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Summary 

It is an accepted view that the design of the traffic environment is one out of several 
factors influencing the traffic process and accident risks. Traffic engineering details 
may play a more or less significant role in explaining the occurrence of an accident. 
A modified lay-out can, in other words, influence the risk of similar situations leading 
to the same consequences. 

Large resources are spent annually on trying to improve the lay-out of streets and 
roads in order to achieve a higher level of safety. We need knowledge about the 
effects of different countermeasures if these resources are to be used in an optimal 
way, seen from a total economical viewpoint This knowledge is gained through 
evaluations of implemented measures. To carry out these safety evaluations have, 
however, proven problematic in many ways. The number of accidents at a given site 
is small and only a portion of them are reported to the police. This means that an 
evaluation has to be based on experiments from a large number of sites, and over a 
long time period. Otherwise, enough accidents are not gathered. This shortcoming, 
together with others that come from the use of police recorded accidents, has meant 
that many countermeasures have never have properly evaluated. Where large scale 
evaluations have been carried out, the long evaluation time, with three to five years 
of waiting for results after the measure is implemented, has been trying in many ways. 
Therefore, changes in the traffic environment have been put into effect based only on 
belief that they will have a positive effect. 

An evaluation method in which experiments can be carried out quickly and on a small 
scale would have many advantages. A method such as this must be based on an 
alternative to accident counts. This alternative would have to be much more frequent 
than, but at the same time correlated to the accidents. This kind of measure can be 
called an indirect accident measure. One of the purposes of my work presented here 
is to describe different types of indirect factors that can be used for traffic safety 
evaluations. 

The basic hypothesis of the evaluation methodology presented here is that different 
types of indirect measures are to complement each other, so that they not only support 
the results of one another, but provide a basis for explaining and understanding the 
changes that have taken place. The conflict technique is the foundation of this 
evaluation methodology. It is based on studies of events that almost lead to accidents, 
so called serious conflicts. The Swedish technique was developed at this department 
under the leadership of Christer Hyden. The severity of a conflict is, in the Swedish 
technique, defined with the help of the time margin remaining to a collision (TA 
value) presupposing that none of the road-users takes an evasive action. The time is 
calculated from the moment an evasive maneuver is taken. The conflict is considered 
serious if the TA-value is less than or equal to 1.5 seconds. Research showed at an 
early stage that there is a correlation between the number of serious conflicts of a 
certain type and the number of accidents of the same type. Therefore, it is possible 
to predict the number of expected accidents with the help of conflict studies. 

The model that was chosen for calculating the relationship between serious conflicts 
and injury accidents recorded by the police showed certain theoretical and practical 
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weaknesses. I have therefore tried to modify the conversion model so that it gives a 
better link to the theoretical background while it is, at the same time, adapted to 
practical application. In my model, the serious conflicts have been divided into two 
severity classes, and the traffic situation into three groups. This model gives a better 
prediction of the expected number of accidents than the previous one. 

Table S: 1 The ratio between the number of injury accidents recorded by the police 
and the number of serious conflicts of a given severity class for different 
traffic situations. 

~ 

Car-Car II Car-Car .L Car-Pedestrian 
Car-Cyclist s 

Severitl:'. class 1 
Speed < 35 km/h 0 2.4 X 1Q·5 9.6 X 1Q·5 

1.0 :5 TA :5 1.5 sec. 

Severitl:'. class 2 
Other conflicts 2.8 X 1Q·5 11.9 X 1Q·5 33.9 X 1Q·5 

where TA :5 1.5 sec. 

TA 
Bil-Bil /I 

Bil-Bil l. 

Time to accident (in seconds). 
Rear end and parallel situations, where the angle between the paths of the two vehicles is clearly below 90 
degrees, i.e. the potential collision angle is sharp. 
Oncoming and perpendicular situations, where the angle is greater than or approximately equal to 90 
degrees between the paths of the vehicles. 

It is possible to carry out more detailed risk analyses than previously, with the help 
of recorded serious conflicts and simultaneous thorough traffic counts. Different 
demands can be put on a good measure of risk. I have therefore chosen to show the 
average risk per road-user (in my studies this is per cyclist) as well as how the risk 
varies with the volume of conflicting vehicles. This information can give a detailed 
picture of what happens, and is very important when conclusions are to be drawn 
about the safety effect of a countermeasure. 

Different conditions and circumstances influence our behaviors consciously as well as 
unconsciously. A modification of a technical lay-out detail can eliminate an undesired 
behavior or promote a desired one. This may directly or indirectly influence the 
accident frequency, since a faulty behavior is one of the links in the process leading 
up to an accident. Through studies of road-user behavior, one can also acquire 
understanding for the causes behind the change in risk that may occur when a measure 
is introduced. Such studies are therefore important complements to the risk analyses. 
The design of a study of behavior is dependent on which behaviors are of interest in 
that specific case. As a help in well formulating such an evaluation study, I 
recommend the following work pattern: 
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1. Define the behavior you want to have modified. 
2. In what way is this behavior best measured? 
3. Where and how is the investigation to be done? 
4. What size of the investigation is required in order to give conclusive results? 
5. Will you be able to verify your hypothesis with these studies (do you get an 

answer to your question)? 
6. Can you duplicate the studies after the countermeasure has been implemented? 

Are the situation compatible, so that adequate comparisons can be carried out? 
7. Are you, with the measure in mind, possibly influencing some other behavior 

in a negative way, and if so, how is this to be controlled for? 

Another way of complementing the evaluation is to study the flip side of dangerous 
traffic behaviors, i.e. occurrence of what we think of as safe behavior or safe mixing 
in traffic. The traffic safety should benefit from a good interaction between road 
users. If we manage to increase the share of 'benign' interactions, fewer accidents 
should be the result. 

The way an interaction is to be recorded depends greatly on how it is defined. The 
basis for an interaction is that two or more road-users demand the same space at the 
same time, so that some type of joint action takes place. In my studies I have 
concentrated my interest on interactions between vehicle drivers and cyclists whose 
paths somehow intersect. My classification of different interactions is based partly on 
legislation and partly on a subjective judgement. The question to be answered has 
then been, to what degree does a technical traffic modification influence the 
distribution between different types of interactions. 

Important knowledge concerning other vital factors can be gained by complementing 
the quantitative types of evaluation with qualitative ones. Interviews with road-users 
and other people influenced by a traffic lay-out give information about how these 
groups perceive it with respect to aesthetics, function, and accident risk. These factors 
may explain, for example, quantitative changes, and may also give ideas for 
improvements in the technical traffic solution. 

Using indirect safety measurements in the evaluation of traffic engineering measures 
has many advantages, and is often the only possible method. The results obtained 
through a single factor are often not enough for being able to draw conclusions 
regarding the safety effect of a countermeasure. Results from different indirect factors 
have to be combined and interpreted together. Which indirect factors should be 
studied to get a good combination for the evaluation has to be decided from time to 
time. 

The evaluation methodology described has been used for studying four types of lay 
outs aimed at raising the safety level of cyclists at signalized intersections. The 
studies are of varying size, both with respect to the number of indirect factors being 
included, and the number of places being studied. The four traffic technical lay-outs 
studied are: 
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- location of bike path through the intersection 
- pulled back stop line for motorists 
- bike crossing being painted blue 
- diagonal crossing for cyclists 

The study concerning the location of the bike path through signalized intersections, is 
the most extensive. The conflict observation time, in itself, constitutes over 1 000 
hours. The evaluation is based on a comparison between three different lay-out 
principles. These are through-going bike path, bike path discontinuing and feeding 
into a bike lane prior to the intersection, and complete absence of bike path. 57 
approaches of intersections have been included. Among these, 11 were studied for an 
extended distance of 100 meters. Based on the results, I give the following general 
recommendations: 

- build one-way bike paths 
- terminate the bike path 30 meters prior to the intersection, and let the cyclists 

continue on a bike lane 
- if the number of left-turning cyclists is more than 20% of the straight-on going 

ones, a through-going bike path should be chosen for that intersection. 

The effect of pulling back the stop line for motorists has been evaluated for six 
intersection approaches. This investigation is a before and after study. The risk 
analysis indicates that the cyclists are getting a clear safety improvement, in average 
about 35 % per cyclist passing through. Part of this improvement is experienced in the 
approach leading up to the intersection, and part can be attributed to a modified left 
turn behavior. Pulling back the stop line for motorists at signalized intersections is a 
measure that can be recommended for improving the situation for cyclists. 

Improving turning motorists ability to detect cyclists on two-way bike paths was tested 
at signalized intersections in Malmo by having the bike crossings painted blue. 
Evaluation with indirect accident measures was carried out at three sites using identical 
before and after studies. The analyses showed that a risk reduction could be discerned 
in only one out of four conflict situations, namely between right-turning motorists and 
cyclists in the 'wrong' direction (i.e. those going on the bike path on the left side of 
parallel vehicle traffic). My conclusion is that painting the crossing blue does not 
considerably improve the safety of cyclists, since the estimated risk reduction is based 
on a very small conflict number, and that the one distinguished reduction does not get 
support in an improved interaction between these road-user categories. 

When a new bike path is going to be installed along an existing street in a built up 
area, it is sometimes impossible to build it continuously on one side of the street. 
Changing sides should then preferably be done at intersections. At signalized 
intersections, this means that the cyclist will have to pass two crossings during two 
different signal phases. This creates extra delay and is also experienced as 
inconvenient. One way of solving this problem is to let the cyclists go diagonally 
through the intersection during an exclusive green phase. This solution has been 
studied at an intersection in Skelleftea. The safety of the cyclists has been analyzed 
when the signal is operating, as well as when it malfunctions and shows flashing 
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yellow in all directions. The accident risk of the cyclists turned out to be low when 
the signal was operating. Nor was the risk alarmingly high when the signal was 
flashing yellow, even though 50% of the cyclists continued to go diagonally. The 
conclusion is that the measure can be recommended. 

The quality of an evaluation carried out according to the methodology described in this 
report is often proportional to the resources that can be spent. Collection of data is 
rather demanding with respect to personnel. New techniques might be of help, so that 
in the future it will be possible to gather much more data for the same cost. At our 
department, there is ongoing research concerning automatic selection of interesting 
traffic situations from video recorded material. If this becomes successful, it will be 
possible to automatically select large parts of the data required for the evaluations 
according to the method described. 
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1. Background and Purpose 

1.1 Introduction 

In Sweden, there have been about 800 traffic fatalities per year during the 1980's. 
According to the official statistics another 21 000 people are injured annually (SCB, 
1991). At the same time, the hospitals' statistics show that around 55 000 people were 
admitted for treatment due to road accidents (Cedervall, M. & Persson, U., 1988). 
The traffic accidents are costly, about 12 billion Swedish kronor per year (SCB, 1991; 
Persson, U. & Svensson, M., 1991), and cause much suffering as well. The Swedish 
parliament, the Riksdag, has in 1982 and 1988 ratified political traffic goals by saying 
that the number of killed and injured people in road traffic should be steadily 
decreased. 

The traffic safety problem can be addressed from different levels. On the top level, 
the problem can be seen as an effect of the structure of our society. This deals with 
how we collectively have taken care of the demands for transportation, the modal split, 
the standard of each means of transportation, the educational standard of the road-users 
and so forth. But, it also deals with the attitudes and stands taken on transportation 
in general, and traffic safety in particular. All these principal factors have an 
important influence on our safety situation. Changes at this level do not influence the 
accident frequency immediately. Usually, these changes are not taken in order to 
improve safety, but to reach other goals in society. 

At a lower level of the system, traffic safety becomes more concrete, and a direct 
effect of our planning, i.e. of the design of the traffic system and the location of 
activities. For road traffic systems which this dissertation focuses on, the road and 
street network can, for example, be divided into different classes with respect to 
function, disturbances and problems. Traffic safety belongs among the latter one. 
The safety demands may vary for a specific road-user groups vary the function of the 
road. Traffic safety measures at this level can be of a type that influence safety 
development in the long turn, or more directly. 

At the third and lowest level, that we may call the detail system, we can look upon 
the traffic system in the perspective of how the road-user uses the system and performs 
in it. For example, the traffic environment makes demands on the road-users behavior 
while the ability of the road-users makes demands on the design of lay-out and 
function for different means of transportation. The former demands may sometimes 
become too great and thereby lead to traffic safety problems. The demands may also 
be too small and then lead to other traffic safety problems. Measures applied at this 
level aim at influencing the traffic safety situation in a direct way. 

Governmental bodies can create good conditions for a better traffic safety situation by 
contributions on all three levels. One problem is that most solutions are sought on the 
lower level, in spite of the basic problem being one or two levels higher. One reason 
for this is that it is much easier to identify and define problems and take actions in the 
detailed system than in the structure of the society. When actions are then taken on 
the lower level, only marginal safety improvements should be expected since the basic 
problem remains. This reasoning does not imply that actions should not be taken on 
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a lower level just because one suspects the basic problem to be on a higher one. The 
possibility of finding acceptable solutions might be restricted to the lower level. 

Actions can be taken in different areas. These can be educational actions and 
information; vehicle improvements; legal actions and supervision/enforcement; or 
planning and design of the traffic system. These measures can in principle influence 
the traffic safety situation in a positive direction in three different ways (T0I, 1989), 
i.e.: 

- by decreasing the risks in the traffic system 
- by decreasing the consequences of a collision 
- by decreasing the exposure to accidents 

No matter in which area or on what level the action is taken, we should always 
evaluate what happens when the action is taken. One of the most important effects 
is then traffic safety, but also its effect on, for example, the environment, economy 
and comfort should be included. Through the evaluation our knowledge is improved, 
so that we can make more efficient future actions. Only with the help of such 
knowledge will it be possible to meet the goals set by the parliament, i.e. that the 
number of people killed and injured in traffic be steadily decreased. To evaluate the 
traffic safety effect of different actions is therefore an important area to work in. 

1.2 The Importance of the Traffic Environment for 
Accident Occurrence 

The actions taken to improve traffic safety reflect to a great degree the current view 
of why accidents happen. These views change over time, and follow a number of 
factors. The most important is probably the level of knowledge, the development of 
the society as a whole, and the cultural and religious background. In the western 
world "accident research" has, over a relatively short time period, changed our view 
of what causes accidents. Originally, a religious or fatalistic view prevailed, i.e., 
accidents are the deeds of the devil or caused by faith. Nowadays, a systems approach 
is applied, i.e., a number of factors simultaneously contribute and influence each other 
so that an accident happens. 

This systems approach in traffic accident research can hardly be said to have been 
applied until the 1970's. Prior to the 1950's, the 'scientific' view almost always 
pointed out only deficiencies in the road-user as the explanation for an accident. 
Actions to improve traffic safety were then almost always aiming at better education 
and information. In the 1950's and 60's, two other components were included--the 
vehicle and the road--as accident causing. This contributed to a massive attention to 
'safer' vehicles and 'safer' roads. 

In the 1960's and 70's, eyes were opened to the fact that humans do not always meet 
the demands of traffic. There is a relationship between the vehicle-road components 
and human ability. Theories on systems approach are now developed. The American 
researcher J. S. Baker expressed in 1963 the following (Nordqvist, S., 1986): "to 
point out one single factor as the most important cause is like pointing out which link 
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is the most important one in a chain, or which leg is the most important one on a 
chair". 

Models trying to describe this view are of a more or less complicated art . A very 
simplified one, based on a practical method of analysis (Carlqvist, T. & Persson, H. 
1988), is illustrated in Figure 1: 1. 

I Road-user I 
( ) 

I Vehicle I 

I Road-user I 
( ) 

I Vehicle I 

Traffic environment 

Background 

Critical 
behavior 

---------- 1 Critical 

Jl==::;:i> Accident 

1 behavior 1 
'---------.J 

FRAME OF EXPLANATION PROCESS OF OCCURRENCE 

Figure 1: 1 System oriented view of the accident process (Carlqvist, T. & Persson, 
H. 1988). 

According to the model a traffic accident is preceded by a process of occurrence (a 
process over time), where one or more critical behaviors are assumed to contribute 
to considerably increasing the probability of an accident. Examples of such behaviors 
are violations, inadequate speed adaption or tailgating, faulty maneuvers, et cetera. 
Also, the lack of a relevant behavior may be characterized as critical. 

The causes of these critical behaviors can then be related to the different traffic 
components (driver, vehicle, and environment) and the interaction between them. 
These causes from the so-called frame of explanation behind the occurrence of 
critical behaviors and process of occurrence. Some of the causes may be attributed 
to deficiencies or other abnormal properties for one of the individual components in 
the situation (critical circumstances). Examples can be faulty brakes, drunk driving, 
an icy road, et cetera. Other causes can usually be related to deficiencies in the 
interaction between the traffic components. In the background there are a lot of other 
factors, that to some extent also influence the situation. As an example of such 
factors, we can mention attitudes, social milieu, et cetera. 
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The standard doctrine, based on the reasoning above, is that the design of the traffic 
environment is one of the factors influencing the possibility of a given situation 
leading to an accident. Traffic environment here primarily refers to the technical road 
lay-out, but the term can also include the inner environment of the vehicle, as well as 
other road-users not involved in the conflict, and other distracting entities in the 
vicinity. The details of the traffic environment have, from this point of view, a more 
or less important role in explaining what happened in the specific accident. 

The complexity of the traffic system, with a great number of factors influencing the 
situation, makes every accident unique. The combination of factors that--to a varying 
degree--have influenced the mechanism of an accident is unique. This means that 
there will never be two completely identical accidents. Common features then, are 
what is of interest. If, for example, a certain technical traffic design is one of several 
factors of importance to the accident occurrence, a modified design might influence 
the probability of accidents happening under similar conditions. 

Some professionals claim that the vast majority of the accidents on our roads can be 
looked upon as "normal accidents" (Nordqvist, S., 1986). The phrasing "normal 
accident" has been the base of a theory for analyzing complex systems. The 
hypothesis is that multiple faults always occur in complex systems. These cannot be 
avoided through planning, and operators cannot immediately understand what is 
happening. The accident at the Three Mile Island nuclear plant was, in an in-depth 
analysis, referred to as a normal accident in the sense that it could not have been 
avoided, no matter how good the planning. Operators cannot always be expected to 
draw the right conclusions fast enough from indications given. It must be considered 
normal that human beings sometimes makes mistakes, no matter how well trained for 
the task. For example, it has been revealed that astronauts make a number of mistakes 
during their space trips, in spite of long and thorough training. 

Similarities can be found in the complex system 'traffic'. Here, the frequency of 
faulty operations is immense. A study in the US showed that out of 300 drivers 
tested, every single one made at least one faulty operation within five minutes of 
driving (Bremer, B., 1967). Faults that are made often can, under certain 
circumstances, lead to an accident. Such accidents could be labeled 'normal' in the 
present system. If we want to drastically reduce the number of these accidents, we 
must change the conditions of the system radically, i.e. we need to change the 
structure of our whole society or at least of the traffic system. Countermeasures taken 
on the detailed level would then only be able to reduce the accident numbers to a 
certain level, since there will always be a large number of 'normal' accidents. 

The opinion varies as to what extent traffic safety improvements can be attained 
through traffic environmental measures. Technicians often have a great trust in 
engineering solutions, while behaviorists have much less faith in those measures. The 
discrepancies are usually based on different viewpoints as to cause and effect. In later 
years, however, more and more behaviorists have taken the view that environmental 
measures are the most efficient in reducing the number of road accidents, at least in 
the present system. The details of the engineered lay-out are of considerable 
importance here. 
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The structural design and the detailed lay-out of roads and streets are areas where 
large resources are continually used for safety improvement. In 1989, the state and 
the local councils together invested around 4.4 billion kronor (approximately US$ 730 
million) in new roads and streets (SCB, 1991, Svenska Kommunforbundet, 1990). A 
large share of these investments were made for the purpose of improving the traffic 
safety. Although the original motive was sometimes a different one, new 
infrastructure is always designed in order to give a high level of traffic safety. 
Maintenance and operation of the existing road and street network amounted to a total 
of 8.1 billion kronor (approximately US$ 1.4 billion) in 1989 (SCB, 1991, Svenska 
Komrnunforbundet, 1990). The costs of traffic safety improvements through changes 
in the road and street design are usually hidden in the costs of maintenance. How 
much is spent on improving safety through changes of details can therefore not be 
seen, but the annual amount may be substantial. 

If we want the money spent on construction and improvements in the road sector to 
be used optimally, we need knowledge of how different measures affect traffic safety. 
We try to obtain such knowledge by evaluating the effect of countermeasures. 
However, to carry out these evaluations have proven very problematic. 

1.3 Problems when Evaluating on the Detailed Level 

1.3.1 The Measurement 
As mentioned above, there are important motives as to why the traffic safety effect 
should be evaluated when traffic engineering measures have been taken. One problem 
is that safety is defined in an ambiguous way. Traditionally, improved safety has 
meant fewer accidents or less severe consequences. The consequence of an accident 
can be expressed in injury severity or in economical terms covering costs for 
hospitalization, loss of production, and material damages. In the accident 
consequences, we normally also include the physical and psychological suffering of 
the road-users involved as well as the psychological suffering by friends and relatives. 
It is very difficult to quantify physical and psychological suffering, and therefore these 
effects have often been neglected in evaluations. 

One difficulty is whether psychological suffering and worry over accidents which 
have not yet occurred should be included in the term traffic safety. This problem will 
be illustrated here by an example: The city officials responsible for traffic often get 
letters and phone calls from people who experience traffic as a great threat. It is not 
uncommon that parents request measures to improve safety in their neighborhoods 
even though there have never been any accidents. Is the traffic safety good just 
because no accident has occurred? No! The worry is based on situations that are 
perceived as accident prone, often possibly based on high vehicle speeds. If the 
accident prone situation is remedied, then the psychological load is diminished. Then 
an increased feeling of safety ensues. In other words, each individual may have his 
own aspect of the meaning of the concept 'safety' . 

To use occurred accidents as a measure of traffic safety has been a tradition but gives, 
along with the motives of above, an incomplete picture of the problem. It should be 
complemented with a measurement of the physical and psychological suffering from 
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accidents and what we as individuals perceive and value as safe. On the other hand, 
the measure "occurred accidents" may reflect the direct economical consequences. 
This is an important aspect from society's point of view. Police reported accidents are 
the dominant measure used for traffic safety comparisons. Usually, the number of 
accidents is divided by some variable. The purpose of this is to correct for the 
influence of this variable when doing the comparison. Typically, this variable is some 
type of traffic activity (usually number of vehicles or vehicle-kilometers). 

Police reported accidents as a measure creates other problems besides the incomplete 
picture presented when being used for evaluations. It is, for example, a well known 
fact that only a small fraction of all accidents are reported to the police. Only 
fatalities are reported to almost 100%. Among the injury accidents, many are not 
reported. Comparisons between hospital statistics, insurance companies, and police 
records show that the number that needed care for injuries from traffic accidents is 
roughly 2.7 times greater than reported to the police (VTI, Meddelande 511, 1987). 
Furthermore, the reporting is biased, i.e. some accident types are reported less than 
others. Accidents involving unprotected road-users are especially under-reported. It 
has also been revealed that severe bike accidents are not reported with a higher 
probability than less severe ones. The hospital records do not show all accidents 
either. A study from Malmo, not yet published (Department of Traffic Planning and 
Engineering, LTH), shows that a great share of the people getting treatment for traffic 
injuries are not recorded as such. 

Another problem is that traffic accidents occur rather seldom. At least so seldom 
that this causes a problem when evaluating the effect of a measure. Even when the 
expected number of accidents is constant over time, the number of accidents that occur 
during individual time periods varies. There is a random variation. Experience shows 
that this variation follows the Poisson distribution. The shorter the period, and the 
smaller the accident number, the greater the influence of this random variation. This 
is illustrated in Figure 1:2 (VTT, 1989). If we, for example, have 5 recorded 
accidents one year at a site, the expected number to be reported in an 'identical' year 
is with 90% probability between 2. 7 and 9.2. If in average 5 accidents are recorded 
per year over a five year period, the expected number to be recorded is with 90% 
probability between 3.7 and 6.8 accidents per year. The random variation and the 
small number mean that the recorded number is usually a bad indicator of the expected 
number. 
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Figure 1:2 90% confidence interval for the number of accidents per year when the 
estimate is based on one, three or five years of accident data (VIT, 
1989). 
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1.3 .2 The Method 
There are a number of investigation methods that can be applied to evaluations. They 
can be divided into the following main groups (T0I, 1989): 

a. statistical experiments 
b. before and after studies with control groups 
c. before and after studies without control groups 
d. comparison studies with and without a detail 
e. statistical studies of co-variation 

The statistical experiment means that a number of representative sites are chosen. Out 
of these some are randomly picked for being treated, and others for being included in 
a control group. In this way, there will not be any systematic errors in the choice of 
experimental population. Then the change in accident occurrence for the treated 
places is compared to that of the untreated ones. This is the most reliable way for 
measuring changes, but for many reasons it is not often used in the traffic safety field. 
The main reason is that the road administration is usually not interested in treating 
places that do not have a history of problems. 

Before and after studies with control groups are carried out in the same way as the 
statistical experiment, but with one difference. The places to be treated are not chosen 
randomly. This means a loss of the full control of all variables that may influence the 
accident outcome. To some extent this is corrected for by choosing control 
intersections similar to the treated ones. Many investigations lack a control group all 
together. 

