectly, to
what degree they would not like to get involved deliberately
in a similar conflict. The question directly concerned with
the perceived risk in conflicts indicates more clearly the
extent to which road-users would avoid getting involved in a
similar conflict. Especially when they answered that the
conflict could "EAsily" have ended up as an injury accident,
is it reasonable to suppose that they would not deliberately
like to get involved in a similar conflict.

The following comments may now be made with regard to the
hypothesis mentioned above:
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If one looks at serious and non-serious conflicts as a

whole, the hypothesis seems to be verified to a fairly large
extent. Serious conflicts, in our sample, produced signi-
ficantly more answers that indicated a "mental stress"

among the road-users. If the results are extrapolated one
can see that the proportion of road-users that spontaneous-
ly recognized the right conflict and said that it could
fEasily" have ended up as an injury accident was approach-
ing 0% when the TA-value is approaching 2.5-3.0 sec, while the
proportions would approach 100% when the TA-value is approaching
0 seconds. This means that if all conflicts within this TA-range
are included, then there is a considerable difference between the
average serious conflict and the average non-serious conflict.
Regarding the spontaneous recognition of the conflict the
serious conflicts would range between 60% and 100% while

the non-serious conflicts would range between 0% and 40%.
Regarding the answers to the question concerning the per-
ceived risk in conflicts, the proportion that answered
"EAsily” would range from 14% to 100% for serious con-
flicts, and from 0% to 6% for non-serious conflicts.

To conclude: there is a very distinct difference between
serious and non-serious conflicts with regard to the road-
users' reaction to the conflicts. On the other hand, it is
difficult to claim, based on the results presented, that
"there is always at least one road-user in serious con-
flicts that does not want to get involved in a similar con-
flict deliberately", and that "there are no such road-

users in non-serious conflicts".

The last two statements above postulate that there is a
discrete changeover from serious conflicts to non-serious
ones, i.e. that there exists a distinct threshold at TA =
1.5 seconds with regard to how the road-users react to the

conflict.

Such a threshold does not exist, however. The changeovers
seem to be continous to its nature. This implies that the
critical value of 1.5 seconds does not seem to be a thres-
hold value. From this point of view it would, therefore, seem
to be alright if the value had been somewhat higher or lower.

Unfortunately the test of the threshold could not be made
on the new definition, ALT.DEF.2 (see section 7.3). That
could have introduced the speed aspect in a more relevant
way than was the case now.

To summarize the discussion above, the main conclusions with
regard to the hypothesis are:

(o]

It looks as if the hypothesis is verified to a large

extent, i.e. most serious conflicts seem to create such a
high level of "arousal" among the involved road-users that
they would not like to get involved in a similar conflict

deliberately.

Most non-serious conflicts do not seem to create the same
high level of "arousal'. At the same time it seems clear
that this level of Marousal" is continous with Time to
Accident, even in the area where Time to Accident equals




220

1.5 seconds. Even though there is no distinct threshold
value, the chosen border between serious and non-serious
conflicts (TA = 1.5 sec) still seems to be approximately
of the right size, from the point of view of road-user’
reactions.

Interview studies, focusing more specifically on the aspect
of "deliberate involvement in conflicts", would provide us
with more in-depth knowledge. For instance, the threshold
between serious and non-serious conflicts could then be bet-
ter defined regarding road-users' reactions and related to
aspects of validation against accidents.

The break-down into road-user types, indicates that unpro-
tected road-users perceive a higher risk than protected ones.

Risk is, however, somewhat ambiguous here: the car driver
might think of the risk for himself personally, not for the
pedestrian (at least subconsciously, while driving). There
are also, however, some other possible explanations for the
differences found:

- An unprotected road-user does feel more vulnerable.

- An unprotected road-user is "closer to the scene", not
insulated in a cabin as the protected road-user.

- The protected road-user is most often the one that takes
the evasive action. This might give him a better understan-
ding of the potential need for avoiding an accident. At
the same time this might create a feeling of frustration
for the unprotected road-user.

It is not possible from these studies to find out what factor
contributes most to the found difference between how diffe-
rent road-user types perceive risk. This knowledge may, how-
ever, be of interest in the whole process of trying to under-
stand the motives behind the behaviour of road-users.

The main conclusion from the video-session regarding per-
ceived risk is that a great majority kept their original
opinion, and when the opinion was changed, it was done equal-
ly often in both ways. It, therefore, seems as if road-users

had a "realistic" view of the perceived risk in the field.

A comparison of the results presented in this section with
the findings from the calibration study in Malmé, where the
results of eight teams were combined, (see also section 7.4)
draws attention to some interesting points:

- The most important factor, when discriminating conflicts
with regard to severity, was found to be Time to Collision
(TTC) in the calibration study in Malmo. This measure is
closely related to Time to Accident, which seems to be
the most discriminating factor among road-users themselves.

- The second most important factor in the calibration study
in Malmé was both "type of road-user" and "speed". Even the
road-users themselves seemed to discriminate with regard to
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"type of road-user" involved although in a more limited way.
"Speed", however, was not found to influence the perceived
risk in our own study. One reason might be that "speed

in the Malmo-study meant the speed of the road-users during
"the whole" conflict, while "speed" in our study meant the
Conflicting Speed, i.e. the speed of one of the road-users
in the moment the evasive action is started.

On the whole, however, the comparison with the results from
the calibration study in Malmé shows that there is a good
deal of consensus between road-users' perception of risk in
conflicts and the way in which eight different conflict tech-
niques operationalize severity of conflicts. This indicates
to me that road-users once involved in conflicts have a very
realistic view of the risks involved. The only-draw back in
our own study is that we restricted the control group to
"non-serious" conflicts, based on our definition. An enlarged
control group may have revealed some other types of events
that were ranked high with regard to perceived risk.

8.4 Discussion related to Wilde's theory

our studies focused entirely on the perceived risk once road-
users get involved in conflicts. This is, on the other hand,
according to Wilde, one of the main factors that contributes
to the perceived level of risk that each road-user is ending
up with. This perceived level of risk, again according to
Wilde, is then compared to the target level of risk. To
improve safety, Wilde claims, one has to change the road-
users' target level of risk.

Now the interesting thing is that the target level of risk,

in my opinion, must be based on similar grounds as the per-
ceived level of risk, otherwise they can never be compared.
This means that one of the main elements contributing to the
target level of risk is emotional events, such as close-calls
or near-accidents. A reasonable hypothesis, then, is that the
target level of risk is operationalized by the road-user in
limiting the number and intensity of emotional events to a
certain maximum level. The problem, however, is that the road-
user can not relate this maximum level of emotional events to
a certain accident risk. The road-user has no reliable or
valid technique to transform his emotional events into a like-
lihood of an accident. Besides, one might assume that the
road-user probably operates with a target level of risk that
is so low that he will not be involved in an accident during
his "lifetime". This is obviously false, most probably

because he under-estimates the accident-potential of the
emotional events that he gets involved in.