In comparison studies the accident outcome of places with the detail is compared to 
those not having this detail, but are as identical as possible otherwise. The problem 
is that identical places do not exist. This means that other factors might also influence 
the results. In statistical studies of co-variation, one tries to extract different factors' 
influence on the frequency of accidents. This study design is usually considered to be 
the least favorable one. 

The choice of method can be of great importance to the results of the evaluation. If 
it is possible to choose method, the statistical experiment should be chosen. In this 
way, the uncontrolled influence of other factors is avoided. As a second choice, the 
before and after study should be picked, preferably with a control group. The third 
choice should be the comparison study and finally the statistical study of co-variation 
should be selected. 

If the treated places have not been selected randomly, regression-to-the-mean can be 
expected. This statistical phenomenon is the strongest when the choice of places for 
treatment has been taken because they have had many accidents in latter years. Since 
the number of accidents that occur varies from year to year, even if the risk of an 
accident is constant, a randomly great number of accidents during a period will 
normally be followed by a smaller number in the next period of the same length. If 
the choice of places for treatment is based on a high accident number for the last few 
years, a risk reduction of 30 to 40% can be expected from the before to the after 
period even if nothing is done, or an inefficient measure is installed. This is due to 
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the regression-to-the-mean effect. There are techniques for correcting for this effect 
at evaluations (Briide, U. & Larsson, J., 1987). 

From a statistical standpoint, a certain size of data set is required in order to ascertain 
a traffic safety improvement (Brundell-Freij, K., 1991). The greater the improvement, 
the fewer observations are needed in the before situation. Table 1: 1 shows how large 
a data set (number of accidents) is required in the before period, in order to confirm 
a given change in safety with a specified probability. As can be seen, a rather large 
data set is needed to be able to "statistically assure" a relatively large safety 
improvement. 

Table 1: 1 Required data in before study for evaluation purposes, assuming a 
Poisson distribution (Brundell-Freij, K., 1991) 

Expected safety Number of accidents required to confirm a difference with 
effect 90% probability in 8 out of 10 studies. 

10% 710 
20% 198 
30% 82 
40% 41 
50% 23 

The required large data sets mean that an evaluation has to include accidents from a 
relatively long time period. A period prior to the treatment should usually be 
followed by an after period of the same length. But this is not sufficient for evaluation 
purposes. All other factors have to be kept constant as well, or as close to constant 
as possible. Otherwise, the established difference may be caused--fully or partly--by 
the change in some other factor. If the time periods are five years each, ten years 
have passed before the onset and end of the study period. During this period a lot of 
important factors may have changed which could influence the outcome. This is a 
major problem. 

The number of accidents can be increased by adding accidents from many sites with 
similar conditions and problems. The problem is then to identify these places and 
have the same treatment done to them. The effect of the treatment may also vary from 
place to place because of somewhat varying conditions. The more places to be 
included, the harder to find 'similar' places. To add a lot of places to the analysis 
often means that the group becomes so inhomogeneous that it is impossible to 
illuminate the effect of the measure as a remedy for a specific problem. 

1.3.3 Miscellaneous 
The effect of a countermeasure can seldom be evaluated until a long time period has 
passed, since the number of accidents per time unit is low. This extended time 
duration causes methodological problems as described above. However, there are 
other disturbing factors connected with this wait. Unnecessary accidents occur until 
the evaluation clarifies that the treatment should be corrected. And if the evaluation 
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shows that the treatment is very effective, then it could immediately be applied at other 
sites, instead of just waiting for the after period to elapse. In other words, a quick 
answer to the effect of a countermeasure is desirable for many reasons. 

One of the difficulties when carrying out an evaluation is to control for the fact that 
the traffic safety problem does not pop up somewhere else, once a place has been 
remedied. This phenomenon is called accident migration and can occur, for example, 
when a street is blocked off. The traffic that used to pass through the closed street 
will probably move to other streets, and may contribute to traffic safety problems 
there. If the added problem to the 'new' streets in total is less than what it was on the 
closed off one, a traffic safety gain has been made. Such controls are usually very 
hard to carry out. 

The migration effect may also occur when the purpose of a countermeasure is to 
change a behavior. This may have a positive influence on the safety at the site where 
the measure is installed, but might mean that unwanted behavior spreads to new 
places, with negative consequences. Such a phenomenon occurred in an American 
suburban area where a great number of intersections got four-way stop control (Hauer, 
E., 1985). At such intersections, the rule is that one is to yield to drivers that arrive 
prior to oneself to the stop line. There were large accident reductions at these 
intersections. However, the non-treated intersections experienced accident increases. 
These had two-way stop control. The reason for the increase in accidents was that 
these latter intersections were thought to have been given four-way control. Drivers 
arriving to the intersection on the approaches with stop signs, often had the same 
behavior as if they were arriving to an intersection with four-way stop, i.e. they went 
first, if they arrived first to the stop line. 

Often it is hard to judge beforehand how a measure will influence the system road 
user, vehicle, and traffic environment, and how it will influence the interactions 
between the road-users. An 'improvement' can, for example, be used for changing 
behavior so that the safety effect does not become as great as expected, or even 
vanishes completely. One example of this is studded tires. The increased safety given 
by the studs is fully compensated by higher speeds. This phenomenon is called risk 
compensation theory or theory of homeostasis. In general, it makes it hard to achieve 
greater traffic safety improvements, unless the compensatory tendencies can be 
suppressed when introducing the measure. 

Many of the problems described make it hard to carry out good traffic safety 
evaluations. This is especially true for measures tested on a small scale, which is 
often the case when traffic engineering lay-out details are to be tried out. The reason 
that only small experiments can be carried out is partly the cost and partly that the 
road administration does not want to take the risk that the measure causes negative 
results. There are therefore good arguments for developing evaluation methodology 
in a direction that minimizes these problems, especially so that one can get quick 
answers to the question of whether a countermeasure improves or deteriorates safety. 
Also, this answer should be obtained with as small an allocation of resources as 
possible. 
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1.4 Bicyclists' 'Safety' at Signalized Intersections 

When cycling increased heavily in the mid-1970's, the interest in planning bicycle 
traffic also increased. The bicycle became a 'vehicle' not to be overlooked, at least 
in urban areas. The national agencies encouraged the local councils with grants 
designated to e.g. bike paths. A relatively intensive period of bicycle traffic planning 
and bike path construction started in many Swedish towns. How was this bike 
network to be built in an optimal way? How were the bike paths to be designed? The 
questions were many, and the knowledge very limited. This necessitated research. 

Bike riders are a vulnerable road-user group. During the 1980's, about 2 700 pedal 
cyclists were killed or injured every year, according to the official statistics (SCB, 
1980-89). Bike riders thereby comprised about 13 % of the fatalities and injuries. 
About 85 to 90% of these accidents occurred in built up areas. As earlier mentioned, 
the official traffic accident statistics are very inadequate. Studies based on hospital 
statistics show that around 20 000 bike riders are injured annually in Sweden 
(Cedervall, M., Persson, U., 1988). Out of these about 100 are killed and over 4 300 
are hospitalized. According to these sources, bike riders make up almost 30% of the 
severe injuries (including fatalities), and almost 50% of the slight injuries. 

These later studies show that the traffic safety situation for cyclists is much worse than 
thought earlier. Related to their share on the roads they are, as a group, very over 
represented in accident files. There are arguments for increased biking from the 
energy perspective and environmental standpoint as well. Therefore, we must try to 
improve their safety. 

How great is the intersection problem? Unfortunately, it is hard to give a definite 
answer to this question. Police statistics show that around 65 % of bicycle accidents 
are collisions with motor vehicles. Out of these about 80% occur at intersections. 
According to the hospital statistics though, only 15-20% of the bike accidents are such 
collisions. The rest are single accidents or bicycle-bicycle collisions (Ljungberg et al, 
1987). 

Even if less than 20% of the injured bike riders were hurt from a collision with a 
vehicle, these injuries are often very severe. According to Ljungberg, about 86% of 
the bicycle fatalities involved a motor vehicle. 30% of the severe injuries were such 
collisions. 

How great is the safety problem at signalized intersections compared to that of non 
signalized ones, or compared to other traffic safety problems for cyclists? This cannot 
be answered, at least not in a simple way. Accessible statistics do not make such a 
comparison possible. We have around 2 500 signalized intersections through out 
Sweden (NVF, 1989). How many non-signalized intersections do we have? This 
question can hardly be answered; and even if it could be, we wouldn't know how 
many cyclists pass through them each. 

In Malmo, for example, 17% of the police reported bicycle accidents happened at 
signalized intersections during the five year period 1982 to 1986 (Malmo Gatukontor, 
1986). During this period, Malmo had 117 signals operating. To compared this to 
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the total amount of intersections makes no sense, since the signalized ones are of a 
different nature. The signalized ones usually have many more cyclists passing. 

There has been, in a Swedish study, an attempt to compare cyclists' risks at signalized 
and non-signalized intersections. The data was rather limited. The results indicate 
that the risk is about 20 % lower at signalized ones (Ek, H., 1984). Risk is defined 
here as the number of police reported bicycle accidents per million passing motor 
vehicles. The same study shows that intersections with bike paths are more dangerous 
than those without. Also in Denmark, an increase in bicycle accidents have been 
experienced after construction of bike paths. This increase has been alarmingly high 
at signalized intersections (Vejdirektoratet, 1986). 

The facts presented above, that cyclists are a vulnerable group, that the most serious 
injuries happen at intersections, and the number of accidents at signalized intersections 
is large and increasing, definitely justifies a study of bicycle safety at signalized 
intersections. At the same time, the possibility of enhancing safety through technical 
road improvements on the detailed level should be investigated. 

1.5 Aim 

This thesis has two main aims. 

Aim 1 
Research concerning traffic safety evaluations has been going on in the Traffic Safety 
Group at our department since the beginning of the 1970's. Dr. Christer Hyden has 
been the supervisor of this research throughout. I have been active in this group since 
1976. A large share of the work has been focused on trying to evaluate the safety 
effect of technical traffic solutions in urban areas. Difficulties in this has meant that 
a large part of the work has been directed at developing different methods for such 
evaluations. 

One of the goals of this work has been to present different evaluation tools that can 
be combined into a technique so that the safety effect of traffic engineering measures 
can be obtained quickly. Quick evaluation eliminates many of the problems described 
in Section 1.3. Some of these tools have been developed by me during my 
employment at the department, but most of the work has been in cooperation with my 
colleagues. The basic idea is that different evaluation methods are to be woven 
together into an holistic picture, so that the desired knowledge of the safety effect of 
the countermeasure is attained, as well as an understanding for the mechanisms 
causing the effect. 

Aim 2 
The problems of unprotected road-users is a central part of the traffic safety research 
at our department. The growth in general interest regarding bike riders' problems 
made it natural for us at the department to help build up such a knowledge bank. 
Several projects that I was made responsible for were tied to bike riders problems at 
signalized intersections. 
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The second goal of this work has been to apply the evaluation techniques developed 
on how technical traffic solutions influence function and safety for cyclists at 
signalized intersections. Confinements have been drawn to cover the following 
technical traffic variables: 

- location of bike path through the intersection 
- pulled back stop line for motorists 
- bike crossing painted in special color 
- diagonal crossing for cyclists 
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2. Method 

2.1 Introduction 

The existing disadvantages of using police reported accidents as a measure of safety 
have meant that most traffic engineering solutions have never been evaluated. 
Changes in the traffic environment have therefore often been carried out based only 
on a hope that the effect would be beneficial. When evaluations have been made, it 
has been necessary to do the experiments on a scale large enough for sufficient 
accidents to occur. In spite of large scale experiments, evaluation results have not 
been obtainable until three to five years after the intervention. This has been annoying 
for many reasons. 

A quick evaluation method, where experiments can be carried out on a small scale, 
would mean great advantages. Such a method has to be based on an alternative to 
occurred accidents. This alternative has to be much more frequent, but at the same 
time correlated to the accident occurrence. We call this an indirect accident 
measurement. 

The starting point for the research of the Traffic Safety Group at the department has 
been to find indirect factors for delineating traffic safety. It is, in this context, not 
always a requirement that the indirect measurement has a verified correlation to the 
occurred accidents. However, such a correlation is often advantageous. The 
measurement can instead be connected to factors that we as individuals perceive of as 
dangerous, or safe. A modification that eliminates such factors is then also positive 
from a traffic safety standpoint (compare with Section 1.3.1). 

Traffic Conflicts are such indirect factors. They can be used in describing changes 
in safety. A serious conflict is an event that almost ends in an accident. The 
difference is that the road-users through their actions manage to avoid the collision. 
Research by the Traffic Safety Group also showed early on a correlation between 
serious conflicts and accidents of the same type (Hyden, C., 1976). It is therefore 
possible to study conflicts in order to predict accidents. This technique is under 
constant development. I have, for example, worked with adapting the technique so 
that it predicts accident frequency for unprotected road-users better. This work is 
described in Section 2.2. Also reported here is how I have used this technique for 
practical evaluations. 

The behavior of the road-users, especially those behaviors that we sense as dangerous 
(compare with Section 1.2), is another example of indirect factors that can be studied 
and used for evaluation purposes. The hypothesis is that the behavior strongly 
contributes to the formation of accidents. The difficulty can be to verify this 
conclusively. There are studies that show a correlation between a certain behavior and 
the risk of an accident, but these studies are few. Nevertheless, it is an accepted 
supposition that there are a number of behaviors that contribute to accident occurrence 
during unfavorable conditions. The more frequent these behaviors are, the more 
accidents happen. It should, therefore, be possible to base accident predictions on the 
frequency of these behaviors. I describe studies of behavior for evaluation purposes 
in Section 2. 3. 
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An alternative method is to study the flip side of dangerous traffic behaviors, i.e. 
occurrence of what we think of as safe behavior or safe intermingling in traffic. 
Traffic safety should benefit from a good interaction between road-users. If we, with 
some type of countermeasure, manage to increase the share of 'benign' interactions, 
it should be reflected in higher safety. How studies of interaction can be used for 
evaluation purposes is reported in Section 2.4. 

However, it is not enough with a decrease in the number of accidents, conflicts, or 
dangerous behaviors, or an increase in the number of good interactions to ensure that 
a countermeasure has contributed to a higher safety level. This is the case only if the 
situations in the before and after period are identical (or if the group with the 
countermeasure is identical to the group lacking it). To make a fair comparison 
between the before and after period, any change that exists or occurs during the 
evaluation period has to be taken into consideration. 

If the time between the before and after periods can be kept short, the probability is 
usually small that more general changes will influence the results. However, changes 
in traffic volumes may be considerable, especially if the investigation periods are 
short. By comparing the risk of an accident, or the risk of an undesired event, such 
possible differences are eliminated. The term risk is highly controversial, and 
definitely dependant on how it is operationally calculated. The choice of calculation 
method may therefore be of great importance for the analyses and the conclusions that 
will be drawn with respect to the safety effect of a countermeasure. How I in theory 
and practice treat analysis of risk for evaluation purposes is described in Section 2.5. 

To introduce traffic engineering measures that are perceived of as very dangerous by 
road-users can sometimes have a positive effect on the accident outcome. The 
measure may, for example, furnish a higher level of attentiveness with certain 
dangerous behaviors declining. But, it may also lead to anxiety when in traffic. This 
in turn may mean that some people do not even dare to pass the sites where this 
measure has been introduced. Such effects are, in most cases, not desirable. How 
experiences of and attitudes to a countermeasure can be dealt with at the evaluation 
is addressed in Section 2. 6. 

As described, there are quite a few alternative factors/variables that can be used for 
traffic safety evaluations. The results from solitary elements are not sufficient for 
giving the information required for conclusive deductions concerning a 
countermeasure's effect. This cannot be achieved until the different evaluation 
elements are combined and their results interpreted in one context. If this is done, the 
mechanism explaining the result may also be found. It is always important to explain 
a result. This gives it a substantial value. In Section 2. 7, I discuss how to interpret 
evaluation results. 

Which indirect factors are to be studied in order to give a good combination for a 
specific evaluation must be judged from case to case. In Chapter 3, I give four 
examples of how I have applied different combinations of indirect factors to evaluating 
the safety effect of traffic engineering design details for bicyclists at signalized 
intersections. 
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2.2 Conflicts 

2.2.1 The Swedish Conflict Technique 
The development of techniques for using traffic conflicts in safety analyses, began in 
a number of countries at the end of the 1960:s and beginning of the 1970:s. In 
Sweden, the research was initiated at the Planfor research group in Helsingborg. 
Planfor was an independent group associated with the Department of Traffic Planning 
and Engineering at University of Lund. When this group was dismantled in the 
beginning of the 70's, one of its researchers, Christer Hyden, continued this work at 
our department in Lund. 

The basic hypothesis of the conflict technique is that there is a specific relationship 
between the number of situations that almost lead to an accident and the number of 
accidents of comparative type. The situations that almost lead to accidents are called 
serious conflicts. These are situations that no road-user voluntarily gets involved in, 
and demand an 'immediate' intervention in order to prevent an accident. 

Hyden was of the opinion that the seriousness of a conflict should be determined by 
the time margin that remains to a collision, presupposing unchanged speeds and 
directions for both road-users, i.e. no evasive manoeuvre is taken. This margin is 
called the Time to Accident (TA). Possible evasive maneuvers are braking, 
acceleration, or swerving. 

Studies of video filmed situations indicated that road-users do not voluntarily get 
involved in situations where a collision is closer than a certain time. These studies 
resulted in choosing a threshold value of 1.5 seconds. A serious conflict was thereby 
defined as follows: 

A serious conflict occurs when two road-users are involved in a conflict with 
a Time to Accident (TA) equal to or less than 1.5 seconds. TA is calculated/or 
both road-users involved, and the calculation starts at the moment the first of 
them begins acting to avoid the accident. 

A prerequisite of the technique is that human observers are used. They learn to 
identify and describe conflicts. Tests of observer reliability show that 85 to 90% of 
serious conflicts are correctly judged after one week's training. (Hyden, C., 1976) 

Recording of conflicts is done directly in the field· by ground level observers. 
Dependent on the size of an intersection and the traffic volumes, one or two observers 
are needed. In the first version of the technique, the observers judged the TA-value 
as well as the speed of the fastest moving vehicle immediately before the conflict 
occurred. The severity of the conflicts was split into four classes based on TA-value 
and speed, according to Table 2: 1. 
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Table 2: 1 Severity of serious conflicts in four classes (according to the first 
Swedish version) 

Severity Speed of the fastest moving Time to Accident in seconds 
road-user (TA) 

1 < 35 km/h 1.0 ~ TA ~ 1.5 
2 < 35 km/h TA< 1.0 
3 ~ 35 km/h 1.0 < TA ~ 1.5 
4 ~ 35 km/h TA< 1.0 

The substantial work carried out to validate the technique was presented in 1976 
(aiming at establishing statistical relationships between the number of accidents and 
serious conflicts) (Hyden, C., 1976). Three different studies were carried out from 
1974 to 1976. Conflicts were recorded in a total of 115 intersections, 50 in Stockholm 
and 50 + 15 in Malmo. The studies were performed on weekdays between April 15 
and June 15 from 9 AM to 6.30 PM. 

The intersections were classified according to the following: 

1. Low Speed Intersections (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 

In the first study, Malmo 50, seven parameters were studied regarding what influence 
they had on the number of personal-injury-accidents per unit of time, as opposed to 
the number of conflicts per unit of time. Conflicts were tested for the first 50 Malmo 
intersections. For this purpose step-wise regression analysis was used. The parameters 
were: Intersection Type, Visibility, Existence of Island, Type of Road-User 
(pedestrian, cyclist, or car), Direction of Travel, and Time of day. 

According to the regression results, the relationship between the number of accidents 
and conflicts primarily depends on which of three road-user categories and four speed 
types the intersection belongs to. Because of the limited size of the data set, there was 
a further reduction into two road-user categories and two speed types. A test was 
carried out as to whether this was a reasonable merging or not. The hypothesis that 
the values to be merged were the same could not be rejected, and therefore the 
following graph (Figure 2: 1) could be produced, showing conversion factors between 
the number of serious conflicts and police reported injury accidents. 
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Car - Car Car - Pedestrian 
Car - Bicycle 

Situations with turning vehicles, and 
with straight forward going vehicles in Cell 1 Cell 3 
low speed intersections 

Situations with straight forward going 
vehicles in signalized and high speed Cell 2 Cell 4 
intersections 

Figure 2:1 Graph showing the conversion factor between the number of serious 
conflicts and police reported injury accidents. 

The ratio between the number of police reported injury accidents and the recorded 
number of serious conflicts per time-unit was calculated for each cell and for each of 
the three studies. The accident figures contain seven or eight years of data 
immediately preceding the conflict data. Only accidents recorded during weekdays and 
between 9 AM and 6.30 PM have been included. Adjustments have been done with 
respect to the trend in accident numbers between the accident and conflict data 
periods. The ratio which is calculated shows the 'probability' with which a conflict 
ends up being a personal injury accident. Table 2:2 shows these ratios and within 
brackets 90% confidence intervals for each cell, and for each study and their 
aggregation. 

Table 2:2 The ratio between the number of injury accidents and serious conflicts 
per time unit x 10·5_ Within parenthesis 90% confidence interval. 
(Hyden, C., 1976) 

I Cell no II Malmo 50 I Malmo 15 I Stockholm 50 II Sum I 
1 3.2 3.5 3.1 3.2 

(2.0-6.9) (1.8-14.0) (1.8-8. 7) (2.2-5.1) 

2 11.1 13.7 14.1 13.2 
(8.2-16.1) (8.9-24.0) (11.6-17 .6) (11.2-15.7) 

3 15.3 16.0 12.8 14.5 
(12.2-19.6) (10.6-26.2) (9.3-18. 7) (12.2-17.4) 

4 89.2 81.4 62.1 77.2 
(70.5-113.3) (44.8-140.0) (44. 7-85. 7) (64.8-91.9) 

AITN! The values should be multiplied by io-. 

A comparison between the conversion factors (the ratios shown in Table 2:2) shows 
rather stable values for the three studies. Only Stockholm 50 cell 4 deviates notably 

19 



from the Malmo values. This may be explained in many ways. Hyden gives the 
following speculations: 

- bicycle conditions are very special in Stockholm 

- the vehicle mix is quite different from the one in Malmo 

- the ratios for unprotected road-users are based on very modest data sets. 

In spite of the differences for cell 4, it was considered natural to merge the data from 
the three studies. Thereby four conversion factors are obtained as 'averages' between 
the number of injury accidents and the number of serious conflicts per time unit. In 
average, the following number of serious conflicts happen for every police reported 
injury accident: 

cell 1 
average number of conflicts 
per injury accident 31 200 

cell 2 

7 600 

cell 3 

6 900 

cell 4 

1 300 

With the help of these conversion factors it is possible to use conflict studies for 
estimating the expected number of accidents for any given time period at an 
intersection. This opens new possibilities for evaluating the safety effect of a 
countermeasure. 

A great advantage with the conflict technique is that it makes it possible to document 
critical actions in the events leading up to the predicament. This documentation, 
together with notions based on these studies, can be used for forming hypotheses about 
the causes of the critical situations. This improves the chances of finding effective 
countermeasures. 

The Swedish Conflict Technique is rather rigorous in comparison to techniques 
developed in other countries. The earliest presented technique, developed in the US 
(Perkins and Harris, 1968), used a very wide definition of a serious conflict. 
Precautionary braking, as well as situations extremely close to accidents, were 
included. In England, the severity of a conflict w~s defined by the subjective 
judgement of accident risk by the observer. Different techniques for studying conflicts 
are described in "Proceedings: First Workshop on Traffic Conflicts" (Amundsen, A., 
Hyden, C., 1977). 

What makes the Swedish technique different from the rest is, in particular, our strong 
effort to validate the relationship between serious conflicts and police reported 
accidents. It was also for this reason that it more quickly became a useful tool for 
analyzing safety conditions, outside the research community as well. This contributed 
to the Swedish technique being implemented in other countries, e.g. Finland and 
Denmark. 
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2.2.2 Development By Me 
When using the above described conflict technique for practical purposes, certain 
shortcomings were soon observed. Some of the most obvious ones surfaced when 
trying to study cyclists' safety. The differences between the conversion factors for the 
Malmo and Stockholm materials with respect to cell 4 would have to be explained, 
before major studies of cyclist's accident risks were carried out. 

The most important weakness was, however, connected with the choice of model used 
for calculating the ratio between the number of injury accidents and the number of 
serious conflicts (Figure 2: 1). The division made according to speed was based on the 
average speed at the intersection (low-speed, high-speed, or signalized intersections), 
rather than the specific speed of the road-users involved in the particular conflict. 
This means that two identical conflicts with respect to TA-value, type of road-users, 
and speeds could yield different probabilities of an accident (different conversion 
factors), dependent on what type of intersection they happen in. There is no reason 
why the probability wouldn't be the same. 

Another weakness was that the model did not give satisfactory results when estimating 
the accident risk for car-car situations (Cell 1 and Cell 2). Disregarding intersection 
type, the model presupposed that all types of car-car conflicts had the same probability 
of ending in an accident. This generalization proved to be too course for practical 
investigations, because the risk of an injury accident is much greater for head-on 
conflicts than rear-end ones. 