One very obvious countermeasure, therefore, would be to
influence on the road-users' way of interpreting close-calls
or near-accidents. The results I have shown in section 8.3
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indicate that such an approach is theoretically possible: the
major criterion to be fulfilled is that road-users are able
to detect the near-accidents. Our results show that road-
users are able to detect conflicts based on our definition
and also that they seem to be very sensitive to the severity
of the conflicts. Consequently, the potential seems high
regarding the possibility of teaching the road-users to se-
lect conflicts with a certain minimum level of severity. (The
reliability probably does not have to be very high). Our
reliability tests of observers (see also chapter 4) show that
observers, no matter what formal skills they had, were able
to record conflicts reliably. The countermeasure then would
be, according to Wilde's vocabulary, a "motivational inter-
vention" that teaches the road-users to conceptualize con-
flicts, and that the accident potential of a certain conflict
is higher than "what they think". I will not go into detail
either as to how this could be achieved or in what way, e.g.
through general information campaigns, through driver schools
or any other way.
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9 CONCLUSIONS AND COMMENTS

In this chapter I will summarize the findings I have presen-
ted. I will also try to define the present status of the
Swedish Traffic Conflicts Technique. I have chosen to go
through the main topics one by one.

I. Definitions

An accident has been defined in the same way in all validity
studies that we have been carrying out thus far. The defini-
tion is based on police-reported injury accidents. This is,
of course, not completely satisfying but the reason why we
have done it, namely to keep the reporting rate as high as
possible and still include as many accidents as possible, 1is
still justifiable with regard to the lack of better sources.
It is, however, a well-known fact that today in Sweden the
police-statistics only cover a small part of all injury
accidents. Linderholm and Olsson (1987) have, for instance,
shown that only one out of ten injury accidents to children
were known by the police. The main part of the missing acci-
dents was, however, "single bicycle" accidents, "bicycle-
bicycle" and "bicycle-pedestrian" accidents. None of these
types have been included in our validity studies yet, which
makes the police-statistics more suitable for us.

Still, it is a fact that there is quite a large proportion of
accidents that are of potential interest for our studies that
we have no information about, (especially if damage-only

accidents are included, which they should be of course).

No matter what source of information is used, however, it
still seems to be both difficult and time/resource-consuming
to get an acceptable estimation of all accidents that occur.
In the somewhat longer run, it may be possible to collect
accident data from the field, through some kind of video-
based technique for automatic image processing. If such a
technique could be combined with the collection of conflict-
data, it would open up for improved validation studies using
more reliable (accident- and conflict-) data.

The definitions of severity and of a serious conflict are
critical. These definitions must be based on a theory that
connects serious conflicts with accidents. If such a theory
does not exist there is an obvious risk that efforts to link
serious conflicts to accidents, either through a product or
process validation, will fail. The conflicts would then only
reflect some kind of disturbance or exposure measure. Conse-
quently, the conflicts could not work as a complement to
accidents and the usefulness of such a technique would be
very limited. our technique is based on a theory about se-
rious conflicts being the last link in a chain of elementary
events with increasing severity. The serious conflicts are
characterized by a break-down in the interaction between two
road-users. At least one of the road-users does not delibe-
rately want to get involved in a similar conflict. Some of
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the serious conflicts are so severe that they lead to colli-
sions.

This theory is fairly well verified, through interviews with
road-users involved in conflicts and through the different
validation studies.

It seems clear to me that the new definition of severity
(ALT.DEF.2) built on a relation between Time to Accident and
Conflicting Speed, (see sections 7.2 and 7.3) and the new
definition of a serious conflict, are both a great improvement
from a theoretical point of view. This is also confirmed in
the process validation (section 7.3) where the new definition
of severity was compared with four others, one of which was
the old definition based on Time to Accident only.

The new definition fulfilled all the important criteria, e.q.
a logic severity classification of accidents and conflicts
and a considerable overlap between conflicts and accidents.
The fulfillment of the criteria was much more complete with
the new definition, compared to the other four.

The question of further changes, modifications or additions
to the definition of a serious conflict must, at present, be
looked upon with great hesitation. As I have mentioned in
chapter 6, there are some smaller modifications that might be
feasible. With the accident and conflict data that is avail-
able today or could be available through the conventional
data sources, it is very doubtful, however, whether it is
possible to detect an actual improvement that is not very
big. From a theoretical point of view no such big improve-
ments can be anticipated, and changes or modifications
should, therefore, be given low priority at present.

I do think that our technique, given collision course and a
"simple" TA-Conflicting Speed relation as a basis, covers all
the important types of conflicts. There does not seem to be
any specific type of accident that is not covered by our
definition. It was, for instance, shown in section 7.3 that
the majority of accidents were preceded by an evasive manoeu-
vre. When this was not the case (TA = 0) there was simply
enough not ample time to start an evasive manoeuvre. The
analysis in section 7.3 showed that serious conflicts with TA
= 0 were not biased in any particular way. They just formed a
natural part of the "Time to Accident - conflicting Speed"
graphs.

II Reliability

I have presented quite a few different results all indicating
that our observers record serious conflicts in a very reliab-
le way. The new reliability test (section 7.6), where our
observers' estimations were compared with an objective eva-
luation of Time to Accident and Conflicting Speed, was a very
strong confirmation of earlier results. The fact that the
proportion of missed conflicts was only a bit more than 20%
is very encouraging as well as the fact that only 5-10%
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'extra' scorings were made. There is, for instance, no indi-
vidual accident information system that comes close to such a
reliability. The high reliability is confirmed by the excellent
scoring ability: in almost half of all conflicts the diffe-
rence between observers' estimations and objectively evalu-
ated TA-values was less than + 0.2 seconds (two tenths of a
second), and in a bit less than 80% of all conflicts the
difference was less than + 0.4 seconds. It can be concluded
without hesitation that well-trained observers produce very
reliable results. The reliability is so high that it will
probably be a long time before a semi-automatic or fully
automatic technique is developed that is cost-benefical com-
pared with written records made by human observers.

The only remaining potential risk with human observers is
that they may loose attention and motivation in the long run.
It has only been possible to study the reliability of obser-
vers indirectly, through comparisons of day-to-day counts of
conflicts using different observers. (Chapter 4) . These
studies indicated no major biases. On the other hand, they
were no perfect tests of the long-term, individual, perfor-
mance because the observers knew that there would be a fol-
low-up.

I have not seen a perfect test of this type anywhere

else and I can, therefore, not indicate what importance the
long-term attention and motivation may have. It might be
worthwhile to try and design such a study.

IIT Validity

The first validation study (chapter 5) produced some promi-
sing results. Some of the preconditions as well as some of

the methodological considerations did, in the long run, not
seem to be perfectly wise. One consequence was, for instance,
that the actual variance in the accident-to-conflict ratios
was not calculated. This, in turn, made it difficult to study
the homogeneity between the three data-sets that were compared
(Malmé - 50 intersections, Malmé - 15 and Stockholm - 50, see
section 5.5).

Besides, the quality of the ratios was not studied, i.e.
estimates for the "product" (expected number of accidents)
were not produced via conflict counts and compared with
accident counts. The latter comparison is now being carried
out in the on-going product validation project in our Depart-
ment as I have mentioned earlier. This on-going project is
also based on new methods of validation and the results will
hopefully give better indications with regard to the useful-
ness of conflicts for prediction of the average number of
accidents. At the same time it must be pointed out that our
technique has been used in this context for appr. 10 years
with obvious benefits, some of it demonstrated in chapter 5.
Besides, evaluating the "product" is not the only aim of our
technique. Evaluating the "process" is also a very important
aim, particularly to study the behaviours and events leading

up to the accidents in order to identify causes that could
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be transformed into countermeasures. Both for this second aim
and for the first, I think that my new approach to validation
(section 7.3) is of great importance. By comparing the last
phases of accidents and serious conflicts, I managed to
optimize the severity definition (within the limits data

set) .

I also managed to show the very striking similarities between
accidents and conflicts when the Time to Accident - and
Conflicting Speed - based severity definition was used. The
overlap was big, and there were very strong indications that
accidents and serious conflicts were following a similar
process in their last parts. The only obvious difference was
that accidents "went one step further" than serious con-
flicts, i.e. that there was a collision.

As I mentioned before, the severity definition worked, both
for accidents and conflicts. This means, for instance, that
the results indicated that the accident-to-conflict ratio in-
creased with increased, defined, severity. The results also
indicated that the outcome of a collision was more severe the
higher the defined severity was. Due to inaccuracy in the
accident information and too few accidents and conflicts, it
was not possible to produce any new conversion factors be-
tween serious conflicts and accidents based on these results.
The approach as such is, however, very promising according to
my point of view. A process validation, similar to the one I
have presented in section 7.3, based primarily on a split
among road-user types, manoeuvre types and severity classes
would probably produce more accurate and competitive conver-
sion factors, presumed more accurate accident information and
a considerable increase in the size of accident and conflict
data (where available).

The latter is, however one general problem that all re-
searchers have had to live with thus far. Accident informa-
tion systems have always had built in inaccuracies of diffe-
rent kinds, and the more sophisticated the information that
is warranted (as in my process validation), the more severe
the inaccuracies.

Another general problem so far seems to be that the recording
of conflicts is always a very time- and resource-consuming
procedure.

The conclusion is, therefore, that there must be new approa-
ches both on the accident side and on the conflict side in
order to overcome the general problems that exist today. My
opinion is that semi-automatic and fully-automatic video-
based techniques for image-processing, will solve the prob-
lems on the conflict side and perhaps the accident side in
the long run. Regarding the high reliability of human obser-
vers demonstrated in this report, a video-based technique
through which a sample of events could be selected (not
evaluated in detail), including the serious conflicts, could
be a very useful tool. Human observers could then evaluate
the events in a second step. Such a technique would enable
the collection of sufficient numbers of serious conflicts
with an acceptable degree of reliability.
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Regarding the process validation of conflicts, my presenta-
tion in section 7.3 represents only a start, even though an
important one. Included in the notlon "process validation" is
also everything that lies ahead of that last part of the
process that I have been able to study. It includes every-
thing that can describe the events/behaviours that precede
the conflict/accident and the causes (in the widest possible
sense) that can "explain" the conflict/accident and give
guidance in selecting countermeasures.

A validation of this kind, of course, presupposes much more
accurate and detailed information than is available to day. A
video based technique for image-processing, seems, again, to
be by far the most promising way to obtain, at least parts,
of this information.

IV The use of the Traffic Conflicts Technique (TCT)

This topic has not been dealt with to any great extent in
the report. Still, I want to make a few comments:

- We have, in the Department, demonstrated the usefulness of
the technique in quite a few research projects. They have
primarily focused on the relationship between physical de-
sign, regulations as well as other traffic engineering va-
riables and safety. There are other areas, for instance,

~within the social sciences, where the technique has been
used.

Thanks to the TCT we have identified severe safety problems
connected with the design of bicycle facilities at inter-
sections. (Linderholm, 1984, HB SAKTRA, 1987).

The existence of these problems were verified later on through
accident analysis both in Sweden and in Denmark. Due to this,
a project was initiated on the Nordic level in order to find
the causes of the identified safety problems. The TCT will
play one of the important roles in this project.

The TCT has also been used at our Department for before and
after studies in order to follow up the effects of different
countermeasures. Some of these are presented in the end of
chapter 5. The results show that, thanks to the TCT, it has
been possible to obtain an early estimation of the safety
effects.

These kinds of follow-up studies have, for instance, made it
possible to introduce speed-reducing countermeasures, parti-
cularly speed humps, on an experimental basis. The quick

follow-up made it possible to check for any draw-backs in the
countermeasures before these draw-backs caused any accidents.

In general, one must therefore conclude that the use of TCT
in our research has produced valuable results that have
increased the general level of knowledge about the relation-
ship between traffic engineering measures and safety.
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The general interest in use of the TCT is growing steadily
internationally - The International Committee on Traffic Con-
flict Techniques (ICTCT) that was formed in 1979, is now
coordinating the common interests of almost 20 countries. The
international calibration study in Malmé, 1983, was the first
maj?r activity organized by ICTCT. (Presented in section
7.4).

The Swedish TCT has also been used individually in studies
abroad. The major project in connection with this was a Dutch
contract where the general aim was to compare different ways
of reorganizing and redesigning residential areas. Our task
was to study the safety aspect at the borders between resi-
dential areas and surrounding arterial streets. (Traffic
Safety Group, 1983).