A new project was initiated because of these weaknesses and discrepancies. The 
intention was to find reasons for the differences in the conversion factors for cell 4, 
and to improve the model in order to get better estimates of the expected number of 
injury accidents. I was made responsible for this project, in which Dr. C. Hyden and 
Dr. P. Garder actively participated. In 1981 these results were presented in a report 
(Linderholm, L., 1981). This modified technique is used in the studies reported in this 
thesis. Here, the major components will be related, somewhat revised from that 
report. The description here is divided into four condensed sections: 

A. The difference in cell 4 between the Malmo and Stockholm data. 
B. Outline of a new model for conversions. 
C. Practical adaption to this new model. 
D. Computation of new conversion factors. 

In Section A, I try to find and explain the causes of the differences. In Section B, I 
attempt to find which factors theoretically ought to be included as major influences 
on the relationship between serious conflicts and accidents. In Section C, I adapt the 
theoretical model in B to a model of conversion, based on existing stipulations. 
Finally, in Section D, the new conversion factors are presented together with 
explanations of how they have been calculated. 
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A. Differences in cell 4 between the Malmo and Stockholm data. 
The presented difference means that there are more serious conflicts per injury 
accident in Stockholm than in Malmo. Three hypotheses were formulated which 
individually or jointly could explain this difference. 

Hypothesis 1: The percentage of a injury accidents reported to the police is 
lower in Stockholm than in Malmo. 

Hypothesis 2: The population of cyclists differs between the two cities. 

Hypothesis 3: The recorded conflicts in Malmo are in average more severe than 
those in Stockholm. 

There are good reasons to believe that the police force in Stockholm report a lower 
percentage of accidents than their colleagues in Malmo. The explanation for this 
would be that the Stockholm police force has a more massive work load to carry, in 
general. Such a difference would be hard to verify, but if this is the case, every cell's 
accident to conflict ratio should be lower in Stockholm than in Malmo. As can be 
seen in Table 2:2, this is not true. In cell 2, the Stockholm ratio is higher. 
Calibration to counter a potential difference in percentage of accidents being reported 
can therefore not be done, unless we assume that only unprotected road-user accidents 
are under-reported in Stockholm. In order to have hypothesis 1 explain the whole 
difference, we would need this under-reporting in Stockholm to be 25 to 30 percent 
greater than in Malmo. 

The notion behind hypothesis 2 is that younger unprotected road-users are less severely 
injured than older ones in otherwise identical accidents. An analysis of the accident 
reports in Malmo is shown in Table 2:3. (The Stockholm material was unfortunately 
inadequate with respect to age information.) The table shows such an expected 
difference in injury frequency. The difference in cell 4 could therefore be explained 
by this hypothesis, if more cyclists in Stockholm are young compared to Malmo. 

Table 2:3 Consequences for injured unprotected road-users in 65 intersections in 
Malmo according to age group. 

Age Number of Percentage of accidents with Total 
injuries and percentage 
fatalities slight severe fatality injured or 

injury injury killed 

< 30 55 80% 20% 0 27.5% 
30 - 60 65 71 % 29% 0 32.5% 

> 60 79 56% 30% 14% 40.0% 

Sum 199 67% 27% 6% 100% 
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Based on the table, it can be calculated that fatalities and severe injuries are about 1.45 
times (29%/20%) more frequent for the age group 30-60 than for people belonging to 
the younger group. For people over 60 years of age the frequency is 2.2 times higher 
(44%/20%). 

What then, does the bicycle population consist of in the two cities? In order to 
investigate this, five employees were trained to judge the age of a passing cyclist. At 
the end of the training phase a sixth person stopped the cyclists and asked about their 
age. The two most reliant observers had judged 70% of the 115 cyclists in the correct 
10 year group. About half of their misjudgments were in the 10 year group just above 
the correct one, and the remaining ones in the group just below. These two observers 
were chosen to carry out the study. Their ability was regarded as fully satisfactory 
for this purpose. 

An appraisal of the age of passing cyclists was then made for four intersections in 
Malmo and four in Stockholm. The intersections were chosen randomly among the 
ones where conflict studies had been carried out. This study was performed in 1980. 
The results are presented in Table 2:4, showing a striking difference between the two 
cities. 

Table 2:4 Estimated age-distribution of cyclists in Malmo and Stockholm 
respective! y. 

City Number Proportion of cyclists in the age 
of 
observa- <10 11-20 21-30 31-40 41-50 51-60 61-70 >70 
tions 

Mal- 4.200 0% 14% 18% 17% 15% 15% 15% 6% 
mo 

Stock- 1.900 0% 10% 60% 14% 9% 6% 1% 0% 
holm 

No less than 70% of the Stockholm cyclists were at the time of this study 30 years old 
or less, and only 1 % were more than 60. The counterpart figures for Malmo are 32 % 
and 21 % . Hypothesis 2 can therefore not be rejected. 

The question is then: How big an influence this difference in age distribution will have 
had on the conversion factors? In order to examine this we have to make certain 
assumptions. The first assumption is that the age of the cyclists involved in conflicts, 
which are not recorded, comply with the same distribution as the whole population of 
cyclists in each city, i.e. the distribution shown in Table 2: 4. Second! y, that the 
proportional distribution in severity of consequence for different age groups, as shown 
in Table 2:3 for the Malmo material, is accurate also for Stockholm. 

If we combine the information from Table 2:3 and Table 2:4 concerning Malmo, we 
find that 32 % of the cyclists are below 30 years of age, but that they contribute only 
to 27.5% of the injury accidents. 47% of them are 30 to 60 years old, though they 
account for only 32.5 % of the accidents. 21 % of the cyclists are above the age of 60. 
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They contribute to 40% of the accidents. This means there would have been 18% 
fewer injuries and fatalities in Malmo if the population of cyclists in Malmo had the 
same age distribution as in Stockholm. 

If we assume that the pedestrians have the same age distribution as the cyclists, we 
need to reduce the conversion factors for cell 3 and 4 in Table 2: 2 with 18 % for the 
two studies in Malmo. This would make them compatible to the conditions in 
Stockholm. This assumption is not entirely unrealistic, considering that the selection 
of intersections covers primarily the central parts of the cities. The proportion of 
elderly pedestrians is therefore probably higher in central Malmo than in central 
Stockholm, just as it is for cyclists. The most drastic situation would be that the 
differences in pedestrian populations equal that of cyclist populations. This would lead 
to conversion factors according to Table 2:5. 

Table 2:5 Conversion factors between the number of serious conflicts and police 
reported injury accidents based on the assumption that the age 
distribution of pedestrians and bicyclists in Malmo follows that of 
Stockholm. 

Malmo - 50 Malmo - 15 Stockholm 

Cell 3 12.6 X 10-5 13.1 X 10-5 12.8 X 10-5 

Cell 4 73.1 X 10-5 66.8 X 10-5 62.1 X 10-5 

The differences between the studies are more or less eliminated. But, if we assume 
that the differences in age distribution holds true only for cyclists, the reduction should 
be made only in proportion to the share of accidents that involve cyclists. This should 
be done separately for each cell. According to the original material, Malmo-Sf), 
(Hyden, 1976) the bicycle accidents comprise 36% of the accidents in cell 3 and 26% 
of those in cell 4. The corresponding figures for Malmo-IS are 39% in cell 3, and 
59% in cell 4. This means that the conversion factor for cell 3 should be reduced by 
approximately 7% for each of the two studies; while the reduction for cell 4 should 
be 5% for Malmo-Sf), and 11 % for Malmo-I'S. The conversion factors then obtained 
are shown in Table 2:6. 

Table 2:6 Conversion factors between the number of serious conflicts and police 
reported injury accidents based on the assumption that age distributions 
of cyclists in Malmo is the same as in Stockholm. 

Malmo - 50 Malmo - 15 Stockholm 

Cell 3 14.2 X 10-5 14.9 X 10-5 12.8 X 10-5 

Cell 4 84.7 X 10-5 72.5 X 10-5 62.1 X 10-5 

The age difference that exists between cyclists in Malmo and Stockholm has obviously 
influenced the ratio between the number of reported injury accidents and the number 
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of serious conflicts. The reason is that the risk of getting injured increases with age. 
This leads to a higher number of injuries in Malmo than Stockholm. A realistic 
assumption is that there is also an age difference in the pedestrian population. It is a 
deficiency that the age distribution of pedestrians was not appraised at the same time 
as that of the cyclists. The hypothesis that such an age difference existed and could 
influence the results was never considered. The difference in pedestrian distribution 
is probably not as pronounced as that for the cyclists, but should influence the ratio 
in a similar way. It is therefore most likely that the total difference in age 
distributions of unprotected road-users should give conversion factors somewhere in 
between those presented in Table 2:5 and Table 2:6. 

The third hypothesis, regarding the difference between the conversion factors, is that 
it is explained by differences in severity between the recorded conflicts. More serious 
conflicts would, on average, be recorded in Malmo than in Stockholm. This 
presupposes that the probability of an injury increases with the increasing severity of 
the conflict. This would imply that the similarities between conflicts and accidents 
increase with the increased severity of the conflicts. That road-users do perceive an 
increased risk of collision with the increasing severity of the conflict, has been 
established through interview studies of road-users involved in conflicts (Hyden, C., 
1981). 

During the recording of the conflict, the observers classified the severity of the 
conflicts into four groups according to TA-value and the velocity of the parties. See 
Table 2: 1. The proportion of conflicts in each group is presented in Table 2:7. 

Table 2:7 

Severity Car-Car Situations Car-Bicycle/Pedestrian 
(Tab 2:1) 

Malmo Stockholm Malmo Stockholm 

1 53% 61 % 62% 62% 
2 13% 28% 16% 30% 
3 28% 8% 19% 5% 
4 6% 3% 3% 3% 

Sum 100% 100% 100% 100% 

The distribution of conflicts with respect to severity. 

There is a high proportion of conflicts with severity level 2 in the Stockholm data, and 
of severity level 3 in the Malmo material. (There are no conspicuous differences for 
severity levels 1 and 4.) In other words, we have here another contributing 
explanation to the differences in the conversion factors, if the given severity level is 
a good measure of the risk of an injury. This is, however, most doubtful. As will 
be elaborated on later, there does not seem to be any greater difference between 
conflicts of severity 2 and 3, with respect to their probability of leading to an injury 
accident. Therefore, this difference would hardly contribute to the disparity between 
the conversion factors. 
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The conclusion of the analyses is that the disparity for cell 4 can be largely explained 
by differences in the age distributions of the unprotected road-users. However, one 
cannot eliminate altogether the possibility that a contributing factor could be that a 
lower percentage of the Stockholm accidents are reported by the police than those in 
Malmo. 

B. Outline of New Model of Conversion 
Our basic postulate is that traffic accidents are a fraction of all serious conflicts 
occurring in traffic, in the same way as we see injury accidents as a fraction of all 
accidents (Hyden, C., 1976). Based on this viewpoint, we can say that a serious 
conflict has a certain probability of leading to an accident, and that this accident also 
has a certai n probability of producing injury. There are many factors which contribute 
to whether a conflict will produce an accident or not. Other factors determine whether 
it will end with injury. A theoretical model, aiming at describing the relationship 
between a given conflict and personal injury accidents of the same type, should 
therefore be divided into two steps: 

1. Determine the probability with which a conflict will produce a collision. 

2. Determine the probability that this collision will produce personal injuries. 

Let us start with the latter step, and look at the primary factors which ought to 
determine whether a collision produces injuries. We can easily accept the following 
factors: 

a. road-user categories involved 
b. relative speed at the time of collision 
c. the crash resistance of the vehicle 
d. usage and quality of personal safety equipment 
e. the road-user's vulnerability to injury. 

The combination of road-user categories involved can be immensely varied. We have 
for example pedestrians, pedal cyclists, moped riders, motor cyclists, and occupants 
of passenger cars, buses, vans, trucks and street cars. These categories can often be 
subdivided, e.g. trucks into light and heavy ones. The risk that a collision will 
produce an injury is highly dependent on the combination of road-user categories 
involved. Unprotected road-users have a much greater risk than protected, and 
occupants of small, light vehicles greater risk than those in big, heavy vehicles. 

Another determining factor as to the end result of the accident is the individual's 
change in motion energy at the time of collision. The greater relative speed and the 
greater masses, the greater risk of injuries. A change in collision angle between two 
vehicles also gives a modified relative speed. This angle is of less importance when 
a pedestrian or cyclist is hit. Here, the speed of the motor vehicle is of crucial 
importance. 
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Of great importance is also the way the vehicle absorbs the energy--its crash 
resistance. Motion energy is transformed into deformations. The more energy used 
up for this, the better for its occupants. Seat belts, head rests and helmets are 
examples of personal safety equipment that are normally beneficial in reducing the 
injuries from an accident. Unconfined objects inside a vehicle can naturally also 
influence the consequences of a collision. Finally, we can not disregard the fact that 
we have different vulnerabilities to injuries. The strength of our skeleton and 
flexibility of our bodies decrease with age. We know that older people often are 
injured by impact that does not harm younger people. The results presented in Table 
2:3 support this. 

The factors described above (a toe) are conceivably the most important to account for 
when calculating the probability with which a specific type of accident causes injuries. 
There might, of course, be other factors of importance, but those mentioned should 
suffice for this type of conversion model. 

The probability that a conflict situation of a given type will lead to a collision, step 1 
above, probably depends mostly on: 

f. the possibility of taking evasive action 
g. the degree to which the possibility of taking evasive actions is used 

Possible evasive actions available include deceleration, swerving, and acceleration as 
well as a combination of swerving and deceleration or acceleration. What influences 
the possibility of avoiding an accident, when having entered into a serious conflict and 
starting to take an evasive action, depends on a variety of factors. Not one situation 
is identical to another. In spite of this, it is important to have a good idea of what 
extreme limitations there are on each maneuver, in order to be able to assess the 
possibility of avoiding collision in a specific situation, according to f. above. 

The vastly dominating type of evasive maneuver is deceleration. There are two 
important factors determining whether it has the possibility of being a successful 
evasive action or not. These are--the respective speeds of the two parties at the onset 
of the conflict, and the distance to the point of collision. These two variables together 
form the earlier defined TA-value (Time to Accident). Furthermore, external factors 
influencing the process of deceleration are, of course, also of importance. The friction 
is decisive with respect to the vehicle's deceleration abilities. The friction in turn 
depends on the actual speed of the vehicle. The relationship between the speed and 
the potential to avoid a crash through deceleration is best illustrated by an example: 

Assume that a vehicle is closing in on a fixed object. There is no possibility of 
swerving around the object. Therefore, a collision can be avoided only by stopping. 
The braking distance required for stopping the vehicle just in front of the object is: 
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g . f. 42 

Sb = Vo • ti, - (1) 
2 

where Sb= braking distance 
v O = the speed just before braking 
ti,= braking time 
g = gravity (9. 82 m/ s2) 
f = coefficient of friction 

The final speed is zero. This means that tb = vc/gf. The absolute final moment to 
start braking in order to avoid the crash (T AnuJ is equal to the time it takes to drive 
the braking distance with constant speed (v0). The relationship between the speed and 
the minimum remaining time (TA.nm) can, for any given road condition ( coefficient of 
friction), be calculated with the formula: 

Sb 

TAmin= -- = 
V0 2g 'f 

(2) 

where v0= the speed just before braking 
g = gravity (9.82 m/s2) 
f = coefficient of friction 

The maximum deceleration is dependent on the available friction between the tire and 
the road surface. The friction is dependent on type and shape of the pavement, quality 
of the tires, their air pressure, weather conditions, et cetera, as well as the velocity. 
If we assume that the braking is done with locked wheels on wet asphalt, with normal 
tires, normal air pressure, et cetera, the friction coefficient can be estimated with the 
following formula (Vagverket, 1984): 

f = 0.92 'e- Q.006J V (3) 

where v = the mean speed (in km/h) during the braking ( = 2/3 v 0) 

The relationship between the velocity and the minimum required time margin (T ~in) 
is presented in Figure 2:2 for braking with locked wheels on wet asphalt. The solid 
line describes the function. 
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Figure 2:2 Relationship between vehicle speed and minimum time for avoiding a 
collision with a fixed object by braking on a wet asphalt surface (solid 
line). 

If braking is started too late, the collision is unavoidable. (Left hand side of the solid 
line in Figure 2:2.) The impact speed of the vehicle can be obtained by following the 
dotted lines to the vertical axis. This value assumes a continuous maximum 
deceleration. 

The bicycle values follow, in principle, the same function as shown in Figure 2:2 
(Ljungberg et al, 1987). The deceleration of pedestrians is somewhat different. 
Normal walking speed is 1.4 meters per second, and stopping can be done with 
practically no 'stopping-distance'. However, this is not true for a running person. 
His stopping distance depends on the friction between the ground and his shoes in a 
similar way as that described in Figure 2:2. 

The prospect of being able to swerve around the object, as well as speed, distance, 
and friction are decisive factors for the driver who finds himself in a serious 
predicament. The possibility of a successful movement sideways around the object is 
also decisive. Furthermore, individual differences in vehicle performance, quality of 
tires etc. are of consequence, but have to be overlooked in this general description. 

The maximum deviation sideways when swerving is reached when the centrifugal force 
(P) is the same as the friction force (F), see Figure 2:3, where 
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m · v2 
p =--- 

r 
och F = m · g · f 

v2 
which gives the minimum radius as : r = -- 

g ·f 
(4) 

where r = the radius 
v = the speed 
m = the vehicle mass 
g = the force of gravity (9.82 m/s2) 
f = the coefficient of friction 

The last point for starting to swerve in order to avoid a collision is located S meters 
before the point of collision. The Pythagorean theorem gives that S2 = (r+x)2 - r2, 
or 

S = v'2rx + x2' (5) 

s 

--,------- --- 
1 --► 
I ___ ... -- m 

' ' '· 

Figure 2:3 Illustration of approximate calculation of minimum distance to an object 
when swerving has to be started in order to avoid a collision. 
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Giving an example is the easiest way to illustrate the relationship between speed and 
the minimum remaining time (T Auun) when swerving has to be started in order to avoid 
a collision. We presuppose a passenger car with certain given handling abilities, and 
a given status of friction between tire and road surface, e.g. wet asphalt (with friction 
according to formula 3). We additionally assume that the swerving must be of at least 
2 meters sideways (:::::: distance x in Figure 2:3) in order to avoid the collision. When 
one gets too close to the object, it is in practice impossible to swerve around it, even 
if the speed is low. The relationship between velocity and minimum TA-value is, for 
this specific case, illustrated in Figure 2:4 (TAmuJ• 
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Figure 2:4 The relationship between speed and rmrumum time for avoiding a 
collision through swerving around a 2 meter wide object on wet 
asphalt. 

To accelerate out of a conflict situation is the third 'pure' type of evasive action 
available. Our experience from a series of studies, show that this action is rather rare 
in comparison to the other two--deceleration and swerving. Acceleration is used in 
only about 2 % of reported accidents and conflicts, according to performed analyses 
(Hyden, C., 1987). Acceleration is basically used in two types of circumstances, i.e. 
when one vehicle pulls out in front of another and they both continue in the same 
direction, and when a pedestrian or bicyclist speeds up when crossing a street in front 
of a vehicle. Each situation demands a specific minimum acceleration, or change of 
mean speed over a given distance, to avoid a collision. This is illustrated in the 
following example: 
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TO = 1,5 sec 

A pedestrian has chosen to intersect the path of the vehicle. The speed of the 
pedestrian is 1.4 mis, and that of the vehicle 50 km/h (14 mis). A collision will 
happen in exactly 1.5 seconds, if no one reacts (the TA-value). We assume that the 
collision will take place in the middle of the collision zone (which is about two meters 
wide). This means that the pedestrian can avoid the collision if he increases his 
average speed, so that he traverses another meter plus maybe a tenth of a meter as a 
safety margin during these 1.5 seconds. That means that he has to move a distance 
of (1.4 x 1.5) + 1. 1 = 3.2 meters, giving a mean speed of 2.1 mis. The minimum 
required mean speed for this situation varies with the TA-value according to Figure 
2:5. 
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Figure 2:5 Relationship between required mean speed of pedestrian and TA-value 
for avoiding the type of collision described in the text. 

The graph makes it obvious that according to this example it is impossible for the 
pedestrian to avoid a collision through acceleration (increasing mean speed) when the 
TA-value is less than 0. 7 seconds. The pedestrian then has to choose an alternative 
strategy for avoiding the accident, e.g. stopping. 
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Besides these 'pure' evasive maneuvers, combinations of them can prevent an accident. 
The most common combination is that of braking and swerving. According to Hyden's 
study (Hyden, C., 1987), this combination is used in 15 to 20% of all conflict and 
accident situations. If a situation has become so serious that it, for example, cannot 
be avoided through braking alone, it may still be avoided through swerving. I will 
illustrate this with an example. 

A vehicle is driven at 90 km/h (25 m/s) when another vehicle suddenly pulls out in 
front of it and obstructs the lane 75 meters down the road. The reaction time of the 
driver is 1.5 seconds. This means that he can start his evasive action when there is 
a remaining TA-value of 1.5 seconds. We assume the minimum time required for 
coming to a complete stop, complies with the curve in Figure 2:2, and that the 
maximum swerving is shown by the curve in Figure 2:4. These graphs combined are 
shown in Figure 2:6. It is obvious that the accident cannot be avoided by braking 
alone (point 1). He is inside (left of) the limitation for braking. A TA-value of over 
2 seconds would have been required in order to avoid a collision through braking 
alone at this speed. 
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Figure 2:6 Hypothetical relationship between TA-value and speed when combining 
evasive braking and swerving. 

The possibility to swerve still remains. This action must be taken before the TA-value 
gets down to 0.9 seconds, unless braking is commenced earlier. At this value the 
marginal value for swerving is reached (Point 2). This, of course, assumes that there 
is enough room for this maneuver to be taken in. Even if there is not enough space 
at the outset of the conflict, this space may be created by the changing positions of the 
road-users. 
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The chances of avoiding a collision are increased by combining braking and swerving. 
If braking is started at a TA-value of 1.5 seconds (Point 1), the speed just before 
colliding would be around 25 km/h (follow the dotted line parallel to the border line 
until reaching the vertical axis). The possibility of avoiding the collision through 
swerving will then remain until the speed is around 65 km/h. During this time the 
circumstances may change so that swerving is possible. If not, the collision is 
unavoidable. 

Even though it may be possible to calculate a theoretical border value (minimum time 
needed) for each condition, and possible maneuver (or combination of maneuvers), it 
is not certain that all drivers will take advantage of all possibilities. Human factors 
such as routine, ability to make quick decisions, and skill can be of influence. This 
means that a number of accidents occur which theoretically could have been avoided. 
These happen because of individual characteristics among the roud-users. The further 
from the marginal value, the lesser the chance that there are road-users unable to 
control the situation. To account for these individual differences in a general model, 
representing issue g. above, should be possible. But today, there is no knowledge of 
the way in which this should be done. 

The four examples described above of different evasive actions, and combinations of 
them, show that every single case presents special conditions for avoiding an accident. 
Most important are speed, friction, and remaining time to the point of collision. A 
varying minimum time (TA-value) seems to be required if one wants to include all 
potential situations in the definition of a serious conflict. The initial fixed time margin 
of 1.5 seconds ought therefore be abandoned. This understanding has led to various 
research, where differing modifications of the definition have been tested. This 
development is summarized in Section 2.2.3. 

C. Adaption to a New Conversion Model 
My ambition has been to develop a new conversion model between police reported 
injury accidents and serious conflicts, and to base this modification on the information 
available in the original data set, i.e. the data that was used for developing the first 
conversion model (Hyden, C., 1976). Imperfections produced by this original model 
are to be considered, and as far as possible the views that have been presented in B. 
above. 

As a consequence of the outlined theoretical model, almost every single situation 
should have its own conversion factor (the probability that the situation leads to 
injury), and thereby the model would have a very great number of such factors. This 
is far from an operative model. The consolidation of similar situations is necessary, 
just as in the original model (Figure 2: 1). 

Naturally, it is impossible to consider all factors which may theoretically influence the 
likelihood of a situation leading to a collision, and the likelihood of the collision 
leading to an injury. This is partly due to the lack of knowledge regarding a number 
of possible factors, and partly due to some of them being unique to a certain situation. 
Furthermore, there is a limited amount of information in the available data. Certain 
factors therefore need to be omitted, and others modified. 
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The factors that in some way can be accounted for with respect to the outlined model 
in B. are: 

a. road-user categories involved 
b. the relative speed at the moment of collision 
f. the possibility of taking evasive action 

The division into road-user categories intends to illustrate differences in injury 
probabilities for otherwise identical situations (with the same TA-value, and the same 
relative speed). Any further divergences from what has been done earlier--car-car and 
car-unprotected road-user, do not seem worthwhile due to the limitations in the data 
material. In 'car', besides passenger cars, we include trucks, vans, and busses; and 
in "unprotected road-user" we include pedestrians and pedal cyclists. All other groups 
are excluded from the model. This means, for example, motor cyclists, moped riders, 
and farm vehicles. This has been done due to their small numbers in our data set, and 
that these categories' injury situations differ drastically from the other groups. 

As pointed out earlier, the relative speed is of great importance when two motor 
vehicles collide. At given absolute speeds, the relative speed varies with the angle of 
collision. If the angle is 180 degrees (head-on collision), the relative speed is high; 
at a rear-end collision it is much lower. The rear-end collision, therefore, has a lesser 
probability of causing injuries. When a car hits an unprotected road-user, this angle 
is unimportan t. Then, the speed of the car is what matters. 