Regarding the use of TCT for research it has become more and
more obvious, not only for us but for other researchers, that
the TCT must be placed in a wider perspective, i.e. the TCT
must be looked upon and used as one of many tools in the
evaluation of safety. This is common sense today but it has
not been regarded so by many researchers, particularly those
who have not been directly involved in research in thils area.
The development of a TCT is such a big effort in itself, that
big resources and mental efforts have been focused on the
developmental work. The TCT is now well established and
carefully examined in quite a few countries, and it has
therefore become optional to put more efforts into it's
development and instead use integrated evaluation techniques
with the TCT as one tool.

I must, in this connection, mention a large research project
that is going on in the Department. The main aim is to deve-
lop and test a "total" traffic safety program for a Swedish
municipality (vaxjé, appr. 70 000 inhabitants). "Total"
stands for the integration of all kinds of countermeasures,
e.g. information campaigns, enforcement, education, physical
and planning measures, etc. One secondary aim of the project
is to develop an evaluation technique for use by other muni-
cipalities. For this purpose all possible information is
collected, such as accident information from the police,
hospitals and insurance companies, interviews with children,
conflict and behavioural data, exposure data, environmental
data, etc. All these sources will be compared with regard to -
their potential use in different phases of the evaluation
procedure.

This project will provide an excellent opportunity for
finding out what role the TCT can play in connection with
safety evaluation on a local level.

The use of the Swedish TCT for practical applications has
been fairly extensive over the years, but it is only the city
of Goéteborg that has implemented the technique on a larger
scale within its own organization. In all other cases the
technique has been used for specific tasks. A routine-based
implementation has not been found to be cost-effective.
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The Swedish National Road Administration has trained conflict
observers at all their regional offices. Still the use has
been limited.

The reasons for a limited implementation of the technique
can, of course, be many. One of the most important ones, 1
think, is that it demands fairly extensive human resources to
carry out a study. Funds and resources have to be reallocated
to a new area that has not previously demanded any resources.
This creates problems within the organizations.

The relatively high costs for a conflict study is a problem
with all sorts of applications. As I mentioned before, it is
a problem in the validation of TCT:s and it is also_a problem
in the implementation of the technique for practical safety
work.

The results presented in this report have demonstrated the
fact that all methodological topics of importance, such as
definitions, reliability, and validity, can be kept well
under control. Due to limited funds and high costs for the
collection of data, the data-files have, however, been 1li-
mited in size. Larger files would make it possible to improve
the accuracy in the conversion factors between serious con-
flicts and accidents.

To conclude: The need for more cost-effective conflict-recor-
ding techniques seems to be the major remaining hindrance for
our TCT becoming generally available and attractive for use,
in research and in other areas of application.
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KIND OF ROAD

ACCIDENTS AND CONFLICTS PER TRAFFIC CLASS,

USER AND PERIOD OF OBSERVATION
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5.2

APPENDIX

KIND OF ROAD

ACCIDENTS AND CONFLICTS PER TRAFFIC CLASS,

USER AND PERIOD OF OBSERVATION

1975

50 intersections,

Malmo
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APPENDIX 5.3

TEST OF PROBABILITY IN THE MERGING OF THE TWELVE ELEMENTS

INTO FOUR CELLS

Malm® - 50 intersections

Cell 1
*

p = 0.037

x=5 y=191 N=2 a=0.012

N = 189.000
Ratio=0.026 F=0.227 OK
x=3 y=25 N=2 a=0.012

*
Ni = 27.000
Ratio=0.12 F=0.959 OK
Cell 2
*
p = 0.135

x=15 y=125 N=2 a=0.012
*

>
I

123.319

Ratio=0.12 F=0.343 OK
x=13 y=82 N=2 a=0.012
ﬁ\; = 83.680

Ratio=0.158 F=0.709 CK

Reccrded number of accidents

w
H

Observed number cf conflicts

AL
]

Number of elements in the cell

test value {( 5 %-level)
¥

o
"

X,
1+
1= *

p

+1
Ratio X
Y

Distribution function

o]
]

Cell 3

*
p = 0.214
x=13 y=53 N=4 a=0.006

N . =54.364
Ratio = 0.245 F=0.682 OK
x=27 Y=156 N=4 a=0.006

*
N = 150.736
i

Ratio=0.173 F = 0.153 CK
x=9 y=19 N=4 a=0.006

*
N . = 23.063
1

Ratio=0.473 F 0.967 CK

x=12 y=57 N=4 a=0.006
*
ﬁxi = 56.035

Ratio=0.210 F 0.495 CK

[}

Cell 4

*

p =1.285

x=18 y=27 N=4 a=0.006
*

N; =19.687

Ratio=0.666 F = 0.017 CK

x=72 y=48 N=4 a=0.006
*

N; =52.5
Ratio=1.5 F=0.800 OK
x=12 y=12 N=4 a=0.006
*
N, =10.5
Ratio=1 F=0.304 OK

x=15 y=4 N=4 a=0.006

*
N, =8.312

Ratio=3.75 F=0.976 CK







APPENDIX 5.4

NUMBER OF ACCIDENTS AND CONFLICTS AND RESPEC-
TIVE TIMES OF OBSERVATION
Malmd - 15 intersections

Number of accidents

Traffic Car-Car Bicycle- Pedestrian- Obs. time

class Car Car (min)
T T ST T ST 106997 x 105
T T T e Tess2a x 105
T T YT assa x 100
T T T T TS T T ess2a x 100

Traffic Car-Car Bicycle- Pedestrian- Obs. time

class Car Car (min)
T T T T e aeed
T T T T T T T 2w
T T e TS Ty e







APPENDIX 5.5

TEST OF PROBABILITY IN THE MERGING OF THE TWELVE ELEMENTS

INTO FOUR CELLS

Malmé - 15 intersections
Cell 1
* = 0,054
p
x =4 y=63 N=2 a=0.012
*
ky = 63.519

Ratio = 0.063 F = 0.643 OK

x =0 y=10 N=2 a = 0.012

A = 9,480

Ratio = 0 F = 0.594 O©OK
Cell 2

p = 0.205

x =3 Y=238 N=2 a-=0.012

0.042 OK

o
i}
o+
-
[¢]
1
(@]
(@]
~J
[e9]
|
1t

x =11 vy =30 N=2 a =012

*

Ratio = 0.0366 F = 0,943 OK
* ¥

p - Zy

Observed number of conflicts

il

Number of elements in the cell

a Test value (5 % level)