Due to the limited size of the total data set, and that certain situations are uncommon, 
like head-on ones, I have at this stage, for theoretical and practical purposes, restricted 
the number of "collision-angle-groups" to two. These apply only to car-car situations, 
and are: 

1. Rear-end and parallel situations, where the angle between the two vehicles' 
paths clearly is below 90 degrees, i.e. they have a pointed angle of collision. 
These situations will hence forth be called C-C // (parallel). 

11. Oncoming situations and situations where the angle between the vehicle paths 
is greater than, or approximately 90 degrees. These situations will hence forth 
be called C-C .l (perpendicular). 

The third factor that has been possible to consider, at least partly, is "the possibility 
of taking evasive action". It was earlier clarified that the TA-value and speed for each 
situation is what basically determines the possibility of a successful evasion. 
Decreasing TA-value and increasing speed increase the severity of a situation, and 
decrease the possibility of avoiding an accident. It is therefore natural to assume that 
the more serious a conflict is, the more similarities there are between the process of 
the conflict and that of actual accidents of similar type. The conflicts should therefore 
be classified according to their severity. 
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The original conversion model did not take into account the severity of the recorded 
(serious) conflicts. However, they were graded at the time of the recording. This was 
done in four groups with respect to the speed of the road-users and the TA-value of 
the conflict, according to Table 2: 1. 

If we illustrate these severity classes in a diagram of TA-value vs. speed, together with 
the border value showing the minimum time required for avoiding an accident 
according to Figure 2:2, we find that a natural arrangement would be to group severity 
2 and 3 together, and let 1 represent the least severe and 4 the most severe class of 
conflicts, see Figure 2:7. 
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Figure 2:7 Relationship between the severity of a conflict, its TA-value, and the 
speed. 

If the severity level of the conflict reflects what we think it does, more conflicts of 
class 1 should be recorded than of class 2 and 3; and more of class 2 and 3 than of 4. 
This is the case, as well, as can be seen in Table 2:8. 

Table 2:8 The number of conflicts recorded at 115 intersections in Malmo and 
Stockholm, divided into the four classes of severity according to Table 
2: 1. 

Typ of conflict Number Percentage of conflicts in severity class 
of 
Conflicts 1 2 3 4 1-4 

Car-Car 979 56% 19% 20% 5% 100% 

Car-Unprotected 612 63% 19% 15% 3% 100% 
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At this stage, it seems sound to combine the conflicts of class 4 with those of class 2 
and 3, since the number of conflicts in severity class 4 is very small. We can then 
account for the earlier described factor f., "the possibility of taking evasive action", by 
splitting the conflicts into two severity classes: 

Severity class 1: Conflicts where the speed is below 35 km/h and 1.0 ~ TA ~ 1.5 
seconds. 

Severity class 2: All other conflicts with TA ~ 1.5 seconds. 

The possible adaption to the theoretical model outlined earlier, with respect to the 
available data, gives the following chart of relationships (Table 2:9). 

Table 2:9 New chart of relationship between the number of policereported injury 
accidents and the number of serious conflicts. 

~ 
Car - Car// Car - Car .L Car-Pedestrian 

Car-Cyklist t 

Severit)'. class 1 
Speed < 35 km/h 
1.0 ~ TA ~ 1.5 sec 

Severit)'. class 2 
Other conflicts 
where TA ~ 1.5 sec 

D. Calculation of New Conversion Values. 
Different methods of calculation can be used when determining the relationships 
between accidents and conflicts. The one chosen here differs from the one used in the 
original model. Then all data in each cell was combined. The number of conflicts and 
accidents were weighted according to the traffic volumes for each observation period. 
Corrections were also made for changes in traffic volumes between the accident period 
and that at the time of the conflict recording. I refer to the report "A Traffic Conflict 
Technique for Determining Risk" (Hyden, C., 1976) for more detailed information. 

The primary data consists of information from 115 intersections. Conflict studies were 
carried out for about 8 hours at each intersection. These were distributed over the day 
in four observation periods. Traffic volumes were recorded simultaneously with 
conflict observations. A different observer counted the number of cars, cyclists, and 
pedestrians passing through the intersection. The number of injury accidents from 
weekdays of the last eight years were also available. These were separated over the 
four observation periods of the day. Relevant accident data was not available for the 
full eight years for some of the intersections. This was due to altered conditions 
during these years, e.g. the intersection had been rebuilt. 
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In other words, the following information was available for each of the (4 x 115) 
observation periods: 

- duration of conflict recordings 
- length of accident data period 
- number and severity of recorded conflicts of different types 
- number of reported injury accidents of different types 
- traffic volumes per unit of time 

The chosen method of calculation for determining the relationships consists of two 
steps. In the first step, a weighted addition is made of the four observation periods 
for each intersection. The weighting is done so that the duration of the conflict studies 
for each period represents as much of the total conflict observation time as the share 
of the total accident data period falling in that observation period. This is done 
separately for each intersection, which means that the number of conflicts in a period 
may have been lowered or raised somewhat in comparison to the number observed. 
This adjustment makes the addition more reasonable. 

It was now possible to establish an equation of conversion for each intersection and 
each type of accident. (According to our model we have three accident types, see 
Table 2:9). This equation reads: 

= ----------·Z (6) 

where 
o. = the number of injury accidents of type a. 
T0 = length of accident data period 
T, = duration of conflict studies 
K.1 = the number of conflicts of type a. and severity class 1 
K82 = the number of conflicts of type a. and severity class 2 
s.1 = the degree of connection (relationship) between a conflict of type a. 

with severity class 1 and police reported injury accidents of type a. 
S82 = the degree of connection (relationship) between a conflict of type a. 

with severity class 2 and police reported injury accidents of type a. 
Z = correction factor 

The factor Z is introduced in order to match the conditions of the accident period with 
that of the time of the conflict observations. In the earlier model, such a correction 
was performed with respect to the difference in traffic volumes between the time 
periods. I have instead chosen to make adjustments with respect to how the accident 
numbers change with time. Both trends over the years and variations within the year 
are considered. The advantage with this type of adjustment is that it also includes 
changes in, for example, behavior or regulations (such as introducing safety belt 
legislation). 

38 



The correction factor Z has been calculated as the product of two factors (Z1 x Zi), 
where 

average number of accidents for the last two years 

average number of accidents for the whole accident data period 

average number of accidents for the month when the conflict studies were carried out 

average number of accidents for all months of the year 

Z-values obtained for Malmo and Stockholm respectively, are shown in Table 2: 10. 

Table 2: 10 Values of the correction factor Z when calculating relationships between 
the number of injury accidents reported to the police and the number 
of serious conflicts. 

Situation Malmo Stockholm 

Car - Car 0.63 1.13 

Car - Cyclist 0.77 0.67 

Car - Pedestrian 1.29 0.61 

The "correlation values" S1 and S2 are estimated for each conflict and accident type 
by finding the best solution to an over-defined set of equations. The number of 
equations of type 6 above is 115 for car-car // and 115 for car-car .l , while there are 
230 equations for the aggregate car-pedestrian and car-cyclist. 

The different sets of equations are solved through matrix calculation. The answer 
becomes a type of least square solution, which means that for all included equations 
the best values of S1 and S2 are obtained in average. The result of these calculations 
are shown in table 2: 11, i.e. the ratio between the number of injury accidents and the 
number of serious conflicts per unit of time. When dividing the material into smaller 
groups, different signs were obtained before the S1 values of the car-car //-situations. 
Thereby it was assumed that there was no connection, or a very weak connection, 
between conflicts of this severity class and injury accidents. Because of this, the S1 

value was given the value 0 when S2 was calculated for car-car // situations. 
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Table 2: 11 Average ratios between the number of police reported injury accidents 
and the number of serious conflicts of given severity class. 

~ 
Car - Car II Car - Car l. Car-Pedestrian 

Car-Cyklist t 

Severit)'. class 1 
Speed < 35 km/h 0 2.4 X 10-5 9.6 X 10-5 
1. 0 ~ TA ~ 1. 5 sec 

Severit)'. class 2 
Other conflicts 2.8 X lQ-5 11.9 X 10-5 33.9 X 10-5 
where TA ~ 1.5 sec 

I considered it of less interest to calculate confidence intervals for the ratios as was 
done in the original model (Hyden, C., 1976), because the new model is based on 
equation systems. The confidence intervals would therefore not give a true picture of 
the accuracy of the estimates. Instead, I chose after statistical consultation to illustrate 
the model's ability to estimate by comparing the number of recorded injury accidents 
for each intersection, with the estimated value that was based on the number of 
recorded conflicts, and the conversion ratios given above. 

The test has been done in the following way: the number of injury accidents at an 
intersection is assumed to follow the Poisson distribution, i.e. they can be assumed 
to happen randomly over time and independently of each other. If, for example, seven 
injury accidents from a given time have been recorded during a certain time period, 
the average 'true' number of this accident type should, for an identical period of time 
and identical circumstances, with 90% probability be between 4 and 12 accidents. The 
same is true for the number of recorded conflicts, i.e. the number of serious conflicts 
during a given time period follows the Poisson distribution. Based on the recorded 
number, it is then possible to calculate with 90% probability a confidence interval 
containing the 'true' number of conflicts. 

The number of injury accidents was then estimated for each accident type, based on 
the two 'periphery-values' of the 90% confidence interval, within which the 'true' 
number of conflicts lies. In this way, an estimated accident interval is formed for each 
observation period. The expected accident numbers should be within this interval if 
we assume that the conversion ratios are correct. Considering that the number of 
recorded accidents during an observation period also follows the Poisson distribution, 
the 'true' number of accidents also falls with 90% probability within such a 
confidence interval. I consider the estimate of the number of injury accidents as 
satisfactory if these two intervals at all overlap. I will now illustrate this with an 
example. 

During the last eight years 7 injury accidents have been recorded at an intersection 
between 3 PM and 6 PM. Because of the randomness in the accident mechanism, the 
'true' accident number is with 90% probability between 4 and 12 (according to the 
Poisson distribution). 12 serious conflicts of similar type were recorded over the same 
observation periods of the day. This means that the 'true' number of conflicts was 
between 7. 7 and 19.2. Of the twelve conflicts, 6 were of severity class 1 and the rest 
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of class 2. With half the conflicts in class 1 and half in class 2, we can now, with the 
help of the ratios in Table 2: 11, calculate the estimated interval of injury accidents. 
In our example, this interval stretches from 2.3 to 6.2 injury accidents (average value 
3.8) for the eight year period. This estimated interval overlaps the one of the 'true' 
accident number. 

4 7 12 

Interval for the 'true' number of injury accidents. 

2.3 3.8 6.2 

The interval for the estimated number of injury accidents. 

The probability that the intervals do not overlap, in spite of them coming from the 
same true accident frequency, is 2 x (0.05 x (0.05+0.90))=0.095. In other words, 
this will happen in 9.5% of the cases. The result of a comparison between the 
frequency interval of the 'true' and of the estimated number of accidents is shown in 
Table 2: 12 for each observation period and each accident type. 

Table 2: 12 Percentage of all observation periods, where the 90% frequency 
intervals of the estimated and observed number of injury accidents do 
not overlap. 

Conflict type Malmo 50 Malmo 15 Stockholm 50 Total 
Accident typ intersections intersections intersections 

Car-Car// 3% 5% 5% 4% 

Car-Car l. 7% 13% 6% 8% 

Car-Cyklist 4% 0% 0% 2% 

Car-Pedestrian 5% 0% 2% 3% 

I Sum I 5% I 5% I 3% I 4% I 
Table 2: 12 shows that only in one case is the limit 9.5 % transgressed. This must be 
considered satisfactory. In total, for all observation periods and for all accident types 
(4 x 115 x 4 = 1840 observations), the two intervals do not overlap in only 4% of the 
cases. The conversion factors, shown in Table 2: 11, may therefore be considered 
operative. They can be used for getting adequate estimates of the expected injury 
accident frequencies based on registered serious conflicts. 
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2.2.3 Subsequent Development 
Realizing the development the Swedish Conflict Technique is an on-going process. I 
will therefore summarize what has happened on the theoretical level, since my study 
was published in 1981. 

We, at the department, were commissioned by the Swedish National Road 
Administration to use the conflict technique for analyzing safety in rural areas. In 
accordance with the conclusions in my study, Section 2.2.2, we found it necessary to 
use a modified definition of a serious conflict. The reason for this is the greater 
variability in speeds in this milieu. The introductory analysis also showed that a more 
realistic TA-value is one that varies with the actual speed. 

The results of these studies were reported by Per Garder in 1982 in the report 
"Konfliktstudier i landsvagskorsningar" (Conflict Studies at Rural Intersections). The 
new definition given to a serious conflict was: 

A serious conflict takes place when two road-users are involved in a conflict 
and a collision would have happened within the sum of 0. 5 seconds and the 
braking time for heavy braking on slightly damp pavement. The time 
calculation assumes constant speeds and directions, and starts at the moment 
one of the parties starts taking evasive action. 

Garder has, when calculating necessary braking time, assumed a somewhat higher 
friction than I have used (in Formula 3). The half of a second is to be seen as a safety 
margin. What counts as a serious conflict is illustrated in Figure 2:8. 

Conflict speed (km/h) 
140~------------------------, 

Serious 
conflict 1QQ1--------'--~~-=--'------'----------,,,,C-------'------j 

401------------,,~-------,r·~'--------------1 

201-------,L-----~""".'------------------1 

OL.__L.._ -'-"----'----'----------'-----'----'- -----' 

O 1 2 3 4 5 6 

TA-value (sec) 

Figure 2:8 Boundary between serious and non-serious conflicts, and its variance 
with speed and TA-value (Garder, P.,1982). 
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The new definition meant that the emphasis on training of observers was shifted to 
estimating speed and distance at the anticipated point of collision. Speed is estimated 
at the onset of the evasive action. The TA-value can then be calculated afterwards, 
based on these estimates of speed and distance. Figure 2:8 can thereafter be used for 
assessing whether the conflict is serious or not. A special training manual (Statens 
Vagverk, 1983: 1) was devised. This describes how to record, plan, and conduct a 
conflict study. To master the technique, and make 'reliable' observations, requires 
approximately as long a training as the original one, i.e. one week. 

The remaining problem was now how to produce operative conversion factors between 
serious conflicts and injury accidents (with the new definition of a serious conflict). 
Hyden showed in his Ph.D.-thesis (Hyden, C., 1987) one path to follow, that of 
"process validity". With the help of police reports and protocols based on eye witness 
reports, he reconstructed accident processes as adequately as possible. He compared 
these processes with those recorded for serious conflicts of similar type. Figure 2:9 
shows comparisons between injury accidents (on the left) and conflicts with respect to 
TA-value and speed for car-cyclist situations. (The TA-value is on the horizontal axis, 
and the speed just before the evasive action is taken on the vertical one.) 
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Figure 2:9 The TA-value as a function of conflicting speed for injury accidents 
(left) and conflicts (right) between cars and cyclists (Hyden, C., 1987). 
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Figure 2:9 demonstrates that accidents and conflicts have rather similar distributions. 
Accidents do, however, have somewhat lower TA-values and higher speeds than 
conflicts. Hyden tested five different definitions of a serious conflict, and found that 
the one based on "braking time" (suggested by Garder, P., 1982), best met the set 
criteria. Among other things, these criteria were based on "severity zones" for 
accidents and conflicts. Hyden also recommends that the definition proposed by 
Garder be used hence forth, but with the modification that the safety margin is 
increased from 0.5 to 1.0 seconds. Figure 2: 10 shows the design of different severity 
zones (la to 8b) for the chosen definition. 

Conflicting 
Speed 
(km/h) 

70 

60 

50 

40 

TA= Time neces 
sary for braking 

30 

20 

10 

Severity 
zone 

Uniform severity 
level (parallel 
to TA= time neces 
sary for braking 

0.5 l.O l.5 TA 
1sec) 

Figure 2: 10 Hyden's proposal for classifying conflicts in different severity zones 
(Hyden, C., 1987). 

Available data (202 accidents and 929 conflicts) was then used by Hyden in a first 
attempt to calculate new conversion factors. This was done by dividing the number 
of injury accidents by the number of serious conflicts per unit of time for each zone. 
A value could not be calculated for zones 2 and lower since no accidents had been 
recorded in these zones. The same was true for zone 3a with respect to car-car 
situations. These values should probably be very close to 0. Values could not be 
calculated for the most severe zones either. Here, no conflicts had been recorded. 
These values should be close to 1.0. The new, and very preliminary, conversion 
factors are shown in Table 2: 13. 
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Table 2: 13 The number of police reported injury accidents per conflict of given 
severity (Hyden, C., 1987). 

The severity Involved parties 
zone of the 
conflict car - car car - cyclist car - pedestrian 

:S 2b = 0.0 = 0.0 = 0.0 
3a = 0.0 0.00006 0.00004 
3b 0.00002 0.00008 0.00002 
4a 0.00004 0.00027 0.00026 
4b 0.00008 0.00107 0.00084 
Sa 0.00061 0.00608 0.00179 
Sb 0.00168 - 1.0 0.00879 
6a 0.00134 - 1.0 - 1.0 
> 6b = 1.0 = 1.0 = 1.0 

The Table shows that the figures increase with increasing severity. This means that 
the probability of a conflict causing an injury accident increases, which supports my 
earlier theory, described in Section 2.2.2. 

The fact that the ratio drops from zone Sb to 6a for car-car situations, and from zone 
3a to 3b for car-pedestrian ones, is probably due to the small data set. The car-car 
ratios are based on a total of 83 accidents and 490 conflicts; the car-cyclist ratios on 
63_ accidents and 223 conflicts; and the car-pedestrian ones on 56 accidents and 216 
conflicts. 

Hyden did not find a single accident out of the 200 in severity zone 2. Therefore, it 
ought to be questioned whether Hyden's proposed expansion of Garder's definition 
was wise. Hyderi's reason for the expansion was that conflicts of zone 2 are also 
sometimes perceived as serious by the road-users involved, and that a larger data set 
probably would have included accidents of this severity zone. 

In another project, carried out at the department, Ase Svensson analyzed conflict and 
accident data from 115 other intersections in Malmo and Lund. Some of these results, 
still not published (but presented in an internal report), show comparisons between 
different definitions of a serious conflict. The comparisons are based on a validation 
methodology developed by Hauer and Garder (Hauer, E. & Garder, P., 1986). This 
presupposes that every single intersection has a unique conversion factor (relationship) 
between the number of conflicts and accidents. A mean conversion value can be 
calculated, if a number of similar intersections are grouped together, and also a 
variance can be obtained. The variance is preferably calculated with the Maximum 
Likelihood method. The smaller the variance, the smaller the heterogeneity between 
the conversion factors of the intersections accumulated. 

It is quite obvious that the accumulated conversion factor (relationship) differs from 
intersection to intersection, if someone like myself considers that every single conflict 
has a unique conversion factor (i.e. probability to cause an injury accident). That a 
specific intersection then, seen as an entity, gets a different conversion factor than 
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another, is caused by the fact that the factor is aggregated from conflicts of different 
severeness. If the mix of conflicts, with respect to severity, were identical for two 
intersections, the conversion factors would also be identical. In other words, I accept 
this type of test, if we assume the latter to be true. 

According to Svensson' s analysis, the definitions of serious conflicts to have the 
smallest variance for the accumulated conversion factors, were those that included the 
greatest number of conflicts. One of these is based on a subjective assessment of the 
conflict's probability of producing an injury accident. The other is the definition that 
was suggested by Hyden, i.e. necessary braking time plus 1.0 second. The definitions 
tested all had rather small variances for the accumulated values. Table 2: 14 shows 
results obtained with the original definition of a serious conflict, i.e. TA-value equal 
to or below 1.5 seconds. 

Table 2: 14 Ratio between the number of police reported injury accidents and the 
number of serious conflicts (according to the original definition, TA 
:5 1.5 seconds) for 115 intersections. The mean and the variance x 10-5 
(Svensson, A). 

Typ of conflict 

Car-Car II Car-Car .l Car-Cyclist Car- Car- 
Pedestrian Unprotected 

Mean value 4.2 17.9 17.6 16.1 17.0 

Variance 0.0005 0.0401 0.0045 0.0018 0.0024 

ATTN! All values are to be multiplied by 10·5• 

If the agreement were good, these ratios (from Table 2: 14 above) should be in 
between the two values of the different severity levels of conflicts that I presented 
earlier, based on my own analysis (Table 2: 11). We can notice that this is not the 
case for car-car conflicts. The reason is hard to find. One explanation could be the 
different ways of determining the ratios. Another, may be the new method of 
recording conflicts. Now the TA-value is calculated after estimating speed and 
distance. Earlier the TA-value was estimated directly. On the other hand, the 
agreement for unprotected road-users is good. That is satisfying, since these ratios are 
to be used in the applied studies, presented later in this report. 

An interesting finding from Svensson 's analysis, is that three days of conflict studies 
normally give a better estimate of the future accident frequency of an intersection than 
three years of historical accident data. 
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2.2.4 Practical Applications 
The conflict technique can be used in two ways for practical traffic safety work. The 
first is by estimating accident frequency at a site, while considering the circumstances 
which characterize the period of observation. The second is by using the descriptions 
of development of the conflicts, as written down by the observer, for generating 
hypotheses about accident causes. 

Trained observers record conflicts. As earlier mentioned, the necessary duration of 
training is about one week. Thereafter the observer normally records a conflict with 
high precision (Hyden, C., 1976, 1987). Usually, the whole intersection is monitored 
by only one observer. The observation area is usually limited to an area covering a 
couple of meters outside the cross-walks of each arm. (If there aren't any cross 
walks, the typical location is imagined.) Two observers are required if the intersection 
is very large. These are usually positioned across from each other, preferably catty 
comer. Smaller intersections may also require two observers when the traffic volumes 
are high. 

I have pointed out earlier that the definition of a serious conflict, as well as the 
recording technique, has changed somewhat over the years. The following data is 
recorded for each conflict, when the original definition is employed: 

- location (detailed position at the site) 
- road-user categories involved 
- time of day, and weekday 
- TA-value 
- speeds just prior to the evasive action 
- type of evasive action 
- description of development 

If the conflicts are instead recorded according to the definition advocated by Garder, 
and in later years by Hyden (1987), the difference would be only that the distance to 
the point of collision (measured from the point where the evasive action is taken) 
would be recorded, instead of the TA-value. This recording technique is normally 
used nowadays. 

The predicted yearly accident frequency for an intersection can be computed as the 
sum of the product of the recorded number of conflicts and the conversion factor for 
each accident type. This sum is an estimate of the frequency of injury accidents for 
the time period during which the conflict studies were carried out. The yearly 
accident frequency is then obtained by multiplying this sum by a factor adjusting for 
the time period. 

The more recorded conflicts in the data set, the more reliable a prediction. Different 
types of periods should be included in order to cover different circumstances. This 
means, for example, that it is impossible to predict night accident frequencies based 
on day-time conflict studies. I will use an example to illustrate how the prediction is 
done with the model I utilize: 
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Conflict studies are carri ed out at an intersection. The original definition is 
used, i.e. serious conflicts have TA-values :5; 1.5 seconds. The studies are 
distributed over 4 time periods per day. Each period includes 2 hours of 
observations. We consider these 4 periods (8 hours) to be random 
representations of circumstances lasting 12 hours per day (7 AM to 7 PM). 
The studies continue for 3 days, and in total 16 serious conflicts with 
unprotected road-users are recorded. 11 are of severity class 1, and 5 of 
severity class 2 (according to Table 2: 11). How many police reported injury 
accidents with unprotected road-users are to be expected during one year? 

The estimate is obtained with the help of the formula: 

(7) 

where 
o• = estimated injury accident frequency 
K• 1 = recorded number of conflicts of severity class 1 
K\= recorded number of conflicts of severity class 2 
S1 = conversion factor for conflicts of severity class 1 
S2 = conversion factor for conflicts of severity class 2 

We can only estimate the accident frequency for the time of day that 
corresponds to the field study period, i.e. from 7 AM to 7 PM. We cannot 
include situations that are disparate with respect to risk, e.g. slippery or icy 
roads. If we disregard this, the calculations become: 

o· = 11 conflicts x 9.6 x 10·5 (according to Table 2: 11) + 5 conflicts x 33.9 
x 10·5 = 0.00275 injury accidents. The observation period is 24 hours (8 x 3). 
This means 0.00275/24 = 0.00011 injury accidents per hour of observation 
time. The observation time corresponds to 3,132 hours a year (12 hours x 261 
weekdays), if we view the conflict studies as representative only for weekdays, 
and for the time between 7 and 7. The estimated injury accident frequency for 
a year, on weekdays between 7 AM and 7 PM, then becomes 3 132 x 0.00011 
= 0.34, or about 1 injury accident every three years. 

A great advantage with the conflict technique as an instrument of analysis is that the 
chain of events can also be examined, using the observer's descriptions of development 
of the conflicts. This information can be used for generating hypotheses about 
accident causes. And these hypotheses can, in turn, be used to generate ideas for 
counter-measures to reduce the conflict risk. Measures that reduce the frequency of 
conflicts and/or their severity, will probably also reduce the accident frequency. This 
hypothesis is supported by the process validation that Hyden carried out (Hyden, C., 
1987). 

Another advantage to the practical use of the conflict technique is demonstrated when 
countermeasures are tested. Often, a measure can solve or reduce the problem it is 
supposed to resolve, but may create a new unexpected problem at the same time. The 
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conflict technique can often be used in identifying this problem right away, at least as 
long as the problem occurs within the observation area. 

2.2.5 Predictive Ability 
How well then does the conflict technique predict injury accident frequencies, when 
used as described in the previous section? How accurate can predictions be expected 
to be when using the conversion factors (Table 2: 11) that I calculated? And, how do 
these predictions compare to ones obtained with the original conversion factors 
presented by Hyden (Table 2:2), and with those given by Svensson (Table 2: 14)? 

The validation studies, carried out by Hyden and Svensson respectively, show strong 
relationships between the number of injury accidents and the number of serious 
conflicts for aggregated data. Svensson 's validation study is the most advanced, and 
takes into consideration the fact that the number of accidents, as well as the number 
of conflicts, follow the Poisson distribution. But what about the individual entities, 
the intersections? 

To get an answer to this question, I have used the three conversion models for 
estimating the frequency of injury accidents for 23 different intersections. I have 
compared these estimates with the recorded number of injury accidents. I have used 
the same material for this analysis as for the applied studies presented in Chapter 3. 
Only studies concerning cyclist's accident frequency have been included. In some 
cases only parts of an intersection is included, e.g. a bike crossing. The estimated 
injury accident frequencies are compared to that reported by the police for five years, 
on weekdays between 7 AM and 6 PM. The conflict studies are typically carried out 
in the middle of the five year period. In some cases, only 3 or 4 years of accident 
data has been possible to obtain. The results are presented in Table 2: 15. 

All three conversion models give rather good estimates for the sum of accidents for 
all 23 places. In total, 254 serious conflicts were recorded during the 346 hours of 
observation. The estimated number of injury accidents with cyclists involved are 32.4 
for a total of 109 accident years, when the Hyden model is used. 32 injury accidents 
have been recorded by the police. In other words, this seems to be a very good rate 
of prediction. Svensson's model gives an estimate of 39 injury accidents, and my own 
model 35.8. 

In order to test the estimates for the individual intersections, I have ranked the 
intersections with respect to the number of accidents reported by the police and with 
respect to the number of accidents estimated by each model. (To see if the intersection 
which has the highest estimate also has the highest number recorded et cetera). 
Spearman' s formula has been used for determining the Rank Correlation Coefficient 
(Rho): 
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6 }:d2- , 
Rho= 1 - (8) 

n(n2- 1) 

where 
d; = the difference in rank between the estimated and the recorded value for 

intersection i. 
n = number of observations, here 23. 

The correlation coefficients are relatively low here. This is natural, since several of 
the ranks of the police reported values are shared. No relevant injury accident was 
recorded at eight of the intersections. The same number of intersections has one 
accident recorded. My own model gives the highest rank correlation, 0.43. Hyderi's 
model gives a correlation of 0.30, and Svensson's model gives the value 0.28. 

Earlier studies have shown that Hyden's, as well as Svensson's, models have good 
validity on the aggregated level. My conclusion from the comparison above, is that 
my own model is as good, and probably better on the disaggregated level, especially 
with regard to estimating bicycle accidents with injuries. The accuracy of my 
estimates are therefore to be judged as good and quite satisfactory. 
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Table 2: 15 Estimated number of injury accidents, based on three different 
conversion models, compared to the recorded frequency according to 
the police statistics. 

Study Number of Number of Estimated number of injury accidents during The number of injury 
hours of recorded 5 years based on three conversion models accidents during 5 
observation conflicts years according to the 

Hydens Svenssons My own police statistics. 
model model model 
(Tab 2:2) (Tab 2:14) (Tab 2:11) 

I 18 6 0.69 0.84 1.04 2 

2 24 7 0.60 0.73 0.98 2 

3 13 11 1.75 2.13 1.96 0 

4 13 13 2.07 2.52 2.55 0 

5 13 4 0.64 0.77 0.69 I 

6 13 7 1.12 1.36 1.54 I 

7 13 17 2.17 2.63 1.86 I 

8 18 23 2.65 3.22 3.68 5 

9 12 0 0.00 0.00 0.00 I 

10 19 14 0.92 I.II 1.22 0 

11 26 11 0.88 1.07 I.II I 

12 12 15 2.59 3.14 2.30 4 

13 18 26 2.99 3.64 2.95 3 

14 11 5 0.94 1.14 1.06 0 

15 II 6 1.13 1.37 0.75 I 

16 8 3 0.78 0.94 0.95 I 

17 15 17 2.35 2.85 1.79 0 

18 19 17 1.48 1.80 2.45 3 

19 13 18 2.30 2.79 2.38 5 

20 19 16 1.75 2.12 2.07 I 

21 12 5 0.86 1.05 0.86 0 

22 10 I 0.17 0.20 0.11 0 

23 16 12 1.56 1..89 1.46 0 

I Totalt I 346 I 254 I 32.39 I 39.04 I 35.76 I 32 I 
The comparison period is 4 years in studies 7, 18, 19, and 22, and 3 years in study IO. 

Rank correlation coefficient based on Hyden's model : 0.30 
based on Svensson's model : 0.28 

based on my own model : 0.43 
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2.3 Behavior 

2.3.1 Introduction 
Legislation puts demands on the behavior of every road-user. Other road-users have 
expectations with regard to our behavior. The traffic environment also has an input 
on expected behavior. A specific behavior, or lack of that behavior, is one of the 
links in the chain of events leading up to an accident (see Section 1.2). Often, this is 
the decisive factor triggering the serious conflict or accident. Analyses of causes, such 
as in depth accident investigations (Carlquist, T., and Persson, H., 1988), and conflict 
studies (Hyden, C., 1987), can identify some of these behaviors. 

There are other behaviors which, in a more indirect way, may influence and thereby 
contribute to the number of accidents. For example, the individual's choice of mode 
of transportation, and route choice are indirect factors that may influence the accident 
frequency. If we, for instance, manage to persuade cyclists to choose a safer route 
(certain locations are less safe than others), accident frequency should be influenced. 

Different conditions and circumstances influence our behavior. We may be aware or 
unaware of this. A modification of the traffic environment may, therefore, alter our 
behavior. Hence, the basic hypothesis that changing a detail in the traffic system may 
eliminate an adverse behavior or support a desired one. The accident frequency 
should thereby be indirectly influenced. This conclusion presupposes that no new 
undesirable behavior is drastically boosted. If it has not been possible to change the 
undesired behavior, a traffic safety improvement should not be expected. 

Behavioral studies are consequently an important instrument for evaluating traffic lay 
out details. These studies may provide the only prospect of a short-term evaluation 
of a specific measure. The significance of such studies, then, depends on our 
knowledge of the link between behavior and accident risk. My opinion is that 
behavioral studies for evaluation purposes should be a complement to other types of 
studies needed for more reliable conclusions. However, behavioral studies alone are 
far better than no studies. 

2.3.2 Relation between Behavior and Accident Risk 
The relation between undesirable behavior and accident risk is seldom questioned. 
Especially since in this context, an undesirable behavior is most often defined as an 
accident generating one. To what degree do these undesirable behaviors generate 
accidents? There is, of course, not one general answer to that question. It is, in fact, 
not even certain that there is a correlation between all the behaviors that we define as 
undesirable and accidents. However, it is even harder to believe that the opposite 
would be the case, i.e. that the lack of undesirable behaviors should generate 
accidents. Having good grounds for supposing that a certain behavior is accident 
generating, is usually enough for trying to rectify it. 

The driving behavior measured as speed choice, or mean speed of a vehicle flow, is 
one of the few behaviors where the relation with accident risk has been established. 
Results of investigations from a number of countries around the world have been 
collected in the Norwegian traffic safety manual (T0I, 1989). The investigations have 
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one thing in common, that they have focused on a measure aiming at reducing the 
speeds, and that they have been successful in doing so. The achieved reduction in 
average speed has then been compared to the obtained accident reduction. This 
relationship is presented in Figure 2: 11. 

Decrease in accidents (%) 
50r------------------~ 

40 - · · · · 

30 - · · · · · · · · · · · · 

20 - · · · · · · · · 

10 

Accidents with 
fatalities 

Accidents with 
injuries 

0 .__.____.____.____.____._____J'--__J-__J_....J 
0 2 4 6 8 10 12 14 16 

Decrease in mean speed (%) 

Figure 2: 11 Proportional decrease in the number of accidents with fatalities and 
injuries as a function of achieved decrease in mean speed (T0I, 1989). 

A changed speed behavior, so that the mean speed is reduced by 10%, e.g. from 50 
km/h to 45 km/h on an urban street gives a reduction in the number of injured by 
25 % , and in the number of fatalities by about 35 % on this street. The correlation is 
very high. Results from similar studies, carried out at our department, show an 
astonishing resemblance to these graphs. 

Not many other behaviors have been related in a similar way to accidents. One is 
"red-walking" though. According to my own studies (Linderholm, L., 1987), the 
accident risk is about 4 or 5 times greater when crossing during 'red' instead of 
'green'. The level of risk is distinctly linked to the circumstances under which the 
pedestrian walks. Interviews, that I carried out with red-walkers, showed that there 
is conscious and unconscious red-walking. 13% (4 out of 31) of the red-walkers were 
unaware of their behavior in this investigation. 
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2.3.3 Recording of Behaviors 
When the safety effect of a countermeasure is to be evaluated, studies of changes in 
behavior can be a good instrument. It is important then, beforehand, to define what 
is undesired and accident producing behavior, and what is desired behavior. The 
number of such behaviors can then be counted, and their shares compared. Both 
before and after studies are needed in order to know that one has been successful. If 
the share is changed in a positive direction, the hypothesis is that the number of 
accidents is also reduced. The design of such studies would vary according to which 
behaviors are in focus. I recommend the following procedure as a guideline for 
designing an effective evaluation study : 

1. Define the behavior you want to have modified. 
2. In what way is this behavior best measured? 
3. Where and how is the investigation to be done ? 
4. What size of the investigation is required in order to give conclusive 

results? 
5. Will you be able to verify your hypothesis with these studies (do you get 

an answer to your question)? 
6. Can you duplicate the studies after the countermeasure has been 

implemented? Are the situation compatible, so that adequate comparisons 
can be carried out? 

7. Are you, with the measure in mind, possibly influencing some other 
behavior in a negative way, and if so, how is this to be controlled for? 

In other words, in each new instance, what is to be studied must be decided upon. If, 
for example, the hypothesis is that a large percentage of red-walking is the cause of 
many pedestrian accidents at an intersection, countermeasures will be sought to reduce 
this behavior. In order to verify that this is the case, behavior studies should be 
carried out not only at this intersection, but also at other signalized intersections. This 
will enable proper comparisons. What is of interest to study is the percentage of 
pedestrians arriving during the red phase, as well as the proportion of these that 
proceed against red. Usually certain situations during the red phase are of special 
interest. If so, a further segmentation should be done. 

I think an example best illustrates a good design of a behavior study. While I was 
carrying out a study on pedestrian risks at signalized intersections (Linderholm, L., 
1987), an accident, later extensively discussed in the press, took place. An older man 
was hit and killed by a city bus on a crosswalk at a signalized intersection. For no 
apparent reason, the man had stepped out on the crosswalk just in front of the bus, 
when this was passing the 'second' crosswalk, i.e. when the bus was passing out of 
the intersection. The bus driver told the police that he had not run a red light. Eye 
witnesses recount that the man was waiting for the green 'walk'; but some say he 
started on red, and others that he didn't start till green. What really 'caused' the 
accident was therefore never clarified. Closer analysis by me of the signal phasing of 
this specific crosswalk, showed that it had a so-called lock function. See Figure 2: 12. 
Such a technique is sometimes used at larger intersections with long clearance times. 
My hypothesis with regard to the accident cause was, therefore, that the old man had 
been mislead by the signal, and thought that he walked with green, while he actually 

54 



did not. He looked at the wrong pedestrian display, and started when the further away 
light changed to green. This display only controls the second half of the crosswalk, 
the part on the other side of the wide central island. This behavior is what I 
previously (as issue 1.) referred to as undesired behavior to be eliminated. 

Figure 2: 12 Crosswalk with split phasing, so called "lock function" 

In order to verify this hypothesis, the behavior has to be measured (issue 2. above), 
and related to some measure of exposure. In this case it is a rather straight forward 
procedure. First count the number of pedestrians phasing the same situation as the old 
man--starting when the far away display changes to green. It is also necessary to 
count the total number arriving on red, and the number starting during different parts 
of the red phase, in order to get the different shares of red-walking. 

Where and how the investigation is to be carried out (issue 3 above). In this case, 
there are basically two methods to choose from: either manual observations in the field 
or analysis of video recorded material. Field observations were chosen, since the 
behavior to be measured was well defined and easy to distinguish. Furthermore, this 
meant faster evaluation. A suitable location for the observer was found behind the 
waiting pedestrians, so that he could easily see the closer pedestrian display, as well 
as the one further away. Video recordings are to be preferred for more complicated 
studies of behavior where, for example, several behaviors are to be analyzed 
simultaneously. The analyses of different parameters can then be done simultaneously, 
with the possibility of looking through the situation several times. 
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What size of investigation is needed? (issue 4 above). We usually assume that the 
amount of undesired events follow the Poisson distribution. Provided that there are 
certain conditions, we can assume this to be true for the amount of red-walking as 
well. If we then assume that certain measures can reduce this undesirable behavior 
by, for example 30%, it is possible to calculate (see Table 1:1) that we need to 
observe a minimum of 82 red-walkers in the before study, in order to detect the 30 % 
difference at 90% significance with 80% probability (Brundell-Freij, K., 1991). 

However, for this special case, the desired design was not a before and after study, 
but comparisons to "normal behavior" at similar intersections. Previous studies have 
shown that normal red-walking at this type of intersection is between 5 and 10 % (for 
intersections with similar geometrical lay-out) (Garder, P., Hyden, C., Linderholm, 
L., 1979). If we speculate that the lock function gives an additional red-walking of 
about 30%, and that the red-walking is around 10% without the lock function, we need 
around 80 to 90 observations of red-walking. Through this design, I considered it 
possible to verify the hypothesis. The answer to 'question' 5 above is consequently 
'yes'. 

Since the number of pedestrians at the intersection was unknown, I started the 
investigation by a series of observations for a total of 7 hours. It turned out that a 
shorter study would have sufficed. The results of this investigation are shown in Table 
2:16. 

Table 2: 16 Red-walking behavior for divided signal phasing, so-called lock 
function (Linderholm, L., 1987). 

Arrives Arrives during red, and starts walking Sum 
during red, during red, while the further away signal 
and waits shows: 
for green 

red green, but the green, and the 
pedestrian has pedestrian has 
not waited waited 

Number 319 22 17 186 544 

Share 59% 4% 3% 34% 100% 

The studies of behavior show that no less than 41 % of the pedestrians who have the 
possibility of walking during red do so. This figure should be compared to the 
expected share of 13 % (10+ 3). The discrepancy is obvious. The study also reveals 
that 34 of the 41 % jaywalking are those who have been waiting for green, and started 
when the further away display switched to green. This is exactly what our hypothesis 
stated. The other red-walking shares, in total 7%, are such that they are not, or are 
probably not, influenced by the "lock function". This value corresponds well with 
the expected share of red-walking for an intersection without the lock function. 

The investigation verifies the hypothesis, and shows that this type of signal phasing 
may be a death trap, and should therefore not be used. The best proposal would 
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accordingly be to get rid of the "lock function". If this were accomplished, an after 
study could easily be carried out to get a new comparison. There is a great probability 
this measure would not create any new problems. Question 6 above can therefore be 
given a positive answer, while the answer to question 7 is 'no'. 

In this example, studies of behavior were sufficient for significant conclusions to be 
drawn with respect to the relevance of this traffic engineering detail. However, as I 
mentioned earlier, usually this type of study should be a complement to, and in 
explanation of, results from other analyses. 

2.3.4 Reliability 
Three conditions are to be met in order to get a highly reliable recording. First, the 
behavior has to be well defined and possible to observe. Second, the conditions for 
observing must be optimal, i.e. the best method must be used. Third, the observer 
and evaluator are trained in recording/evaluating. 

The observer's reliability can be measured. If, for example, field observations are 
chosen, a pilot study can be carried out where several observers simultaneously record 
the same behavior. Synchronous video recordings can be arranged. The recordings 
by the observers can then be compared with the results from an 'objective' analysis. 
This can be obtained through an experienced observer's scrutinizing of the video 
recording. The observers that achieve the best results are then used in the main study, 
on the condition that they meet set minimum requirements. 

An important factor in behavioral studies' reliability in before and after studies is that 
the same type of study can be duplicated after the countermeasure has been 
implemented. 

2.4 Interaction 

2.4.1 Introduction 
In Section 1.2, I discussed how accidents occur. As was portrayed by the system 
oriented view of accident development, traffic embodies a complicated relationship 
between different types of interactions (cooperations). These can be classified into two 
main types, i.e.: 

A. The interaction between the road-user, the vehicle, and the surrounding physical 
environment. 

B. Interaction between road-users. 

A good interaction (cooperation) between the entities of A and B is conceived as 
something positive, something we strive for. Lack of, or deficiencies in, the 
interaction is something negative--something that may be linked to a break-down of 
the system. We want to avoid this as far as possible. Our premise is that it is partly 
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these deficiencies that initiate the accident generating event. For single vehicle 
accidents, the deficiencies in the interaction are between driver-vehicle-environment 
(A); while multi-vehicle accidents or collisions between vehicles and unprotected road 
users also include deficiencies in the interaction between the road-users (B). Still, the 
environment may be an important factor of influence. A deeper discussion is needed 
with respect to the role of different entities in influencing the interaction. 

A. Interaction between the road-user, the vehicle, and the environment. 
Figure 2: 13 shows a simplified illustration of how certain accidents are caused by 
deficiencies in the interaction between the components of the system, road-user - 
vehicle - environment. These deficiencies may be caused by distractions or 
shortcomings in these components. 

Experiences, 
training DISTRACTIONS 

Road 
traffic 
et cetera 

Vigilance, 
sickness, 
alcohol 
et cetera 

Visual 
Input 

llojalloj 

I Direction 
.---~--, 

Perception 
Interpretation 

DISTRACTIONS 

Interfering ■oun 
from the radio, 

et cetera 

Tira■, weight 

et cetera 
Brake, 

accelerator 
Steering 

Figure 2: 13 Examples of interactions between driver, vehicle, and environment 
(Department of Traffic Planning and Engineering: Textbook in Traffic 
Engineering, lB). 

The ability of the human being is limited both physically and psychologically. Our 
senses are made for conditions such as walking, not for driving with high speeds. Our 
desire to travel faster and faster, but in a safe way, is limited by the fact that we 
ourselves operate the vehicles. Today, we are alarmingly close to the limit of human 

58 



ability when it comes to the capability of perceiving and interpreting necessary 
information fast enough. This is true in spite of certain minimum driver requirements 
with respect to age, knowledge, eye sight, 'soberness', et cetera. 

An important component of the interaction ought to be that the road-user is able to 
decipher different threats through his senses. The development of vehicles has in 
many cases had the opposite effect. The driver has become more and more protected 
from the outer environment. He sits in his 'shell', as comfortable as in the couch at 
home in front of the TV. Of course, this has not only had negative effects on safety, 
since the role of 'operator' has become less tiring, and the vehicles more crash 
resistant. But the question of whether this has been positive for traffic safety in 
general, remains to be answered. 

The vehicle should be designed so that it reacts according to the driver's maneuvers 
in a way that reflects his wishes as an operator. There are naturally many limitations 
to this. One is that it is, of course, impossible to stop a vehicle without a distance for 
decelerating. But, even though the development of vehicles leading to the possibility 
of ever higher speeds has a negative influence on prospects of interaction and safety, 
there are, as I earlier stated, other trends in vehicle development influencing 
interaction in a positive way. The present vehicle evolution aims at eliminating the 
human as far as possible from the system. New electronic aids will automatize the 
driver role, or at least simplify it. 

The traffic environment should be designed so that it distinctly, and without risk of 
misinterpretation, plainly shows how it is to be used. At the same time, the demands 
put on other components, especially on the road-user, should be clear. Deficiencies 
in the interaction are here caused by the fact that the environment does not give 
sufficient, or gives faulty, information. Problems with interpretation often grow 
bigger with greater numbers of other road-users in the system. 

In summary, what sets the boundaries of performance in the system of interaction in 
the road-user - vehicle - environment system is chiefly: 

- the ability of the individual road-user to perceive, interpret, and act on available 
information 

- the manner in which the vehicle transfers relevant information to the senses of 
the driver; and the way the vehicle responds to his commands (braking, 
steering, et cetera) 

- the design of the traffic environment, i.e. partly the level of demands made by 
it, and partly the content and unambiguity of the information it gives to the 
road-users. 

Traffic engineering details with respect to traffic technique ought, in other words, to 
have some importance for performance in the road-user - vehicle - environment system 
of interaction. However, this relationship is much too complex, and our knowledge 
of how it functions is far too limited, for us to be able to take advantage of this 
awareness. For this reason, among others, interaction on this level (road-user - 
vehicle - environment) will not be used here as an evaluation instrument. 
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However, simplified interaction studies of the type outlined in Section 2.3.3 may be 
carried out. The study of red-walking at the signal with the "lock function" can be 
looked upon as a study of interaction between pedestrians and one part of the traffic 
environment (the signal phasing). Instead of labeling it as a study of behavior, it 
could be called an unpretentious study of interaction. Where the borders should be 
drawn between behavior and interaction studies is unclear and of little importance. 

B Interaction between road-users. 
The overwhelming majority of all collision accidents are caused by deficiencies in the 
interaction between road-users. (In spite of this, deficiencies in the interaction between 
driver-vehicle-environment for each party may be decisive, or at least contribute to the 
train of events of interaction between the road-users.) The basis for these deficiencies 
can be referred to as the 'social' structure of the traffic system, as well as to problems 
of communication within this system (Persson, H., 1988). 

The traffic system differs from other social systems in one important aspect, i.e. the 
contact between people. Normally, social systems mean that people do things 
together, towards a common objective--something that can be described as a joint 
effort. The traffic system is, however, foremost based on individual trips, which do 
not have goals of interest to other road-users. This means that people are more of a 
hinderance than of use to one another. 

The lack of joint action makes traffic into what could be called an unsocial system. 
The individual behavior follows a drive to maximize one's own utility of the system, 
rather than consideration of other road-users. The purpose and target of the trip 
defines its utility, and the behavior of road-users is dominated by factors such as 
legislation, risk of being observed when braking a rule, and the risk of getting bodily 
injuries. 

The ambition of traffic legislation is to prevent as many collision accidents as 
possible. One reason that so many collision accidents still occur is lack of respect for 
these rules. Lack of respect can, in its turn, be explained by the fact that the social 
control of the system is minimal. We are anonymous in traffic. 

Pressed to its limit, it can be alleged that joint actions do not occur until the risk of 
collision is evident. The common objective then becomes to avoid the collision. The 
road-users try to communicate with one another. However, the conditions for a 
fruitful communication are not very good, since the parties cannot talk to one another 
(since at least one of the parties usually drives a car). Instead, communication is 
accomplished through gestures or actions. Examples of questions that arise are "What 
is he doing? What does it mean? What does he want?" The risk of misunderstanding 
becomes, of course, enormous because of these poor circumstances for 
communication. 

An important question is whether it is possible, through changes in the traffic 
environment, to improve the interaction between road-users so that they better obey 
our traffic rules, and misunderstand each other's intentions less. My hypothesis is that 
this is possible, and that there is a direct relationship between badly functioning 
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interaction and high accident risk, and similarly, between well-functioning interaction 
and low risk. 

Studies of interaction between road-users can be likened to studies in behavior. The 
difference is, that studies in interaction connect the different road-users' behaviors in 
the recordings; while studies of behavior are based on observations of the individual 
road-users one by one. 

2.4.2 The Relationship between Interaction and Accident Risk 
My hypothesis with respect to a relationship between interaction and accident risk will 
always be difficult to verify empirically. For the time being, we will have to be 
satisfied with the logical assumption that a good interaction between road-users leads 
to 'safe' traffic. Therefore, it is of interest to study interactions and give preference 
to those solutions producing good interaction, over those generating bad. 

One problem is how to define what a good interaction is. Interactions are guided by 
norms and values (Persson, H., and Risser, R., 1990). This means that what we 
conceive of as "well functioning interaction" may change over time, just as values do. 
This is demonstrated by the fact that legislation is changed, and even more clearly, in 
the rapid way unofficial rules in traffic can change. Even though it is hard to define 
what constitutes good or bad interaction, present legislation and common sense should 
be a good guide. 

2.4.3 Recording of Interactions 
The way interactions are to be recorded depends basically on how they are defined. 
The basis for interaction is that two or more road-users simultaneously have demands 
on the same traffic location, so that some type of joint action is created. In my 
studies, I have focused on the interaction between motorists and cyclists, whose paths 
intersect at signalized intersections. The question to be answered has been, to what 
extent do differences in intersection lay-out influence interactions? 