X Recorded number of accidents

[\: - Xi+yi
p*+1

Ratio = X
Y

F = distribution function

Cell 3

*
p = 0.295
X

=5 y =13 N

*
A{ = 13.898

Ratio = 0.384

A: = 24.708
Ratio = 0.103

x =2 y=6 N
*

A; =6.177

1

Ratio = 0.0333

x =8 y =13 N

*
Ay = 16.215

Ratio = 0.615

Al = 2.027
Ratio = 4 F
x =11 y =5

*
A = 6.486
Ratijio = 2.2 F

x=5 y=4 N

*
A = 3.648
i

Ratio = 1.25 F

N =4

=4 a=6.370E-03

F = 0.694 OK

=4 a = 6.370E-03

F = 0.028 OK

=4 a = 6.370E-03

F = 0.624 OK

=4 a = 6.370-03

F = 0.938 OK

=4 a = 6.370E-03

= 0.824 OK

=4 a = 6.370E-03

= 0.0824 OK
a = 6.370E-03

= 0,772 OK
=4 a = 6.370E-03

= 0.415 OK







APPENDIX 5.6

NUMBER OF ACCIDENTS AND CONFLICTS AND RESPECTIVE
TIMES OF OBSERVATION
Stockholm - 50 intersections

Number of accidents

Traffic Car-Car Bicycle- Pedestrian- Obs. time
class Car Car {min)
5
1 5 3 1 283.589 x 10
5
2 1 1 21 216.309 x 10
5
3 39 4 19 222.820 x 10
5
4 35 4 33 216.309 x 10

Number of conflicts

Traffic Car-car Bicycle- Pedestrian- Obs. time
class Car Car {min)

1 89 5 37 11 580

2 30 13 62 8 710

3 182 9 25 9 105

4 119 4 20 8 710







Cell 1 Cell 3
* *
P 0.050 p = 0.222
x,=5 vy N =2 a=0.013 x,=3 y =5
A. 89.488 LA, = 6.545
i i
Ratio = F = 0.014 OK Ratio = 0.6
X = y N=2 a-=20.013 x=1y 37
* *
A, 29.512 A, = 6,545
1 i
Ratio = F = 0.390 K Ratio = 0.027
x=1 vy 13
A*
Cell 2 i T 11.455
* R i = -
P 0.246 atio 0.077
x =39 vy 182 N =2 a = 0,013 x =21 y =62
*
/\.l 177.389 A = 67.909
Ratio = F = 0,218 OK Ratio = 0.339
X =35y 119 N =2 a = 0.013
*
A,l 123.611 cell 4
io = = (.8 K *
Ratio F 0.823 O o = 1.034
* s, x*= 4y =9 N
P Sy, A, = 6.390
Ratio = 0.444
x = Recorded number of accidents x =19 y = 25
*
Y = Observed number of conflicts Ai = 21,627
N = Number of elements in the cell Ratio = 0.76
a = test value (5 % -level)
X =4 vy 4
* Xi+ *
A. = A, = 3.932
i i
p +1
Ratio =1
Ratio =
x =33y 20 N
*
F = Distribution function /\i = 26,051

APPENDIX 5.7

TEST OF PROBABILITY IN THE MERGING OF THE TWELVE ELEMENTS

INTO FOUR CELLS
Stockholm - 50 intersections

Ratio = 1.

65

6.371 x 1077

™
ol
1l

F = 0,907 OK

=4 a=6.371x10"

F=2,14x107° TOO
SMALL

=4 a=6,371x 1073

0.151 OK

o}
]

a=6.371 x 10

0. 947

T
fl

4 a =6.371 x 10

F = 0.088 OK

—4a=6.371x 107>
F = 0,159 OK

-3
4 a =6,371 x 10
F = 0,553 OK

-3

4 a =6,371 x 10

F = 0.951 OK







APPENDIX 7.1
page 1(2)

NUMBER OF ACCIDENTS AND CONFLICTS PER SEVERITY ZONE AND
SEVERITY DEFINITION

NUMBER
SEVERITY ZONE CAR-CAR CAR-BIC CAR-PED
DEF. accl) conf12) Acc Confl Acc Confl
0 (12) (5) (6)
ALT. 1a 0 14 0 6 0 18
DEF. 1 1b 0 38 1 14 0 32
2a 0 58 0 21 1 37
2b 1 91 5 34 2 67
3a 3 66 7 24 1 29
3b 6 70 20 20 8 34
4a 17 26 32 4 24 12
4b 34 17 35 0 17 2
5a 22 4 17 0 17 0
5b 17 0 8 0 7 0
6a 7 0 0 0 2 0
6b 1 0 0 0 0 0
T 108 396 125 128 79 237
ALT. 0 (8) (5) (5)
DEF. 2 1a 0 5 0 1 0 14
1b 0 18 0 10 0 11
2a 0 46 0 18 0 33
2b 0 59 0 23 0 48
3a 0 72 7 25 3 46
3b 3 68 9 26 1 35
4a 4 49 17 14 13 30
4b 7 42 24 5 14 10
5a 19 15 28 1 12 4
5b 25 7 25 0 14 1
6a 20 7 10 0 12 0
6b 18 0 3 0 8 0
7a 4 0 2 0 1 0
7b 5 0 0 0 1 0
8a 1 0 0 0 0 0
8b 2 0 0 0 0 0
T 108 396 125 128 79 237
1) Police-reported accidents, all intersections
in the city of Malmd, 1978 - 1980.
2) Conflicts recorded at 107 intersections in

the city of Malm®. 2 days per intersection.




APPENDIX 7.1

page 2(2)
NUMBER
SEVERITY ZONE CAR-CAR CAR-BIC CAR~-PED
DEF. Accilconfl2) Acc Confl Acc Confl
0 (30) (10) {(17)
ALT 1a 0 30 1 12 0 28
DEF 3 1b 1 59 0 18 2 43
2a 1 71 3 28 2 45
2b 6 87 10 25 2 52
3a 13 74 19 31 5 33
3b 20 33 22 4 19 19
4a 40 11 39 0 32 0
4b 21 1 31 0 16 0
5a 6 0 0 0 1 0
5b 0 0 0 0 0 0
L 108 396 125 128 79 237
ALT 1a 0 12 0 0 0 0
DEF 4 1b 0 6 1 5 0 7
2a 1 37 0 10 0 26
2b 1 10 1 7 4 14
3a 1 69 3 19 1 45
3b 5 69 5 24 0 41
4a 18 84 12 21 6 35
4b 31 66 24 27 14 47
5a 34 40 30 14 22 21
5b 10 3 12 1 13 1
6 7 0 37 0 19 0
T 108 396 125 128 79 237
ALT 1a 0 5 2 2 6 28
DEF 5 1b 0 31 S 18 4 13
2a 1 45 10 3 2 27
2b 0 54 16 29 4 37
3a 2 41 13 10 2 34
3b 5 53 14 12 12 36
4a 9 48 22 8 6 16
4b 6 49 10 6 11 19
5a 18 26 9 2 9 12
5b 20 28 5 9 8 12
6a 25 8 14 1 8 2
6b 6 7 4 0 4 1
7a 8 0 0 0 0 0
7b 1 1 0 0 1 0
8a 4 0 0 0 1 0
8b 1 0 1 0 1 0
9a 1 0 0 0 0 0
9b 1 0 0 0 0 0
T 108 396 125 128 79 237
1) Police-reported accidents, all intersections
in the city of Malm&é, 1978 - 1980.
2) Conflicts recorded at 107 intersections in

the city of Malmd. 2 days per intersection.
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APPENDIX
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APPENDIX 7.5