My judgement of the interactions has, in these cases, been partly subjective and partly 
based on legislation. The legislation says, for example, that turning cars should yield 
to straight forward going bikers at signalized intersections, when both have green 
lights. This can easily be judged at each individual opportunity of interaction. The 
subjective part of the judgement has been in what way the interaction actually takes 
place. Did the interaction happen at an early stage or late? An early interaction 
indicates that the road-users observed each other at an early stage, and considered the 
presence of the other one. A late interaction can be interpreted as the road-users not 
noticing each other, or not wanting to take consideration of each other. The 
boundaries are of course not fixed. In these studies, the interactions have been 
classified into four groups: 

- the car driver yields to the cyclist at an early stage (CdE) 
- the car driver yields to the cyclist, but at a late stage (CdL) 
- the cyclist yields to the car driver at an early stage (CyE) 
- the cyclist yields to the car driver at a late stage (CyL) 
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Recording of interactions can be done in the field with the help of trained observers, 
i.e. with the same routine as is used in recording of conflicts; or through analysis of 
previously recorded video tapes. In this project, I chose to use field observers at the 
site. The reason for this choice was that the style of recording is simple, and that it 
mean t a speed ier evaluation. Another reason for the choice was that the development 
of this type of interaction study is at a very rudimentary stage in the traffic safety area. 
These studies should be seen as a first test of the usefulness and relevance of this 
method. 

The disadvantage of using field observers is that the subjective component of the 
recording is enlarged. Without hesitation, the observer has to judge what is and what 
is not a circumstance of interaction, i.e. if the road-users simultaneously have demands 
on the same traffic location. In the field, the observer also has to judge 
simultaneously how the interaction develops. This can be difficult for certain 
complicated situations. This judgement becomes less subjective if one can replay the 
situation several times on a TV-screen. 

One problem has been to judge interactions with several bikers arriving at the same 
time, especially when they ride in two directions on two-way bike-paths. Is there then 
an interaction between a motorist and two cyclists, or is one of the cyclists decisive 
for the tactic of the motorist? These questions cannot be answered without extensive 
and intricate studies. All situations with more than two participants were registered 
in a special way, and analyzed separately. 

2.4.4 Recording Reliability 
I have tested observer reliability by comparing the entries made by two different 
observers of the same situations. A more precise test would have been to make 
simultaneous video recordings and compare the entries with this 'objective' material. 
In order to minimize use of resources I did not do this. 

The two observers ( one a very experienced conflict observer, the other one less 
experienced) had 20 minutes of instruction. This covered how the observations were 
to be done, and how the situations were to be classified. Positioned on opposite sides 
of the street, they covered the interactions on a two-way bike crossing at a signalized 
intersection for two two-hour periods. One was during off-peak and the other one 
during peak traffic. The recordings of the two observers are presented in Table 2: 17. 

62 



Table 2:17 Two observers' simultaneous recordings of different types of 
interactions. 

Observation period Recording by observer 1 Recording by observer 2 
and observation type 

CdE CdL CyE CyL r CdE CdL CyE CyL r 

Obser- Simple 25 3 2 I 31 17 6 0 1 24 
vation 
period 1 Double 7 2 0 0 9 6 1 0 0 7 

Sum 32 5 2 1 40 23 7 0 1 31 

Observa- Simple 69 7 7 6 89 56 16 3 5 80 
tion 
period 2 Double 27 I 0 0 28 33 2 0 0 35 

Sum 96 8 7 6 117 89 18 3 5 115 

Both Number 128 13 9 7 157 112 25 3 6 146 
periods 

Share 82% 8% 6% 4% 100% 77% 17% 2% 4% 100% 

CdE= the car driver yields to the cyclist at an early stage CdL=the car driver yields to the cyclist, but at a late stage 
CyE= the cyclist yields to the car driver at an early stage CyL= the cyclist yields to the car driver at a late stage 
Double = two or more cyclists interact at the same time with one motorist 

The table demonstrates that there is a certain variation between the judgement of the 
two observers. This is true with respect to numbers of interactions, as well as how 
the interactions evolved. In total, the two observations are, however, fairly alike. 
Observer 1 has recorded 11 interactions more than observer 2 (8 % ), and has a share 
of 90 % where the motorist yields to the cyclist, while observer 2 has a share of 94 % . 

The reliability of the recordings should become higher with longer training and more 
practice. However, in my studies I accepted this level and decided to use the 
technique as a complement in the evaluation. 

2.4.5 Subsequent Development 
A technique for studies of interaction of this type were later developed in a Joint 
Scandinavian project, where researchers from Denmark as well as from our own 
department cooperated. Situations were video-filmed. During play-back, real time 
could be viewed with an accuracy of no less than 0.1 seconds. Analyses lead to the 
following definition of what a "separate arrival" is, i.e. what a situation of interaction 
is not (NKT, 1989): 

The situation is separate if the cyclist arrives more than 2.5 seconds after the 
car, or more than 1. 0 seconds before the car, presupposing none of the road 
users take any evasive action. 

Other situations are divided into early interactions and potential accident situations. 
The late interactions are included here among the potential accident situations, together 
with serious conflicts and collisions. There are also situations lacking in interaction 
all together, that are still potential accident situations. The following classification has 
been decided on: 
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Early interaction is a situation where at least one of the road-users takes an 
evasive action (visible to the observer) in order to avoid a later conflict or 
accident. The evasive action is to be taken more than 2.5 seconds before the 
cyclist's arrival at the point of intersection, presupposing he would have 
continued without the evasive action. (TA-value). 

Late interaction is a situation where the time margin, defined as above (TA 
value), is less than 2.5 seconds but more than 1.0 seconds; and at least one of 
the road-users is in control of the situation. 

Serious conflict is a situation where the above defined time margin is less than 
or equal to 1.0 seconds, i.e. one of the road-users has to take a sudden evasive 
action. 

Collision, the road-users do not act, or at least not until so late that an accident 
happens. 

Potential accident situation that is not a conflict or interaction is a situation 
where both road-users proceed with unchanged speeds and are close to 
colliding, though missing each other. The situation is characterized by the fact 
that a serious conflict or collision would easily have occurred if one of the 
road-users had reacted and taken an evasive action within one second of the 
passage of the point of intersecting. 

The situations were also classified according to how the road-users arrived at the point 
of interaction. These groups were formed: 

1. The cyclist as well as the car driver arrive at the point of intersection without 
previously having stopped for red. 

2. The cyclist arrives without previously having stopped, while the car driver has 
stopped earlier for a red signal. 

3. The car driver arrives without previously having stopped, while the cyclist has 
stopped earlier for a red signal. 

4. The cyclist as well as the car driver stopped for red prior to the interaction 
situation. 

Studies of interactions will probably become more usual in future evaluations, at least 
as a complement to other types of analyses. The development is towards more 
'objective' forms of interaction-studies. This, of course, is in one sense a desired 
development, but a careful balance is needed, so that the "correct level" is reached, 
since 'objective' measures also make the studies much more costly to carry out. 
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2.5 Risk Analysis 

2.5.1 Risk as a Measure of Safety 
The term 'risk' is of great importance in the general debate. Within most sectors of 
society, the term risk is used in different types of discussions. It is used for a number 
of different comparisons. Two different aims with these risk comparisons can be 
distinguished (according to Lindell, B. & Sjoberg, L., 1989): 

1. to describe a new risk 

2. to rank risk in order to provide information for decisions and give priority to 
protective propositions. 

Comparisons of risks are also very important in the traffic safety sector. The Swedish 
parliament has, for example, in 1982 as well as 1988 agreed upon the target of the 
national traffic safety work. This target has been expressed in three components 
(TSV, 1990): 

The total amount of people killed and injured m traffic is to be steadily 
reduced. 

The risk of being killed and injured in traffic is to be steadily reduced for each 
road-user group 

The risk of being killed and injured in traffic is to be reduced more for 
unprotected road-users than for protected ones. The problem of children is to 
be especially considered. 

Two of the goals are to reduce the risk of being killed and injured in traffic. In other 
words, there is a need to define risks in traffic, and the aim is specified in item 2 
above. At different levels, measures of risk accessible to authorities and organizations 
working in the field are essential for traffic safety development, with priority given 
to the most necessary strategies, so that the goals of the parliament can be reached. 
From a decision and priority viewpoint, it is preferable that measures of risk for the 
following groups are able to be given simultaneously (NVF, 1980): 

a. different types of transport (e.g. passenger and cargo transport) with respect to 
trip purpose and modal split 

b. different groups of people with respect to age, sex, possession of driver licence, 
possession of car, et cetera 

c. different road-user groups (e.g. car drivers, bike riders, pedestrians) 

d. different parts or areas of the road and street system. 

65 



When studying the safety effects of different traffic engineering measures, the aim is 
to compare and rank risks, thus aiding decisions in choosing lay-out. For this 
purpose, the need for measuring risk is primarily related to issue d above, but also in 
combination with issues b and c. 

2.5.2 Alternative Measures of Risk 
Risk is not an unambiguous term, but has many meanings. To most of us, risk means 
a threatening danger, with an image of what the danger could lead to if things go 
badly, i.e. its consequence. How we perceive and assess different risks therefore 
varies from person to person. This assessment is based on a number of factors 
(Lindell, B. & Sjoberg, L., 1989), such as: 

- earlier experience of the risk in question 
- whether one has a personal advantage in the source of the risk 
- the degree to which it is voluntary or compulsive 
- whether it is a natural or man made source of risk 
- the perceived abilities to influence the risk situation 

These individual assessments make it hard to compare different risks, since there is 
different acceptance for different types of risk situations. This type of risk is usually 
called subjective or perceived risk. 

The perception of risk is important for many individual choices. Some people, for 
example, do not fly in airplanes because this is perceived as too dangerous. The 
perceived risk can often create anxiety, and might even bring out terror. Anxiety that 
is transferred to angst is negative from the public health view. Therefore, it is also 
important to consider how people perceive different sources of risk. To quantify these 
is, however, intricate. This has led to difficulties in considering subjective risk in 
collective decisions. 

To alleviate comparisons of risks, trials to estimate objective risks are done instead. 
The aim is to do this in as neutral a way as possible. Such a risk measure is usually 
called objective or real risk. This is defined in the following way: 

number of undesired events 
Risk = ---------------- 

number of possible events (exposure) 
(9) 

What is put in the numerator depends on what comparison is to be made. Within the 
traffic safety area it does not have to be accidents, other undesired events can be used, 
such as traffic conflicts. Then, the measure for comparison becomes the risk of 
meeting with an accident. 

A useful measure of risk, should for comparison reasons, include the probability of 
meeting with the undesired event as well as its consequences (Lindell, B. and Sjoberg, 
L., 1989). The risk is then given as number two material. To get around this, one 
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often gives the product of the probability and the consequence, i.e. the expected value. 
In the traffic field, it is usual to calculate separate risks for each type of undesired 
event, which means that the risk of a fatality, the risk of an injury, et cetera are 
calculated. It is also possible to estimate such risks from indirect measures, e.g. from 
serious conflicts. 

What constitutes the denominator in equation 9 can vary considerably, and is of great 
importance for the relevance of the risk measure. Partly, it is dependent on the type 
of comparisons that are to be done, and partly on what information is available. With 
respect to what is in the denominator, three main types of risk measures can be 
distinguished in the traffic safety field (Brundell-Freij, K. and Ekman, L., 1990). 
These are built on the following concepts: 

- probability base 
- normative base 
- cost-effective base. 

Risk measures based on the cost-effective concept have rarely been used for traffic 
safety analyses. This type of measure is also highly criticized in a study of the 
relevance of different risk measures by Brundell-Freij and Ekman. One reason for this 
is that it is impossible to quantify all effectiveness or utility of a traffic enterprise. 
Therefore, this type of risk measure is not recommended. 

Risk measures based on the normative principle assume that exposure is used for 
eliminating the influence of different traffic volumes. This gives a constant risk 
measure, independent of the traffic volume. Of course this facilitates comparisons. 
Choice of measure of exposure, or "risk mass" as it is sometimes called, should then 
be based on getting "the number of undesired events per unit of time" (accident 
frequency) closely correlated to the exposure. Comparative studies of intersections 
have shown that the square route of the product of the two conflicting traffic volumes 
(q and Q) gives a good fit (Nilsson, G., 1978). This gives: 

exposure = ✓ q · Q -, (10) 

This measure of exposure has been common, for comparison purposes, on a detailed 
level. I have earlier used it myself in several analyses. 

More simple types of normative standardization, such as number of accidents per 
million vehicles entering an intersection, or number of accidents per million pairs of 
passing axles at a road section, are usually called accident rates. 

Risk measures based on the probability basis are simple to understand, and also the 
ones that correspond best with what we usually perceive of as risk. If we, for 
example, want to describe the risk for a pedestrian of being hit by a car at a cross 
walk, the denominator in equation 10 becomes the number of opportunities that a 
pedestrian and car meet at the cross-walk and have the possibility of colliding. This 
number however, might be hard to count, or estimate in a mathematical way. Another 
foundation for the risk estimate can then be to base it on the pedestrians only, and 
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calculate the ratio between the number of pedestrians hit at the cross-walk, and the 
number of pedestrians crossing there. We thereby estimate the probability of a 
pedestrian crossing and meeting with collision. Then, it is possible to study how this 
risk (probability) varies with the amount of vehicles passing the crosswalk. 

I tested different functions for estimating the "number of possible events", in a 
previous study (Linderholm, L., 1987). I have here defined the number of possible 
events, as the number of interaction situations that were recorded, according to the 
method described in Section 2.4.3. The function that gave the best result, when 
compared to the number of interaction opportunities, is shown in equation 11 below. 
It is based on the traditional and simplified assumption that the number of arrivals in 
a traffic flow follows the Poisson distribution. The probability (p) that a car will be 
at a certain area=such as at a crosswalk=depends partly on how many cars are passing 
the area per unit of time, and partly on how long it takes for the cars to pass the area 
of conflict, i.e. how long they are a threat to a crossing pedestrian. This can 
mathematically be written as follows: 

where Q is the number of cars passing per unit of time, and t is the time that each car 
in average spends within the area of conflict. From now on this time will be called 
time of interaction. This perspective is used, for example, in setting up the following 
function for estimating the "number of possible events" or exposure, as it is usually 
cal-led, with respect to pedestrians crossing at the crosswalk: 

exposure = q · ( l -e-1 • Q) 

where 
q = number of pedestrians per hour 
Q = number of intersecting vehicles per hour 
t = the vehicles' average time of interaction 

(11) 

The discussion above shows that 'risk' can have many meanings, and be expressed in 
several different ways. It can be an expression of a perception, and it can be an 
expression of an estimated or expected frequency of undesired events in specified 
circumstances. It can also vary with respect to who asks the question. Is it an 
authority or a certain road-user? It can be a general risk, e.g. the risk of driving a 
certain road section with a given type of vehicle, or a situation specific risk, such as 
the risk a cyclist takes when he/she makes a left-tum at a certain intersection. In other 
words, there is a great span in what can be called risk. The reason is that the 
expression is used as a measure of comparison from different perspectives, and with 
different purposes. 
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2.5.3 Demands on Quantitative Measures of Risk in Traffic 
When parliament decides that risk in traffic is to be reduced, the average risk in the 
whole traffic system is referred to. When comparing the risk of different lay-outs et 
cetera, the risk to the individual road-user is not in focus, nor is his perception of 
risks. Instead, it is the average risk to a group (where the individual is included) that 
is focused upon. This means that it is an aggregated measure, where the risk to 
different people, roads, times, et cetera have been added together. If the solution (lay 
out) with minimum risk is chosen, then it should also be the one with the smallest 
amount of undesired events (as long as all other factors are constant). If this is not 
the case, it is a faulty measure of risk. If the comparison is carried out with a 'bad' 
measure of risk, there is a great probability that the outcome will be a bad decision. 

When evaluating the safety effect of a traffic engineering measure, risk analysis is the 
central element. Therefore, it is essential to always examine how the measure of risk 
has been defined. Not until then can the study be interpreted. Since there is not one 
'true' measure, the following questions should be asked when a measure of risk is to 
be chosen (Brundell-Freij, K. and Ekman, L., 1990): 

- what is the measure of risk going to be used for? 
- is the measure possible to interpret? 
- do I get a relevant answer to my question? 

What is required of a good measure of risk is, foremost, that it is possible to interpret. 
In order to fulfill this, the elements of the ratio should come from the same system. 
This requirement is met if the denominator can be counted, and the numerator can 
be ·divided based on the units of the denominator. An example of an interpretable 
ratio is "the number of injured persons per passenger-kilometer". An example of an 
undecipherable measure is "the number of accidents per passenger-kilometer". 

The prerequisite for being able to determine the "number of possible events", or 
exposure, is that the traffic volume is known. The more detailed the analysis is to be, 
the more detailed information about different flows is required. When analyzing the 
risk change when modifying the traffic engineering lay-out, a good traffic count is 
always needed. 

Local councils and the regional branch of the Swedish National Road Administration 
usually make traffic counts on our streets and roads. But, these counts do not cover 
all roads, and only daily averages are presented. Detailed analyses of risk demand 
more detailed information. Manual traffic counts are needed in order to get 
information about, for example, unprotected road-users, and which shares of the 
vehicle volumes are turning at an intersection. 

Traffic volumes vary over the day. This variation can be considerable. The traffic 
volumes can be an important variable in the analyses of risk, and therefore different 
periods of the day with varying volumes, should be analyzed separately. The analyses 
are done of periods with 'homogeneous' traffic volumes. My experiences, e.g. from 
a large number of conflict studies, say that an appropriate time period is 30 minutes. 
The assumption is that the traffic intensity is constant during such a period. If longer 
periods are used, there is a great risk of too wide a variation in traffic conditions 
within the period. 

69 



Traffic counts should be taken over a period of at least two days, and the average of 
those two days should be used for the analyses. The counts are most simply done by 
one or several field observers on site, but video recorded material can also be analyzed 
afterwards. With all the traffic streams counted and separated according to road-user 
category, the prerequisites are set for calculating a relevant measure of exposure for 
any risk analyses for each 30-minute period. 

2.5.4 Choice of Measure of Risk 
My comparisons are to be used for studying different lay-out details' influence on 
cyclists' safety. Therefore, it is the probability of a cyclist being hit and injured that 
should be the focus when choosing a measure of risk. This means that I will build on 
the probability base when I choose a measure of exposure. 

I have, throughout the work, estimated the frequency of undesired events with the help 
of the conflict technique. The reasons for not using police reported accidents have 
been discussed earlier (see Section 1.3.1). How the technique is used is described in 
Section 2.2.4. The numerator in my measure of risk (equation 9) is, in other words, 
an estimate of the number of police reported injury accidents between motor 
vehicles and bicyclists. 

A relevant measure of the denominator, for my comparisons, is "the potential number 
of collision opportunities". These have not been counted, but can be estimated, using 
the detailed traffic counts that have been made. This estimate has been made with the 
help of equation 11, where q means number of bicyclists per hour. It has been 
possible to carry out a test of how good an estimate this is. From my applied studies, 
presented in Chapter 3, I chose 200 30-minute periods where counts and studies of 
interactions were carried out simultaneously. The studies of interactions were recorded 
according to the method described in Section 2.4.3, and covered cyclists on through 
going bike paths and intersecting vehicles. The number of observed situations of 
interaction can be seen as an approximation of "the number of collision opportunities". 
Recalculated as hourly values (q and Q in equation 11), and the number of situations 
of interaction per hour, I get an opportunity to compare the calculation of the 
'theoretical' number of interaction situations (exposure) with the observed number. 

Before this can be done, certain assumptions have to be made. For these cases, the 
average interaction time (t) has been presumed to be 3 seconds (3/3600 of an hour) for 
motor vehicles, i.e. every motor vehicle influences the bike riders in the collision zone 
for an average of about 3 seconds. Since traffic at a signalized intersection (as has 
been studied here) can only move during green, i.e. during approximately half the 
time, the intensity during this green time is roughly double of the volume per hour. 
This is regulated in the equation by multiplying the traffic volume by 2, which gives 
the probability function (p) the following form: 

p = ( l -e·<3t36oo • 2Q>) 

The correlation between the theoretical value of the exposure according to the formula, 
and the observed value from 200 of my 30-minute observations are shown in Figure 
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2: 14. The interactions include only situations between right-turning vehicles and bike 
riders on the bike crossing. 

Interactions as a function of exposure 
Exp= q x (1-exp(-3/3600x2Q)) 
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Figure 2: 14 Observed number of interactions between right-turning car drivers (Q) 
and straight-on riding cyclists (q) on through going bike paths, as a 
function of exposure calculated with the help of equation 11. 

Figure 2: 14 shows a rather good agreement between the theoretical value and the 
observed. The linear regression line through the origin has a slope (b) of O. 871. The 
correlation becomes worse with increasing exposure. The explanation for this is that 
equation 11 calculates the number of cyclists interacting, while the counts only show 
the number of interactions. It is more common that more than one bike rider is 
involved in an interaction at high volumes than low ones. For this reason, the 
function is decreasing. 

Interactions between bike riders on the through going bike path and left-turning 
vehicles, make the possibility of passage dependent on gaps in oncoming traffic. This 
makes equation 11 less appropriate for such a calculation, since the deviation from the 
Poisson assumption now becomes too great. The function can, however, be adjusted 
with some modifications. Figure 2: 15 shows the relationship between observed and 
calculated numbers according to equation 11, and the additional assumption that only 
a third of the green phase can be used for turning left, because of oncoming traffic 
(therefore the division by 3). The number of observation periods are, in this case, 
155. 
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Interaction as a funLtion of exposure, left turning vehlcles 
Exp= q x ((1-exp(-3/3600X2Q))/3) 
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Figure 2: 15 Observed number of interactions between left-turning car drivers (Q) 
and straight-on riding cyclists (q) on through going bike paths, as a 
function of exposure calculated with the help of equation 11. 

The given relationships show that "the number of possible events" can be estimated 
with acceptable accuracy with the help of this function. Measures of exposure such 
as the one in equation 11 have certain deficiencies. They assume that the arrival 
frequencies of motor vehicles follow the Poisson distribution. This assumption does 
not hold true for signalized intersections, since the signal accumulates traffic during 
the red phase. For signalized intersections, the probability that cars and cyclists will 
compete for the same space thereby becomes a greater percentage than the exposure 
measure originally gave. Accounting for this would mean a much more complicated 
mathematical description. This fact, together with the fact that different adjustments 
have to be made for different types of conflicts (e.g. with left-turning vehicles), means 
that I have rejected using this type of formula for estimating "the number of possible 
events". 

When comparing different lay-outs, the one with the smallest number of bicycle 
accidents should be recommended. This is the one where the average risk per cyclist 
is the smallest. The estimated number of bicycle accidents with injuries in relation 
to the number of bike riders is therefore a relevant measure for risk comparisons. 
Furthermore, the measure is easy to interpret. Considering the difficulties in 
estimating the potential number of collisions, I have chosen to use this measure for my 
comparisons. 

It is important to relate the average risk for the biker to the amount of car traffic, in 
order to compare places with varying traffic volumes. The measure "average risk per 
cyclist" should therefore be given as a function of the traffic volume. The volume of 
primary interest is the one that may come into conflict with the bike riders, i.e. the 
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flows that may collide with the bicycle flow being analyzed. Other traffic volumes can 
be included as well. It is therefore important to observe which flows are included in 
the comparisons. One countermeasure, for example, might mean that the cyclists 
become separated from a vehicle flow. If the average risk per cyclist is then 
compared to the case unseparated flow, "conflicting traffic volumes" must include the 
same flows in the two cases. If this is not the case, it must be clear which flows are 
included, so that correct conclusions can be drawn. 
Another relevant method of comparing cyclists' risk, is to relate the estimated injury 
accident frequency to the observed number of interaction situations. During the 
periods that parallel conflict and interaction studies have been carried out, I have 
chosen to show such risk comparisons as well. 

Earlier, it has been common to base risk analyses on the normative principle. 
Therefore, it has been of interest to test the relationship between this and the number 
of observed interaction situations for the 200 30-minute periods, using equation 10 in 
Section 2.5.2. In order to get the same size of exposure as of the number of observed 
interactions, I have multiplied the calculated exposure from equation 10 by 0.2. The 
result of this is shown in Figure 2: 16. 

Interactions as a function of exposure 
Exp= sqrt (q x Q) x 0.2 
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Figure 2: 16 Observed number of interactions between right-turning car drivers (Q) 
and straight-on riding cyclists (q) on through going bike paths, as a 
function of exposure calculated with the help of equation 10, multiplied 
by 0.2. 

With the modification of equation 10, a good agreement is obtained between the 
observed number of interaction situations and exposure. The purpose of the exposure, 
using the normative principle, is of course to standardize the influence of different 
traffic volumes, and not to try and estimate "the number of possible events" 
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(interactions). If, at the same time, there happens to be a good association with the 
number of interaction situations, it is no drawback. Therefore, risk comparisons with 
exposure calculated with the help of equation 10, might be at least as good as the ones 
based on equation 11. But equation 10 can, for theoretical reasons, not be used for 
calculating "the number of possible events", or interaction situations, since the formula 
can give a higher number of interaction situations than theoretically possible. If, for 
example, only one cyclist and 100 vehicles arri ve per hour, equation 10 gives an 
exposure of 10, while the number of interaction situations normally only can be one. 
The same exposure is obtained if there are 5 cyclists and 20 vehicles, or 10 in each 
category. 

2.5.5 Method for Calculating and Describing Risk 
Analyses of risk are based on simultaneous conflict studies and counts. The injury 
accident frequency of the period studied can be estimated with the help of the number 
and severity of the recorded conflicts (see Section 2.2.4). Since the number of cyclists 
has been counted, it is possible to estimate the average injury accident frequency per 
cyclist. 