CONFLICT AND ACCIDENT FREQUENCIES
Example from a validation study in Malmd 1982

CAR-CAR CAR-BICYCLE CAR-PEDESTRIAN
Nu@ber of Pollcereported 85 63 56
injury accidents
Number of obs. hours 1738800 1738800 1738800

-5 -5 -5
Acc/hour 4.89x10 3.62x10 3.22x10
Hours/acc 20450 27600 31050
Number of observed confl. 490 223 216
Number of obs. hours 1344 1344 1344
Conflicts/hour 0.365 0.166 0.161
Hours/conflict 2.7 6.0 6.2
Conflicts/hour
~ 7 - -

Accidents/hour 500 4600 5000
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PROPORTIONS (%) OF ACCIDENTS AND CONFLICTS PER SEVERITY
ZONE AND DEFINITION

PROPORTION (%)

SEVERITY ZONE CAR-CAR CAR-BIC CAR-PED
DEF. ACC CONFL ACC CONFL ACC CONFL
0 (3.0) (3.9) (2.5)
ALT 1a 0 3.3 0 4.7 0 7.6
DEF 1 1b 0 9.6 0.8 10.9 0 13.5
2a 0 14.6 0 16.4 1.3 15.6
2b 0.9 23.0 4.0 26.6 2.5 28.3
3a 2.8 16.7 5.6 18.8 1.3 12.2
3b 5.6 17.7 16.0 15.6 10.1 14.3
4a 15.7 6.6 25.6 3.1 30.4 5.1
4b 31.5 4.3 28.0 0 21.5 0.8
S5a 20.4 1.0 13.6 0 21.5 0
5b 15.7 0 6.4 0 8.9 0
6a 6.5 0 0 0 2.5 0
6b 0.9 0 0 0 0 0
g 100 100 100 100 100 100
0 (2.0) (3.9) (2.1)
ALT 1a 0 1.3 0 0.8 0 5.9
DEF 2 1b 0 4.5 0 7.8 0 4.6
2a 0 11.6 0 14.1 0 13.9
2b 0 14.9 0 18.0 0 20.3
3a 0 18.2 5.6 19.5 3.8 19.4
3b 2.8 17.2 7.2 20.3 1.3 14.8
4a 3.7 12.4 13.6 10.9 16.5 12.7
4b 6.5 10.6 19.2 3.9 17.7 4.2
S5a 17.6 3.8 22.4 0.8 15.2 1.7
Sb 23.1 1.8 20.0 0 17.7 0.4
6a 18.5 1.8 8.0 0 15.2 0
6b 16.7 0 2.4 0 10.1 0
7a 3.7 0 1.6 0 1.3 0
7b 4.6 0 0 0 1.3 0
8a 0.9 0 0 0 0 0
8b 1.9 0 0 0 0 0

L 100 100 100 100 100 100
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ICTCT CALIBRATION STUDY IN MALMJ: COMPARISON OF SWEDISH,
FPINNISH AND COMMON SEVERITY SCORES.

Confl Swe Fin Princals Confl Swe Fin Princals
number 1*%*) score®) nu 1%%) score*)
{("common
severity

score" for
all teams)

502 - 1 633 1 -
587 - 1 130 2 2
776 - 1 439 2 1
156 - - 279 1 1
539 - - 099 1 1
475 - 187 1 1
526 - - 370 1 1
818 - - 615 1 2
781 1 1 338 - 1
820 1 -1.20 856 1 1 -0.18
835 1 - 549 - P
8§31 - - 089 1 -
916 1 1 302 - 1
513 - 1 963 1 1
504 - 1 028 1 2
076 - - 906 2 2
658 - - 545 - 1
790 - - 696 2 2
078 - - 152 1 -
436 - - -1.00 477 - 2 -0.07
440 - - 605 1 1
229 - - 240 - 2
446 - - 498 - -
925 - 2 239 1 2
811 1 1 589 - -
610 - 1 650 - 1
640 1 - 829 - 2
771 - 1 376 2 2
778 - 2 494 - 2
206 - 1 -0.87 847 1 1 +0.06
031 1 Z 569 - -
284 1 1 624 2 2
059 1 1 151 3 -
175 - 1 836 - -
460 1 2 095 2 -
488 - - 030 - 2
144 1 1 590 1 2
454 - 1 218 - 2
955 - - 942 - 3
940 - 2 -0.61 082 - - +0.39
621 - - 560 - -
868 - 1 266 1 2
911 2 - 217 1 3
324 - 1 676 1 -
736 2 2 784 3 -
243 - - 321 1 2
686 1 1 271 - 2
421 - 2 777 3 2
369 - 2 084 2 2
432 - 1 -0.41 023 - - +0.76

continue
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713
437
510
035
495
760
754
967
519
769
255
349
642
309
8960
675
900

+1.27

Wi wlT T wll PR
WWwwwhwihjpphvuvwnhwnno o

+2.67

*) Mean value
*¥**)1.0 sec < TA
0.5 sec < TA
TA
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APPENDIX

ICTCT CALIBRATION STUDY IN MALMU:

OBJECTIVELY MEASURED TIME TO ACCIDENT FOR ALL CONFLICTS
SCORED BY THREE TTAMS DURING THE FIRST THREE

DAYS AND A COMPARISON WITH THE SWEDISH SCORINGS.

7.