Every day studied has been split into 30-minute periods, in order to describe how risk 
varies with traffic volumes. The assumption is that the traffic intensities are rather 
constant within each such period. Conflict studies usually cover 7 productive hours 
per day, i.e. 14 observation periods. Every period is usually studied for three days, 
with at least one conflict observer. This gives a total observation time of 90 minutes. 
Volume counts are customarily made during two of these days. Another observer is 
used for the counting. The following information is then obtainable: 

- total observation time 
- average number of vehicles/hour for each stream 
- average number of cyclists/hour for each stream 
- number of conflicts split into two severity classes. 

For each period, the number of bicycle injury accidents per hour is estimated with the 
help of conflict data and observation time. Using the number of passing bikers per 
hour, it is possible to calculate the injury accident frequency per cyclist during each 
period. In spite of three days of studies, no serious conflicts were recorded during 
most periods. This means that the estimated number of injury accidents during the 
period also becomes zero. This is one of the reasons why aggregated data is 
convenient to use. 

Another reason for aggregating is that the observation periods represent different 
amounts of cyclists and different numbers of observation hours. It should, therefore, 
be weighted in some way, so that every "observation" has the same importance in the 
comparison. In earlier studies, I weighed with respect to the length of the observation 
times. This has been functional, since the risks were estimated based on the normative 
principle, according to equation 10 in Section 2.5.2. The disadvantage of this 
procedure is that an "observation" might be based on only one cyclist, while another 
is based on several hundred. It is obvious that the accuracy of the estimated average 
risk per cyclist is higher for the latter site, even though the observation time there 
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might be shorter. For this reason, I have chosen to aggregate my observation periods 
in the way used by Brundell-Freij and Ekman in their analyses (Brundell-Freij, K. & 
Ekman, L. , 1990). This means that every observation is based on approximately the 
same number of cyclists. 

The aggregation has been done with the following procedure. In order to study the 
risk for a certai n bike stream at a certain lay-out, I have regarded all studies (of that 
lay-out) to be random observations of its influence on the risk. I disregard the 
existence of co-vary ing variables, and assume that if they exist, their influence lessens 
with increasing number of sites. In other words, I consider all observation periods to 
be of equal importan ce, and thereby possible to add together. 

The aggregation is done with respect to the intensity of conflicting vehicle volumes, 
i.e. the traffic flows that have a possibility of hitting cyclists. (In some analyses with 
respect to the number of bike riders, and in others with respect to the size of the 
calculated exposure.) I therefore arrange the observation periods in growing order 
with respect to this variable, so that the first observation is the period with the lowest 
vehicle volume, the second one has the second lowest et cetera. Periods next to each 
other have therefore approximately the same vehicle volumes. Thereafter, adjacent 
observation periods are added together, until I have obtained a specific minimum 
number of observed cyclists. 

Customarily, I have desired at least 300 cyclists in each accumulation (which coincides 
with Brundell-Freij and Ekman's recommendation). If I, for example, have 40 bike 
riders per hour in the first period, and this period has been observed for 120 minutes, 
thi-s data set includes 80 cyclists. Next period might include another 80 cyclists, and 
after four periods we might have reached 320 observed bike riders. Since this number 
is greater than the minimum of 300, the aggregation can be done. These four periods 
constitute one new "observation". The estimated injury accident frequency per cyclist 
can be calculated, just as the average volume of conflicting vehicles. Each such new 
"observation" can be shown in a diagram, where the vertical axis (Y-axis) represents 
the average risk of meeting with an injury accident per observed cyclist, and the 
horizontal axis (X-axis) the conflicting vehicle flow per hour (or as an alternative the 
bicycle volume or the calculated exposure). 

All of the above mentioned classifications and calculations are done by computer, with 
the software Lotus 1-2-3. The diagrams shown have also been fabricated with this 
program. 

To illustrate the method and reporting, I have chosen from Chapter 3 all the studied 
approaches which do not have bike paths. For these approaches, I will present how 
the average risk per cyclist has been calculated for straight-on going cyclists in the 
street, and how this risk varies with the volume of vehicles per hour entering the 
intersection. In this case, studies have been carried out at 40 approaches belonging 
to 14 different intersections. They are all signalized. The total observation time is 
578 hours. 67 serious conflicts involving straight-on going cyclists were recorded 
during this time. A total of over 18 600 such cyclists were observed. The number 
of observation periods before the aggregation was 427. This means that the average 
observation period is just over 80 minutes, and that an average of 44 cyclists pass by 
during such a period. Figure 2: 17 shows the result of the aggregation at a minimum 
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of 300 cyclists per calculation, which has given 50 dots (with an average of 372 
cyclists per calculation). The accumulations have been done so that only observations 
with similar vehicle volumes (during the green-phase of the cyclists) have been added 
together. The average risk, as a mean for all cyclists, is 5.9 x 10-7 injury accidents 
per cyclist, i.e. about one injury accident in 1. 7 million passing cyclists. 

Cyclists going straigh-on 
1-point average (about 300 cy/dot) 
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Figure 2: 17 Injury accident frequency for straight-on going cyclists mixed with 
vehicles in the street at signalized intersections, as a function of 
entering vehicle volumes during the common green-phase. 

The result of the displayed average risk per bike rider gives a rather muddled picture. 
In many cases, not a single conflict has been recorded for the 300 observed bike 
riders. These observation points get, of course, a calculated average risk of zero. In 
spite of the muffled result, a tendency can be seen. It is this tendency that is of 
interest at risk analyses at this detail level. 

In order to further clarify this tendency, I have carried out a trend analysis by 
calculating moving averages. The first observation point of a three-point average 
includes the first three values, and is the average of these. This observation point is 
based on a minimum of 900 cyclists. The next new point is calculated as the average 
of (old) point 2, 3, and 4. This means that two of the observation points are common 
to new point 1 and point 2. That explains the term 'moving' average. The third new 
point is the average of point 3, 4, and 5 and so on. Figure 2: 18 shows the trend 
analysis of the 50 observations shown in Figure 2: 17. 3-point averages have been 
used. (Observe that the scaling of the axes are somewhat modified.) 
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Cyclists going straigh-on 
3-point averages (about 900 cy/dot) 
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Figure 2: 18 Trend analysis of data in Figure 2: 17 with 3-point moving averages. 

Information is lost in the beginning and end of the graph, but at the same time the 
tendency of the material becomes much clearer. We have a peak in risk at a traffic 
volume of just under 400 entering vehicles per hour, and another top around 1,100. 
The latter top is based on only one observation point. Sometimes more than three 
observation points might have to be accumulated. Figure 2: 19 shows the result of 5- 
point moving averages based on the data of Figure 2: 17. These new points include 
a minimum of 1500 cyclists each. We can now identify more clearly a trend of 
decreasing average risk for bikers with increasing vehicle volumes. 

Cyclists going straigh-on 
5-point averages (about 1.500 cy/dot) 
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Figure 2: 19 Trend analysis of data in Figure 2: 17 with 5-point moving averages. 
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2.5.6 Reliability in Presented Measures of Risk 
Figure 2: 17 illustrates a variation in Y-value (risk) between individual observation 
points, even though these have similar X-values. This is natural, since the Y-value 
is based on Poisson distributed events that seldom occur. There is therefore a natural 
variation around a 'true' value. This variation might be rather great. To illustrate a 
confidence interval around the calculated Y-value might seem natural, but is very 
complicated to do. The calculations are based on observations of conflicts, that are 
estimates of the 'true' number of conflicts per time unit. Then, this value is converted 
into an expected number of accidents, based on two conversion factors, which in tum 
have different confidence intervals around their mean values. 

Instead of calculating confidence intervals, I have chosen to illustrate the accuracy of 
the risk measure through comparing the results of different random samples from the 
data set. I proceed from the example above, with straight-on going cyclists mixed 
with vehicle traffic. The total material covers 14 different signalized intersections. 
I have randomly taken three different samples among these, so that sample one and 
two consist of observations from five intersections each, while sample three includes 
only four intersections. 

32 serious conflicts were recorded in sample one. 7 100 cyclists passed by. Sample 
two covers 22 conflicts and 4 800 cyclists, while sample three covers 13 conflicts 
among 6 740 passing cyclists. The average risk per cyclist obviously varies 
considerably. The average risk for the whole material is as earlier presented (in 
Section 2.5.5) 5.9 x 10-7 injury accidents per cyclist. Sample one gives an average 
risk of 8.8 x 10-1, sample two 5.4 x 10-7, and sample three 3.3 x 10-1• The deviation 
from the common mean is up to almost 50 % . 

That the deviations are so large may be explained by the intersections being different, 
and this is of great importance to the risk for cyclists. One-lane approaches are 
included as well as two and three lane ones. The intersections also differ in many 
other ways, and the risk therefore also ought to vary. It is then quite natural that 
varying averages are obtained when a random division of the material is made. 

How the average risk varies with entering vehicle volumes for the three samples is 
illustrated in Figure 2:20 to 2:22. Both I-point values with a minimum of 300 
cyclists, and moving 5-point averages (with a minimum of 1 500 cyclists) are shown. 
At the bottom, in Figure 2:23, I again show the whole data set (as in last section). 
To facilitate comparisons, all graphs on the left have the same scale. This is true for 
the ones on the right as well. 
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Figure 2:20 Cyclists' risk as a function of exposure for sample 1, 1-point average 
and 5-point moving averages. 
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Figure 2:21 Cyclists' risk as a function of exposure for sample 2, 1-point average 
and 5-point moving averages 
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Figure 2:22 
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Cyclists' risk as a function of exposure for sample 3, 1-point average 
and 5-point moving averages 
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Figure 2:23 Cyclists' risk as a function of exposure for the whole data set, 1-point 
average and 5-point moving averages (same as Figure 2:17 and 2:19). 
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The figures giving the one-point values indicate that sample one, foremost, shows high 
risks at low volumes. Sample one and two have one observation each with relatively 
high risks at vehicle volumes around 1100. When adding these two samples together, 
these two observations happen to end up in the same new observation point. Aside 
from this value, the risk is rather constant, varying somewhat around the mean of the 
three samples. The figures showing 5-point moving averages show this as well, if we 
ignore observations from sample one, where the vehicle volume is below 500. 

The sampling shows that there is a certain diversity in the material. This might be 
caused by the fact that the data set is rather small, or by genuinely different risks. 
These would be caused by variables not accounted for in the aggregation. To analyze 
this, the material would have to be split into as homogeneous groups as possible. A 
division into many groups would, however, demand a larger data set. A well balanced 
decision with respect to accumulation size and lay-out variables can give a useful 
description of the risk for cyclists, and how this risk varies with the lay-out and the 
vehicle traffic volume. 

The main advantage with the moving average illustration is that the peaks of the Y 
variable are levelled. The trends are thereby shown more clearly. The disadvantage 
is that a certain extreme value (that may or may not be random) may still have a large 
influence. The example above showed that if there is one observation with high risk, 
this risk value is carried over into several averages, and gives a hump in the curve. 
Because of this, it is important not to draw too strong conclusions from solitary 
variations, unless these variations can be explained by results from other 
(complimentary) studies, such as studies of behavior. 

2.5.7 How Risk Varies with Exposure 
In Section 2.5 .5 (Figure 2: 17 to Figure 2: 19) we concluded that it seems as if the 
average risk for cyclists at signalized intersections has a tendency to decrease with 
increasing number of vehicles entering. This could be explained by bike riders being 
more careful when traffic is heavy than when it is light. The fact that the risk seems 
to increase again around 1100 vehicles, might be due to certain cyclists starting to take 
chances in order not to loose too much in traveling speed. However, as I mentioned 
earlier, the increase might be due to some completely different variable. The point 
in Figure 2: 17 with high risk around 1100 vehicles is based on only 5 observation 
periods (with a total of 8.5 hours of observations) from two intersections. There 
might be some specific condition at these two intersections, causing the high average 
risk for the bike riders. A third explanation would, of course, be that the high value 
is due to random variations. Similar relationships based on other data sets have, 
however, been published, e.g. in the draft version of TRAD-92 (Boverket, 1991). 

Figure 2:24 shows how the average risk of cyclists driving straight-on in a street 
lacking bike paths, varies with the volume of entering cyclists for the signalized 
intersections. Here, the observation periods have been ordered in graduated bicycle 
volumes before accumulations have been done (compare with Section 2.5.5). 
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Figure 2:24 Cyclists' injury accident risk as a function of entering bicycle volume, 
when riding straight through a signalized intersection lacking bike 
paths. 

The result shows a rather continuous decrease of cyclists' risk with an increased 
amount of bicycle traffic. The most probable explanation is that the more cyclists 
crossing, the more consideration from other road-user groups. Similar results have 
been acquired in other, completely independent studies at our department (Brundell 
Freij, K. & Ekman, L., 1990; Linderholm, L., 1990). Another study has shown that 
this relationship has not been caused by randomness (Brundell-Freij, K. & Ekman, L., 
1991). 

The tendency that the risk decreases with increasing bicycle volumes is much more 
self-evident than the one for increasing vehicle volumes. The average risk of cyclists 
per interaction situation should logically also decrease with increasing number of 
interactions per hour. This relationship is illustrated in Figure 2:25. The number of 
interaction situations is calculated with the help of equation 11 in Section 2.5.2. Then, 
the individual observation periods are ordered in increasing number of interactions per 
hour, before the accumulation has been done (compare with Section 2.5.5). 

The tendency is clear, even though the material shows incongruities around 20 and 40 
interactions per hour. A weakness with this comparison is, in this case, that the 
number of interaction situations has been overestimated. All of the vehicle volume 
included in the calculation is not at all conflicting with the bicycle flow in question. 
The comparison could, however, be regarded as relevant for this purpose. 

To make the analysis more complete, I also present the average risk per cyclist in 
relation to the traditional exposure measure, calculated with the help of equation 10 
in Section 2.5.2, i.e. the square root of the product of the number of cyclists and the 
number of vehicles, see Figure 2:26. These have been ordered according to increasing 
'exposure' (compare with Section 2.5.5), before the accumulation of the individual 
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observation periods. Here as well, there is a clear tendency of decreasing average risk 
with increasing exposure. 

Cyclists going straight-on 
5-pofnt averages (about 1.500 cy/dot) 
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Figure 2:25 Cyclists' average injury accident risk as a function of the number of 
interaction situations calculated with the help of equation 11, when 
riding through a signalized intersection lacking bike paths. 
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Figure 2:26 Cyclists' average risk as a function of the exposure calculated with the 
help of equation 10, at signalized intersections lacking bike paths. 

82 



Based on the same data set, I have in many ways been able to show that the average 
risk per cyclist in general decreases with increasing traffic or increasing exposure. It 
is therefore crucial that the exposure is controlled for when comparing different lay-out 
risks. 

2.6 Experiences and Attitudes 

2.6.1 Introduction 
The experiences of a road-user with respect to a traffic engineering detail can be 
separated into experience of aesthetics, function, and accident risk. These three 
different experiences together create an attitude towards the object. According to 
psychological and sociological sciences, one should expect a relationship between an 
individual's attitude towards an 'object' and the likelihood of how he will deal with 
situations (his behavior) that are connected to this object (Swedner, H., 1978). 

When we change traffic engineering details, the aim is usually to try to modify the 
behavior of the road-users. However, experience shows that often the behavior is not 
changed in the direction intended. It is, therefore, valuable information to know the 
opinions of road-users with respect to aesthetics, function, and perceived risk. This 
can help explain why a traffic engineering detail does not work in the way anticipated. 

Earlier, I pointed out the importance of taking the experienced risk into account 
(Section 1.3.1 and 2.5.2). Of course, a great many difficulties arise for authorities 
responsible, if they have to weigh quantitative measures of objective risk (such as 
those presented in last section) against citizens' experiences of what is dangerous. 
Sometimes, there is no good correlation between what individuals experience as risk 
and quantitative measures of it (TFB, 1986: 18). But, what is experienced as a 
dangerous traffic situation or environment is rather constant within the road-user 
population, irrespective of driving experience and habit of passing the site (TFD, 
1982:9). This can be interpreted to mean that road-users are more attentive, and take 
greater care, in situations and environments that are experienced as dangerous. This 
leads to fewer accidents than otherwise would have been expected. 

The results showing relationships between injury accident frequency per cyclist and 
entering vehicle volume (presented in Section 2.5.7), demonstrates that the risk 
decreases with increasing volumes. This could be explained by cyclists being more 
careful when the traffic situation is perceived as more complex and threatening. One 
then concludes that in order to keep the accident frequency low, the traffic 
environment should be designed so that it is experienced as dangerous by the users. 
However, this is in conflict with our other ambitions for the system. We do not want 
road-users to drive around being frightened. It has also been shown that, for example, 
older people often forego traveling for fear of meeting with an accident (Stahl, A., 
1986). This is an undesired effect. Designing the traffic environment, therefore, is 
often a dilemma between the goal of feeling safe and acquiring low accident numbers. 

In public debate, it is often important to get an appraisal of the users' attitude toward 
technical traffic measures. Sometimes, the "silent majority" is mentioned, a frequent 
occurrence in traffic circumstances. Often, changes in the traffic system are debated 
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in the local media. Here, people get a chance to speak out. Certain standpoints may 
get disproportional coverage in such a debate, and thereby thought common. This 
may, in turn, influence future decisions. An objective study of road-user opinion 
should, consequently, be carried out as early as possible after changing a traffic 
engineering lay-out. The result of such a study might be an important input in the 
debate, and of use in future decisions. 

Studies of road-user experiences and attitudes, as well as of other concerned people, 
are often a good complement to other investigations covering function and safety. It 
is important to be aware that experiences and attitudes change over time. A negative 
attitude can be changed into a positive one, given a chance to get used to the new. 

2.6.2 Measuring Methods 
Different methods of measurement for estimating an individual's experience and 
attitude have been developed within the psychology and sociology fields. Some of 
these have been used in the traffic area. For example, road-users' experience of risk 
can be measured through physiological methods (heart rate, sweating, et cetera) or 
through specially developed psychological estimating methods {TFD, 1981: 1). 
However, these are normally too complicated to be of use when evaluating traffic 
engineering measures, where this study is only a complement to others. 

Usually, an individual's attitude and experience are studied with the help of interviews 
or questionnaires. There are several varieties of methods. Interview studies can be 
done over the telephone or face to face (direct interview). There are pros and cons 
to ·these methods, and the aim and size of the investigation governs the choice of 
method. The relevance of the study also depends on how the questions are formulated 
and asked. I have chosen not to focus on these problems. Instead, I would like to 
refer to literature in the field, e.g. "Sociologisk metodik" (Rosengren, K-E. & 
Arvidsson, P., 1983). 

Three different types of interview techniques can be distinguished with respect to 
standardization and structuring (Fasth, E., 1976), i.e.: 

- the structured standardized interview 
- the unstructured standardized interview 
- the unstructured nonstandardized interview. 

A standardized interview means that the same questions are given to all subjects, and 
that they are given in the same order. Structuring means that the questions have a 
communicative precision, so that the subject is led to answer within a certain frame. 
Structured questions usually have fixed answers to choose between. 
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2.6.3 Choice of Method 
Choice of method varies when investigating the experiences and attitudes of road 
users. Aim as well as resources are of importance. If traffic engineering lay-out 
details are to be studied, as in this case, I recommend direct interviews at the site. 
We have used this method extensively at our department. Road-users are stopped just 
after they pass the place of interest. The questions are asked on the spot. 

The advantage with this form of interview is the direct contact with the subject. This 
increases the probability of getting an answer, and makes certain that the question has 
been understood. The interviewer has a possibility of clarifying questions that are 
unclear. Another advantage is that the answers can be related to the behavior of the 
road-user at that site, since the interviewer can observe the behavior just prior to the 
interview. 

The disadvantage with direct interviews on site is, foremost, that it requires a lot of 
time and therefore gives fewer usable answers than using a telephone interview 
technique or questionnaires. Furthermore, if motorists are to be interviewed, 
cooperation with the police is required for stopping them. 

The formulation of the questions is very important. They have to be simple and easy 
to understand to facilitate the interview. Therefore, the structured standardized 
technique is the most appropriate. This is also the fastest to evaluate. If more 
complicated questions are to be asked, without fixed alternatives to check off, the 
subject should be asked to accompany the interviewer to a nearby situated indoor 
place, for example in a caravan. Here, answers can be given in a more relaxed 
atmosphere. The interview can be recorded on tape, for later analysis. 

A lot could be said about investigation methodology and interview techniques for 
cataloging the experiences and attitudes of the road-users. The purpose of the account 
given here is to illuminate the reader about the potential use of interviews with road 
users and other people influenced by traffic. These can be an important basis for the 
evaluations, e.g. of traffic engineering lay-out details. I will not go into detail about 
how these interviews should be designed, but refer to the literature mentioned above. 

2.7 Interpretation of Investigation Results 

It is possible to distinguish between methodological and substantial interpretation of 
research results (T0I, 1989). The methodological one embodies interpretation of the 
method used in the investigation. The substantial embodies the context in the results. 
If the methodology used cannot be accepted, the results have to be rejected. For this 
reason, it is important to always describe the methodology used together with the 
results. 

The quality of the methodology used may vary. From a statistical standpoint, the 
experimental before and after study is to be preferred. It is very seldom that a study 
of a traffic engineering intervention can be planned in this way. One reason for this 
is that road administrations are not interested in investing in countermeasures at sites 
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that already function well. The choice of experimental places, therefore, will not be 
random. The number of sites that have to be studied will also be very great, if an 
effect of for example 20% is to be observed and verified (see Table 1: 1 in Section 
1.3.2). Therefore, non-experimental methods are common in the traffic field. Thus, 
the influence of the design of the study has to be scrutinized and evaluated. 

Rather significant differences in the measure of comparison have to be obtained to get 
statistically significant results when comparing two alternative lay-outs. The recorded 
number of accidents is usually too few to be a good measure for such a comparison. 
The sampling technique also leads to regression-to-the-mean effects, as well (see 
Section 1.3.2). Studies based on the number of accidents therefore often lead to 
interpretation difficulties. One advantage of using indirect measures, such as conflicts, 
behaviors, or interactions, is that these techniques are usually regression-free. The 
sites to be studied are not selected because of these variables. However, the places 
may still not be typical of the type of places they are supposed to represent. This 
means that the results cannot be generalized. 

Also, studies that have been planned in a statistically correct way may give 'peculiar' 
results. Finnish studies of the effect of lowering speed limits repeatedly showed an 
accident increase (Salusjarvi, M., 1981). This contradicted the original hypothesis. 
More thorough analysis showed that the more severe accidents decreased, while the 
slight ones increased. Further analysis showed that the slight accidents decreased 
during good weather and road conditions, while they increased during bad periods. 
The whole increase could be explained by this increase during bad conditions. The 
explanation could be seen when the speeds were analyzed. The mean speed had 
decreased during fair conditions, but increased during bad ones. 

A result should always be explained. If the result cannot be explained it lacks most 
of its value. Random chance may be the cause, even when highly significant results 
have been obtained. The Finnish study shows the importance of combining different 
types of surveys in the same study. Then, results obtained can be interpreted and 
given a substantial value. 

An important basis for my investigation methodology is to combine different types of 
results. Together they may give a credible result and make it possible to verify a 
hypothesis. It is not always the absolute differences presented that are most significant 
for a comparison. The uncertainty in these estimates are often great. It is the trends 
and the relationships that should be the guide. Every single result should be 
substantiated by another investigation. Then, the result gets an adequate substantiated 
value. 
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3. Results From the Applied Studies 

3.1 Introduction 

I have applied the methodology of evaluation, described in Chapter 2, to studies of 
pedal cyclists' safety at signalized intersections. Four traffic engineering lay-out 
details have been investigated. They are: 

- position of bike path through the intersection 
- pulled back stop line for motorists 
- bike crossings being painted blue 
- diagonal crossing for cyclists 

Two of the investigations are before and after studies, one as a comparative study, and 
one as a "function study", i.e. the evaluation aims at finding out whether the counter 
measure functions in an acceptable way. The investigations are of varying size, both 
with respect to the number of evaluation components used and with respect to the 
number of places included. In one of the investigations, all components described in 
Chapter 2 have been employed, while interviews with road-users are lacking in the 
other three. 

The second generation of the conflict technique has been applied in all the studies. 
This is the one I helped develop (Section 2.2.2). I have described the practical use 
in Section 2.2.4. The definition of a serious conflict is the same as the one used in 
the first generation (Hyden, C., 1976). This has been presented in Section 2.2.1. The 
conversion factors used for estimating the number of police reported injury accidents 
are the ones I produced, presented in Table 2: 11 in Section 2.2.2. 

Studies of interaction between road-users are carried out with the methodology 
described in Section 2.4.3. An interaction takes place when two road-users demand 
the same area at the same time. The interactions between car drivers and bike riders 
are judged by a classification into four types. 

In total, 67 approaches at 17 intersections have been studied. At eight intersections, 
a total of twelve approaches have been studied twice, i.e. before and after a modified 
technical traffic lay-out. Nine out of the seventeen intersections are located in Malmo; 
two each in Stockholm, Gothenburg, and Lund; while one intersection from Vaxjo and 
one in Skelleftea have been included. The size of each study varies from a minimum 
of 10 hours of conflict and behavior studies, to a maximum of 26 hours. The sum of 
conflict studies amounts to 1 165 hours. 
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3.2 Location of Bike Paths at Signalized Intersections 

3.2.1 Background 

Bike roads and bike paths are built with the aim of separating bike riders from car 
traffic. This separation becomes complete only if the places where the bike net and 
the car net intersect are separated. Driveways, entrances and exits from lots and 
parking places that cross the bike path would be avoided. Complete separation at 
intersections could be acquired through bridges and tunnels. However, these are 
expensive and difficult to find room for in built up city areas. This has often lead to 
car traffic and bike traffic intersecting without physical separation, when the bike net 
has been expanded. Some places have been partly separated through signalization. 