8

QONFLICT OBJECTIVELY MEASURED SWEDISH NOT SCORED SCORED BUT
NUMBER TIME TO ACCIDENT SQORING BUT SHOULD SHOULD NOT
not to be BE SCORED BE SCORED
scored not
< 1.5s (> 1.E9) <1.5s scored
5 > 5 X
18 0 0
23 0.96 X X
29 1.35 1.29
30 0.74 X X
31 1.29 .35
35 1.33 1.22
48 1.50 X X
50 >5 X
53 1.73 X
54 > 5 X
59 1.04 1.44
62 1.52 %
76 > 5 X
78 3.05 X
82 2.66 X
84 1.10 0.76
86 0.79 X X
92
95 0.77 0.90
99 1.35 1.08
104 > 5 X
108 2.41 X
114 0.76 X X
135 >1.5 X
144 1.33 1.44
151 0.27 0.36
152 1.40 1.23
156 1.37 X X
161 1.84 X
175 1.85 X
178 1.40 X X
179 >1.5 X
187 1.25 1.35
T 19 14 12 21 7(37%) 0(0%)
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ICTCT CALIBRATION STUDY IN MALMO:
OBJECTIVELY MEASURED TIME TO ACCIDENT FOR ALL
CONFLICTS SCORED BY FOUR OR MORE TEAMS AND A
COMPARISON WITH THE SWEDISH SCORINGS.
CONFLICT TIME OF OBJECTIVELY MEASURED SWEDISH SCORINGS NOT SCORED SCORED BUT
NUMBER THE DAY TIME TO ACCIDENT Scored Not BUT SHOULD SHOULD NOT
< 1.5s >1.5s (<1.5s) scored BE SCORED BE SCORED
18 0 0
29 14.19 1.35 1.02
30 14.34 0.74 X X
31 14.23 1.29 1.35
35 14.50 1.33 1.22
59 16.15 1.04 1.44
76 18.17 > 5 X
78 18.38 3.0 X
84 09.21 1.10 0.76
95 10.05 0.77 0.90
99 10.18 1.35 1.08
144 16.02 1.33 1.44
151 16.18 0.27 0.36
152 16.18 1.40 1.23
156 16.28 1.37 X X
175 07.21 1.8 X
187 13.18 1.25 1.35
206 11.15 > 1.5 X
217 11.30 1.01 1.27
218 11.30 > 1.5 B¢
229 11.50 1.9 X
239 12.11 > 5 1.35 X
243 12.14 > 1.5 X
255 12.2 1.04 0.7
266 12.34 0.25 1.08
279 12.51 1.14 1.35
284 12.54 1.12 1.02
302 14.30 0.73 X X
309 14.47 0.95 0.72
321 15.34 1.03 X X
338 15.59 > 5 X
341 16.11 1.80 X
369 16.34 > 5 b
370 16.37 1.07 1.44
376 16.44 0.77 0.51
421 19.54 1.80 X
432 09.27 2.74 X
436 09.41 > 1.5 b
437 09.45 1.20 X X
439 09.51 0.68 0.90
440 09.52 > 1.5 X
446 10.24 > 5 X
454 10.51 > 5 X
475 12.24 1.75 X
477 12.25 > 1.5 X
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CONFLICT TIME OF OBJECTIVELY MEASURED SWEDISH SCORINGS NOT SCORED SCORED BUT

NUMBER THE DAY TIME TO ACCIDENT Scored Not BUT SHOULD SHOULD NOT
< 1.5s >1.5s (<1.5s) scored BE SCORED BE SCORED
488 12.35 > 1.5 X
494 12.46 0.88 X X
495 12.48 0.92 1.02
498 12.54 > 1.5 X
502 13.03 > 5 X
504 13.08 > 5 X
510 13.22 1.37 0.94
513 13.25 1.56 X
519 13.34 0.86 0.96
526 - 13.49 1.95 X
539 15.46 1.68 X
545 15.56 2.07 X
549 16.03 2.38 X
587 16.52 > 5 X
589 16.54 > 5 X
590 16.54 1.37 1.35
605 07.35 1.36 1.20
610 07.52 1.59 X
615 08.09 1.16 1.44
621 08.43 2.93 bl
624 08.54 0.95 1.03
633 12.14 1.10 1.35
640 12.39 > 1.5 X X
642 12.43 0.71 0.96
650 13.01 > 1.5 X
658 13.08 1.6 X
675 13.45 > 1.5 X
676 13.46 1.37 1.44
686 11.08 1.12 1.26
696 11.22 0.64 0.90
713 11.58 0.86 1.20
736 14.08 1.50 0.90
754 14.50 0.24 0.36
769 15.43 0.79 X X
771 15.48 > 1.5 X
776 16.00 1.10 X X
777 16.06 1.08 0.24
778 16.06 > 1.5 X
781 16.13 1.04 1.17 :
784 16.15 0.95 0.68
790 16.22 > 1.5 X
811 09.40 1.44 1.20
818 10.14 1.83 X
820 10.26 1.80 1.15 X

829 12.02 2.13 X
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CONFLICT TIME OF OBJECTIVELY MEASURED SWEDISH SCORINGS NOT SCORED SCORED BUT
NUMBER THE DAY TIME TO ACCIDENT Scored Not BUT SHOULD SHOULD NOT
< 1.5s >1.5s (<1.5s) scored BE SCORED BE SCORED

831 12.06 1.73 b

835 12.32 1.34 1.23

836 12.33 > 1.5 X

847 13.01 1.59 1.32 X

856 13.25 1.47 1.34

868 15.34 > 1.5 X

906 17.13 0.55 0.72

911 07.50 0.67 0.96

916 08.15 2.03 1.26 X

925 08.54 1.73 X

940 12.32 1.16 X X

942 12.39 0.98 X b

955 13.05 2.54 X

960 13.24 1.08 0.54

963 13.30 1.43 1.54 X

967 13.32 > 1.5 X

971 13.37 1.10 bd X

57 50 51 56 11 (19 3) 6 (1z %)







APPENDIX 7.10

ICTCT CALIBRATION STUDY IN MALMO:
A COMPARISON OF ESTIMATED TIME TO ACCIDENT (TAeSt) WITH
OBJECTIVELY MEASURED (TAO .) AND THE SAME FOR

VEHICLE SPEEDS b3
CONFLICT ESTIMATEC OBJECTIVELY TF-.E-TAO TYPE OF TYPE OF MANCEUVRE VIHICLE
Mumber TIME TC MEASURED RQAD-USER Right Left Rear- Weave SPEEDS
ACCIDENT TIDME TO INVOLVED angle turn- end Est. QbJ.
(TRest)  ACCIDENT ersvs
*) (TAobj) Car- Car~ Car- an=com
* ) Car Bic. Ped.
18 0 0 0 Bic-P x 6 15
29 1.02 1.35 -0.33 X X 3 19
31 1.35 1.29 +0.06 X X 40 42
35 1.22 1.33 -0.11 X X 50 41
59 1.44 1.04 +0.40 X X 20 15
84 0.76 1.10 -0.34 X X 38 38
95 0.90 0.77 +0.13 X X 32 40
99 1.08 1.35 -0,27 X 20 14
144 1.44 1.33 «0.11 X X 25 18
151 0.36 0.27 +0.09 X X 10 13
152 1.23 1.40 -0.17 X X 35 35
187 1.35 1.25 +0.10 X X 40 47
217 1.27 1.01 +0.26 X X 17 15
239 {1.35) > 38 - X X 40 40
255 0.75 1.04 -0.29 Bic-Bic X 24 24
266 1.0 C.2% +0.83 X X 10 10
279 1.35 1.14 +0.21 X X 40 3%
284 1.C2 1.12 -3.10 X X 42 44
309 0.72 .95 -C.23 X X 2 22
321 (1.03) > 3s - X X 35 39
349 0.48 1.8C -1.32 X X 15 29
370 1.44 1.067 +0.37 X X 50 59
376 G.51 Q.77 -0.26 X X 35 35
437 (1.20) > 5s X X 45 54
439 0.90 0.68 +0.22 X X 20 38
495 1.08 £.92 «0.16 X X 0 19
510 0.94 1,37 -0.43 X 50 56
519 .96 0.86 -3.10 Mco-Bic X 30 43
590 .35 1.37 -C.02 X X 40 41
605 1.20 1.36 -0.16 X X 30 33
615 1.3 1.1 ~0.28 X X 25 27
624 1.03 0.93 +0.08 X X 716
633 1.35 .10 -0.25 X X 40 48
642 0.96 G.71 +0.25 X X 45 52
676 1.44 1.37 +0.07 X X 50 52
€86 1.26 1.12 +0.14 < 20 36
696 0.90 0.64 +0.26 X X 1 20
713 1.20 0.86 +0.34 X X 0 24
736 .30 1.50 -0.60 X X 20 28
754 C.36 0.24 +0.12 Moo -Ped 30 38
777 G.z24 1.08 -0.84 x X 5 12
781 1.17 1.04 +0.13 X X «C 20
784 0.68 0.95 -c.27 x x 8 21
811 1.20 1.44 -0.24 . x 15 10
820 1.15 1.80 -G.65 X 25 33
835 1.23 1.34 -0.11 x X 35 3N
847 1.32 1.44 -0.12 X 30 23
856 1.34 1.47 -C.13 X bl 3% 36
906 0.7 0.55 +0.17 X X 15 1
911 0.96 0.67 -0.29 X = 30 35
916 1.26 2.03 -0.7" X X 20 20
960 0.54 1.08 -0.54 X 40 43
963 1.54 1.43 <C.11 X X 35 35
-L.43 28.6 31.6
Mean 1.078 1.083 fiath san) 331 (53) 7
e
(without
sian)
(500" (501 1 {50) 1)

1)The number ¢f cornflicts included in the mean values, 1.e. the
number of cocnf s where relevant data was available.

*) Collected from the observer's data streets

**) Evaluated from TTC-graphs.







OBJECTIVELY
TIME TO COLLISION

Concflict

nr

18
29
31
35
59

84
95
99
144
151

152
187
217
255
266

279
284
309
349
370

376
439
495
510
519

590
605
615
624
633

642
686
696
713
736

754
777
781
784
811

820
835
847
856
906

911
916
920
963

MEASURED TIME TO ACCIDENT
(MTTC)

O

O EFE OO

O 2 HOHOO OHOFO [l el el o o] OO HOO = OO

= O O

= O e

TAest
(sec)

.02
.35
.22
.44

76

.90
.08
.44
.36

.23
.35

.75
.08

.35
.02
.72
.48

44

.51
.90
.08
.94
.96

.35
.20
.44
.03
.33

.96
.26
.90
.20
.90

.36
.24
.17
.68
.20

.15
.23
.32
.34
.72

.96
.26
.54
.54

TAob'
(sec?

O RHE HOHFHRFRO HBOORO HOFRFREFE OHOOO HHEHOKFKE OFRKHPEH OFRFHOKR RERlReO

(SRS =)

.35
.29
.33
.04

.10
.77
.35
.33
.27

.40
.25
.01
.04
.25

.14
.12
.95
.80
.07

77
.68
.92
.37
.86

.37
.36
.16
.95
.10

.71
.12
.64
.86
.50

.24
.08
.04
.95
.44

.80
.44
.44
.47
.55

.67
.03
.08
.48

AND ESTIMATED TIME TO ACCIDENT

MTTC
(sec)

OO = O OO OO OO OO O O OO O O OO H+HOo OO H P O PE OO HH~HRPE~O

OO NO

.29
.29
.16
.04

.59
.55
.08
.33
.27

.19
.13
.01

.86
.16

.98
.05
.86
.98
.62

.74
.64
.87

.37
.49

.22
.28
.15
.87
.98

.71
.08
.61
.48
.37

.18
.08
.64
.83
.19

.80
.34
.35
.98
.49

.64
.03
.49
.39

TAg g+ -MTTC

(sec)

-0.
+0.
+0.
+0.

+0.
-0.
+0.
+1.
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(TAop3j) , AND MINIMUM

27
06
06
40

.17
.35

11

.09

.04
.22
.26
.11
.92

.37
.03
.14
.50
.82

.23
.26
.21
.43
.47

.13
.08
.29
.16
.35

.25
.18
.29
.72
.53

.18
.84
.53
.15
.01

.65
.11
.03
.36
.23

32
77
05
15

TAopy-
(sec}

+0
+0
+0

+0
+0

+0
+0

+0
+0

+0
+0

MTTC

.06

.17

.51
.22

.27

.21
.12

.18
.09

.16
.07

+0.09
+0.82
+0.45

+0
+0
+0

+0

.03
.04
.05

.37

+0.15
+3.08
+1.01
+0.08
+0.12

+0.04
+0.03
+0.38
+1.13

+0.

+0.
+0.
+0.

+0.
+0.
+0.
+0.

+0.

+0.

+1

06

40
12
25

10
09
49
06

59
.09

(TAest)

Conflicting
speed (cbjec-
tively measured)
(km/h)

S

19
42
41
15

38
40
14
18
13

35
47
15
24
10

39
44
22
29
59

35
38

19
56

43

41
33
27
16
43

52
36
20
34
28

38
12
33
21

10

35

31
23

36
11

35
20
43
35
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APPENDIX

A COMPARISON OF ROAD-USERS NOTICE OF CONFLICTS WITH

TIME TO ACCIDENT AND CONFLICT ING SPEED
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8.2

APPENDIX

A COMPARISON OF ROAD-USER'S PERCEIVED RISK IN CONFLICTS
RELATED TO TIME TO ACCIDENT AND CONFLICTING SPEED OF THE

CONFLICT
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8.3

APPENDIX

PERCEIVED RISK IN CONFLICTS WITH REGARD TO TYPE OF

INVOLVED

ROAD-USEFE
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