There have been different opinions expressed by planners and engineers as to how bike 
paths should pass through intersections to minimize accident risks. Clarifying this has, 
therefore, been an interesting research task. This is also true for comparing accident 
risks for cyclists passing through intersections with bike paths, with that of similar 
intersections lacking bike paths all together. 

3.2.2 Design of Investigation 
This investigation has been limited to studying and comparing the circumstances of 
signalized intersections. The lay-outs are classified in three principally different 
groups. These are illustrated in Figure 3: 1. The first group consists of bike paths that 
are unbroken through the intersection, i.e. they continue all the way to the 
intersection, so that the cyclists may come into conflict only with turning vehicles 
during the same green phase. This lay-out is the only one possible if the bike path is 
a two-way one. Here, the cyclist rides either with the car traffic on the 'right' side 
of the road, or against the car traffic (alternative la and lb). 

The second principal lay-out group consists of intersections where the bike path 
connects to the car traffic just prior to the intersection. This can be achieved in two 
ways. One is to let the cyclists be carried from the separated bike path, and be mixed 
with the car traffic a short distance before the intersection. A special segment is left 
for the cyclists. In some cases this is painted as a bike lane (alternative 2b). The 
second alternative is to let the curb separate the bike path from the car lane all the way 
up to a meter or two before the intersection (alternative 2a). The cyclists can, with 
this lay-out, get into conflicts also with straight-on going car traffic of the same 
direction. This cannot happen with lay-out alternative 1. 

The third and last group of principal lay-out lacks bike path, and the bike riders are 
steered to the same area as other vehicles. A certain subdivision is done with respect 
to the number of lanes of the approach. 
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Figure 3: 1 Three principally different lay-out alternatives with respect to bike 
traffic through signalized intersections. 

The design of the study is a comparison between cyclists' risks and behaviors at three 
alternative lay-out types. The selection of approaches is made after discussions with 
personnel at each city's office of public works. The accident rates of the intersections 
were then unknown. The criterion for selecting intersections was primarily to include 
intersections of type 1 and 2, with considerable volumes of cyclists, and with 'normal' 
signal function. This means that the signal would not have special functions, or be 
peculiar in any way. Approaches with lay-out type 3 have been included, among the 
intersections selected. Approaches of lay-out type 3 have been included for other 
reasons as well--for example, before studies of approaches where the stop line was 
later moved back (described in Section 3.3). Approaches that have lay-out type 1 
embrace those that later were painted blue (described in Section 3.4). Furthermore, 
a few studies from earlier projects are included (Linderholm, L., 1984). 

Conflict studies have been carried out at all the sites during the full period of 
observation, while traffic counts and studies of behavior usually have been limited to 
part of the time period. Some sites have been video filmed during two or more days. 
Counts and studies of behavior were obtained at these sites from the video tapes. At 
the other locations, manual field studies were carried out on site. 
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The area observed at each intersection is limited to the inner area, and about 15 meters 
into each approach is included. At some approaches, lacking unbroken bike paths, 
studies have included a stretch of about 100 meters leading up to the intersection. 
The observations of this stretch have been carried out by separate personnel, and not 
by the ones observing the inner part of the intersection. 

3.2.3 Studied Approaches 
This study comprises analyses of 57 approaches to 15 intersections. Enclosure A, 
Table A: 1 describe these with respect to lay-out type, duration of observation periods, 
and when the studies were carried out. The table also shows which studies were based 
on video films, and which approaches were studied for the extended 100 meter 
stretches. Table 3: 1 gives a summary, showing the number of sites studied, and the 
total observation times for conflict studies of different lay-out alternatives. 

Table 3: 1 The number of approaches studied, and the number of observation 
hours of different lay-out alternatives described in Figure 3:21. 

Lay-out of approach Studies of the intersection Extended studies of the approaches to 
(Figure 3: I) the intersection (I 00 meters) 

Number of Number of hours Number of Number of 
places places hours 

Alternativ I a ('right' side) 9 159 - 

b ('wrong' side) 7 Ill - 

Alternative 2 a (curb) 3 52 - 

b (painted line) 6 93 2 16 

Alternative 3 a (I lane) 6 96 2 32 

b (2 lanes) 17 247 5 67 

c (3 lanes) 9 113 2 20 

I All I 57 I 871 I II I 135 I 

The total duration of the conflict studies amounts to 1 006 hours (871 + 135). 45 % of 
the time has been spent on lay-out alternative 3; 27% on alternative 1; and 15 % on 
alternative 2; while 13 % has been assigned to the 100 meter approaches. 

3.2.4 Traffic Volumes 
The observation times are divided into intervals of 30 minutes. Every such period, 
e.g. between 7.30 and 8 AM, has been studied for more than one day. Traffic 
volumes have been counted during a minimum of two days for each interval, and the 
average flow has been used in the analyses. Enclosure A, Table A:2, shows the 
mean, and the maximum and minimum values for each interval with respect to 
entering volumes of motor vehicles and cyclists for each approach. Table A:3 of 
Enclosure A, shows the volumes for those approaches where extended approaches have 
been included. 

90 



Not a single study has included a recorded conflict involving a right-turning cyclist. 
It seems as if right-turning cyclists are subject to very low risks of involvement in 
injury accidents, irrespective of the lay-out of the intersection. For this reason, the 
number of right-turning cyclists has been omitted from the comparisons of the inner 
parts of the intersections. This means that these have also been excluded in the 
presented number of cyclists entering the intersection. However, these cyclists have 
been included in the analyses of the extended approaches. Table 3:2 shows the mean 
traffic volumes entering per hour of observation, for each lay-out alternative. 

Table 3:2 Traffic volumes classified according to lay-out alternative described in 
Figure 3:1. 

Lay-out of approach Average traffic volumes per hour Average traffic volumes per hour for the 
(Figure 3: 1) through the intersection extended studies of the approaches (100 

meters) 

Number of Number of Number of vehicles Number of 
vehicles entering cyclists entering during the cyclists entering 
during the green- entering in the green-phase in the approach 
phase approach' 

Alternative 1 a ('right' side) 760 61 - - 

b ('wrong' side) 950 68 - - 

Alternative 2 a (curb) 1330 17 - - 

b (painted line) 650 37 610 99 

Alternative 3 a (I lane) 710 42 640 39 

b (2 lanes) 490 42 600 53 

c (3 lanes) 810 45 1210 28 

I All I 730 I 47 I 700 I 51 I 
1 
- Not including right-turning cyclists 

In total, around 41 000 passing cyclists have been observed. The bicycle flow is, in 
average, somewhat larger at the sites with lay-out alternative 1, and somewhat smaller 
at lay-out alternative 2, compared to the mean flow of all places. 

3.2.S Route Choice and Red-Running Behavior Among Cyclists' 
For many reasons it may be of great importance to know how the construction of a 
new bike path influences the route choice of cyclists at an intersection. When an 
engineer is planning a bike path, he usually assumes that cyclists follow the intentions 
of the design, e.g. that the cyclists use the bike path, and that they undertake 'correct' 
left-turns ("the long turn"). But, often totally unexpected and inappropriate behaviors 
appear. That means that-contrary to the intention=the lay-out has created greater 
accident risks for the cyclists. The geometrical lay-out, however, is not the major 
factor of influence on the route choice of cyclists. Local circumstances, such as access 
to desired places, are of greater importance. The differences between two 
intersections with similar lay-outs may therefore be substantial. 
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Left-turning cyclists. 
Figure 3:2 illustrates the four types of left-tum that are common at intersections. 
Table 3:3 shows the results from studies of left-turning choice, carried out at 
intersections with different lay-outs. The table also shows red-running frequencies. 
The shares shown are the averages from the places studied. The studies consist of a 
total of 450 hours of observation. This means, in average, just less than four left 
turning cyclists per hour. Lay-out alternative 2a has been excluded due to the small 
number of observations. 

4 

I I 
I I 
I I 
I I 

7 
1 

0 
I 

Figure 3:2 

Table 3:3 

Different types of left-tum behavior 

Lay-out Number Number Share of cyclists with turning choice Share 
alternative of places of cyclists alternative, according to Figure 3:2 (%) against 
(Fig 3:1) observed observed red (%) 

1 2 3 4 nus. E 

la 4 397 17 0 13 63 7 100 1 
2b 3 356 82 2 - 5 11 100 0.5 
3a 3 87 86 9 - 5 0 100 2 
3b 14 533 82 3 - 10 5 100 1 
3c 9 369 93 1 - 1 5 100 1 

Turning choice and red-running frequencies among cyclists 

mis. = other left-tum behaviors, e.g. left-tum on pedestrian cross-walk 

It can be assumed that irrespective of lay-out, about one percent of all cyclists making 
a left-tum does so on red. The share of cyclists making a "long turn" (turning choice 
4 according to Figure 3:2) is, of course, the greatest at lay-out la. But, this turning 
choice is not uncommon for the other lay-outs either. It is remarkable that, at lay-out 
la, no less than 37% of the cyclists make a type of left-turn that is not intended. One 
out of six rides in the street (turning choice 1), and one out of eight goes diagonally 
through the intersection (turning choice 3). At intersections lacking bike paths, "the 
short tum" is the most frequent, even at intersections where this seems to give great 
difficulties, i.e. at large intersections (3c). 
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Interviews with left-turning cyclists. 
The figures above give rise to the question: What is decisive for a left-turning 
cyclist's turning choice? Is it the circumstances or a trained behavior? Is it the 
feeling of danger that guides? The only way of getting an answer to this question was 
to interview left-turning cyclists. 

Such an interview study was carried out at two intersections, one in Lund and one in 
Malmo. The cyclists were supposed to make "the long turn" at both intersections 
(turning choice 4 according to Figure 3:2). Bike riders were stopped and questioned 
just after they had turned left. The interviewer also noted the behavior of the cyclist 
and the traffic conditions (volumes) at the time. During the interview, a number of 
questions were asked relating to the signal function and markings on the pavement. 
The questionnaire is shown as Enclosure B. 

The study became very time consuming. This was partly due to the small number of 
left-turning cyclists, and partly due to a high portion of them not being interested in 
answering any questions. It took two days at each place to get 86 interviews. The 
small number, and the large resistance to being interviewed, mean that the results have 
to be interpreted with a certain care. 

The most interesting result is that four out of five bike riders stated that they turn in 
the same way every time at that intersection. However, it turned out that 20% of 
these had made a different type of left-tum than they claimed almost always to make. 
Still, most people make their left-tum according to habit, and not according to the 
traffic situation at hand. Sweepingly, we can conclude that 60 to 80% of cyclists 
make the left-tum in the same way every time. 

It is possible that an individual biker typically passes the intersection at about the same 
time every day, and that the traffic situation then is about the same (same volumes). 
This would be the reason for choosing a certain behavior, e.g. that the "long turn" is 
more prevalent during heavy volumes, and the 'short' one during times when there are 
no cars present at the intersection. If this is the case, the share making the long turn 
should be over-represented during "heavy volumes". A classification of the interviews 
with respect to how the left-tum was carried out is presented in Table 3:4. There does 
not seem to be any support for this hypothesis. This might be due to the small data 
set. But based on what the cyclists claimed earlier, the traffic situation does not seem 
to play a dominant role in the choice of turn. 

Table 3:4 Share of different left-turns used in different traffic situations. 

Type used (according to Number Share of type used in specific traffic situation 
Figure 3:2) of obser- 

vations Heavy Low Odd cars No cars Sum 
volume volume 

Long turn (4) 33 27% 49% 18% 6% 100% 
Medium long turn (2,3) 15 7% 46% 40% 7% 100% 
Short turn (I) 22 18% 73% 9% 0% 100% 
Others 16 6% 88% 6% 0% 100% 
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73 % of the bike riders interviewed say that they carried out the left-tum in the safest 
possible way. Out of these, a quarter used the short turn (turning choice 1) or 
medium turn (choice 2 or 3). Three out of the 33 making the long turn did not think 
of this behavior as being the safest one. 

30% of the bikers feel unsafe or scared during the left-tum. These are evenly 
distributed between the different turning categories. Percentage wise, more women 
than men feel unsafe or scared. The average age among the men expressing an unsafe 
feeling or fear, is 12 years higher than other men. This age discrepancy cannot be 
found among the women. 

More than half of those interviewed considered the bicycle signal display to be located 
at an inappropriate spot. The signal was hard to see, since the bike rider had often 
waited in front of, or adjacent to the display, instead of behind it. A display on the 
other side of the street or on the central island was often proposed by the riders 
interviewed. Two out of three making the long turn, obeyed the bicycle signal by 
observing the bicycle signal display. The others looked at the vehicle or pedestrian 
display. Approximately, every forth biker thinks that the push-button is misplaced. 
One reason for the dissatisfaction is that one has to pass the stop line with the front 
wheel in order to reach the push-button. 

No less than 71 % of those interviewed considered it advantageous to have painted 
symbols on the pavement indicating how to make the long turn. One out of three 
claimed to have changed behavior (with respect to the left-turn) since these symbols 
were painted. Out of these, 60% said that they had switched to the long turn, while 
the rest had switched to another type of left-turn. This indicates that minor physical 
interventions can be used in modifying the turning choice at an intersection. 

Straight-on going cyclists 
The crossing choices normally made by straight-on going cyclists are illustrated in 
Figure 3:3. Table 3:5 presents their choices at the studied intersections, classified 
according to lay-out alternative. 

c===i c::=:::::J I i I i 
c===i c::=:::::J I I I I 
c===i c::=:::::J I I I I 
c===i c::=:::::J I I I I 

I I I 

I 
3 1 2 3 1 2 

Figure 3:3 Alternative crossing choices for straight-on going cyclists. 
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Table 3:5 Frequency of crossing choice and red-running for straight-on going 
cyclists at different lay-out alternatives. 

Lay-out Number Number Percentage of cyclists using crossing choice Percen- 
alternative of sites of cyclists alternative (according to Figure 3:3) tage 
(Figure studied observed against 
3:1) red 

1 2 3 E light 

la 4 2073 2% 98% 100% 3% 
lb 4 1792 5% 95% 100% 6% 
2b 3 1344 93% 5% 2% 100% 0% 
3a 2 456 98% 2% 0% 100% 1% 
3b 11 2959 95% 4% 1% 100% 1% 
3c 8 1715 99% 1% 0% 100% 0% 

Between two and five percent of the cyclists going straight-on do not use an existing 
bike path. Instead, they ride in the car lane among the vehicles. At places lacking 
straight-through going bike paths, approximately the same share uses the sidewalk and 
crosswalk to avoid riding among the cars. This share is somewhat greater at sites 
having a bike path leading up to the intersection (alternative 2), than at those lacking 
one (alternative 3). The frequency of red-running is three to six percent for cyclists 
on straight-through going bike paths, while this frequency is one percent or less at 
sites lacking bike paths all together. 

Right-turning cyclists 
It is of less interest how physical design influences turning choice among right-turning 
cyclists. Lay-out alternative la gives a better protection for these cyclists. But, even 
cyclists in the car lane are hardly exposed to any conflicting vehicle flows at the 
intersection. No conflicts been recorded, either. Red- running frequency is rather 
high among right-turning cyclists from the car lane. Approximately one out of ten 
rides against red. An even higher share passes by the red light by riding or walking 
the bike on the sidewalk. 

3.2.6 Cyclists' Risks 
The number of conflicts recorded that involves cyclists are shown for each approach 
in Enclosure A, Table A:2. This also shows the number of hours observed, and the 
estimated number of injury accidents for this time period. Furthermore, the estimated 
injury accident frequency per cyclist passing is also calculated. Enclosure A, Table 
A:3 presents corresponding figures for the approaches that have been studied in an 
additional 100 meters leading up to the intersection. In total, 207 serious conflicts 
were recorded during the 1 006 hours observed. 

The material gathered can be analyzed in different ways. Here, three different ways 
of comparing risks will be presented. In the first two, the average risk for a cyclist 
is presented for each lay-out alternative. The basis for the calculations has been 
varied, which turns out to give somewhat different results. In the third comparison, 
a more detailed risk analysis is made. Here, other important factors influencing the 
risk of cyclists are included. It is primarily the results from this third comparison that 
are used for drawing conclusions. 
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Comparison 1. 
One of the foundations of the risk comparisons is to "add together" all intersection 
approaches with the same lay-out alternative (according to Figure 3: 1), and consider 
them as one approach. Such an accumulation shows that the risk for a cyclist meeting 
with a conflict is the same for alternative 1, 2 and 3. However, if conflict severity 
is taken into account, the result is different. The estimated injury accident frequency 
per cyclist is presented in Table 3:6 for the accumulated material. A presentation 
including and excluding the red-running cyclists is given in the same table. 

Table 3:6 Estimated injury accident frequency per entering cyclist for different lay 
out alternatives. 

Lay-out Number Num- Average traffic Excluding conflicts with Including conflicts with red- 
altema- of sites ber of volumes/h • red-running cyclists running cyclists 
tive obser- hours 
(accor- ved obser- 
ding to ved Vehic- Cyc- Num- Injury Injury Num- Injury Injury 
Figure les lists ber of acc. acc. ber of acc. acc. 
3 :1) con- freq. freq. con- freq. freq. 

flicts per per flicts per per 
hour cyclist hour cyclist 
X JO·' X 107 X JO·' X 107 

la 9 159 760 61 51 5.2 8.6 52 5.4 8.9 
lb 7 111 950 68 42 5.6 8.2 46 6.4 9.4 

I 16 270 840 64 93 5.4 8.4 98 5.8 9.1 

2a 3 52 1330 17 11 3.4 20.2 12 3.6 21.3 
2b 6 93 650 37 10 2.1 5.6 10 2.1 5.6 

2 9 145 900 30 21 2.5 8.6 22 2.6 8.8 

3a 6 96 710 42 20 3.8 9.0 21 4.1 9.8 
3b 17 247 490 42 40 2.8 6.8 41 2.9 6.8 
3c 9 113 810 45 13 2.6 5.8 13 2.6 5.8 

3 32 456 620 43 73 3.0 6.9 75 3.1 7.1 

For the 11 135 700 51 12 1.8 3.4 12 1.8 3.4 
appro.•• 

• At lay-out alternative 1-3, entering vehicle volume to the intersection refers to the green phase, and entering bicycle flow 
excludes right-turning cyclists. For the approach leading up to the intersection, the total amount of entering vehicles is included 
as well as right-turning cyclists. 

- To be added to lay-out alternative 2b and 3. 

The table shows that the estimated injury accident frequency, including the ones 
running against red, for lay-out alternative la is in average 9 .1 x 10-7 per cyclist. The 
frequency 10 x 10-7 means one police-reported injury accident per million passing 
cyclists. The risk per cyclist is somewhat higher when the bike path is on the wrong 
side of the parallel vehicle traffic (alternative lb), than on the right side (alternative 
la). 

Lay-out alternative 3 has an average of 7.1 x 10-7 injury accidents per cyclist at the 
intersection, and an additional 3.4 x 10-7 at the approach. This gives a total injury 
accident frequency of 10.5 x 10-7 per entering cyclist. Within alternative 3 there is a 
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great variation of risk. The smaller the intersection, the higher the risk per cyclist. 

It is harder to calculate an average risk for alternative 2. For alternative 2b, there is 
an additional risk due to the approach prior to the intersection ((5.6+3.4) x 10-7 = 9.0 
x 10·1). Alternative 2a should not be given this addition. The average risk for 
alternative 2, the weighted average of 2a and 2b (with respect to number of observed 
cyclists for each alternative), becomes 11.5 x 10-7 injury accidents per entering 
cyclist. This average is increased because of a relatively high risk for alternative 2a. 
However, the average of alternative 2a is based on observations from only three sites, 
out of which one has a very high risk. The average for alternative 2a therefore has 
to be regarded with great caution. Lay-out alternative 2b has the lowest risk per 
cyclist, if only the intersection itself is considered. If adding in the approach, 
alternative 2b and 1 get approximately the same risk. Table 3:7 shows the relative 
injury accident risk per cyclist using this type of analysis. 

Table 3: 7 Relative risk per cyclist (including the 100 meter approach leading up to 
the intersection), for different lay-out alternatives. The average has been 
calculated with respect to the risk for each individual cyclist. 

Lay-out alternative (according to Figure 3: 1) 

la lb 1 2a 2b 2 3a 3b 3c 3 

Relative 
risk per 0.98 1.03 1 (2.34) 0.99 1.26 1.45 1.12 1.01 1.15 
cyclist 

In total, 8 conflicts were recorded with red-running cyclists. The estimated number 
of injury accidents during the period of observation is 174 x 10-5• Based on known red 
running frequencies (Table 3:3 and 3:5), the total number of red-running cyclists can 
be estimated at about 980. This means that the average risk for a red-running cyclist 
becomes 17. 8 x 10-7• The average risk for a green-riding one is 7. 7 x 10-7• In other 
words, the red-running cyclist takes an average risk 2.3 times higher than the ones that 
go with green. 

Comparison 2. 
An alternative base for the analysis is to assume that the estimated injury accident 
frequency per cyclist and intersection is a random sample of all intersections with that 
lay-out. It is then possible to get averages of the estimated injury accident frequency 
for the studied intersections with a given lay-out type. Such a calculation of averages 
should take into consideration that all intersections have not been observed for the 
same length of time. The accuracy of the estimated frequency ought to depend on 
how long observations have been carried out. Table 3: 8 presents the calculated 
average frequencies and their standard deviations for each lay-out alternative. 
Furthermore, new averages are presented excluding the one intersection with the 
highest injury accident frequency for each lay-out alternative. The purpose of this 
procedure is to neutralize, at least partly, the fact that the sample of intersections was 
not random, and that intersections with certain known problems were selected. 
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Table 3:8 The average estimated frequency of injury accidents per cyclist at 
intersections with different lay-outs. 

Lay-out The average estimated frequency of injury The average estimated frequency of injury 
alternative accidents per cyclist at intersections with accidents per cyclist at intersections with 
(Figure 3: I) different lay-outs (including all approaches different lay-outs (excluding the approach with 

studied) the highest estimated value) 

Number Average injury The standard Number Average injury The standard 
of places accident deviation of of places accident deviation of 
observed frequency x JO·' the average observed frequency xl0-7 the average 

risk X 107 risk x 10-7 

la 9 11.7 7.7 8 9.9 6.2 
lb 7 20.4 18.7 6 12.3 6.4 

I 16 15.3 14.0 14 10.8 6.4 

2a 3 20.5 13.6 2 6.9 - 
2b 6 12.6 14.4 5 5.8 5.9 

2 9 15.4 14.6 7 6.1 5.2 

3a 6 14.0 15.8 5 7.9 7.8 
3b 17 5.8 4.6 16 5.2 4.2 
3c 9 8.4 8.1 8 6.2 4.4 

3 32 8.1 9.5 29 6.0 5.2 

For the II 3.5 4.8 10 2.3 2.7 
approacb " 

"To be added to lay-out alternative 2b and 3. 

As can be seen in Table 3:8, the average injury accident frequency often drops 
considerably when the approach with the highest value is excluded. To exclude these 
"extreme values" may be a proper measure here for getting a more just comparison. 
The standard deviations show that there is a great variation in the estimated injury 
accident frequency per cyclist within each group of intersections. On the one hand, 
this is natural since so few observations are included for each alternative. On the 
other hand, we cannot close our eyes to the fact that this indicates that factors other 
than the studied lay-out might be important for the result. 

Comparisons excluding the extreme values show that the risk per cyclist in average is 
the lowest for lay-out alternative 2. The average value for the intersections included 
is for alternative 2 calculated as: (2 x 6.9 + 5(5.8 + 2.3))x 10-717_ This gives a total 
average injury accident frequency of 7.8 x 10-7 per cyclist. Lay-out 3 gets a risk of 
8.3 x 10-7 injury accidents per cyclist (6.0 + 2.3). Alternative 1 gets a risk of 10.8 
x 10-7, almost 40% higher than alternative 2. This method of analysis gives a different 
result from the one presented earlier. Table 3:9 gives the relative injury accident risks 
per cyclist, using this alternative method. 
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Table 3:9 Relative risk per cyclist (including the 100 meter approach leading up to 
the intersection), for different lay-out alternatives. The average has been 
calculated with respect to the risk of each individual intersection. 

Lay-out alternative (according to Figure 3: 1) 

la lb 1 2a 2b 2 3a 3b 3c 3 

Relative 
risk per 1.27 1.58 1.38 (0.88) 1.04 1 1.31 0.96 1.09 1.06 
cyclist 

Comparison 3. 
The frequencies of injury accidents per cyclist, presented in Table 3:6 and 3:8 are 
rough averages. They relate the accident numbers only to the total number of cyclists 
entering the intersection and do not take into account, for example, the percentage of 
left-turners. This would be of no importance only if the percentage turning was 
approximately the same at all intersections. The amount of cars entering the 
intersection has not been accounted for, and neither has the fact that the risk per 
cyclist may decrease with an increasing number of cyclists ( see Section 2. 5. 7). A 
more thorough analysis with respect to these factors should therefore be done. 

I start with analyzing the risk among straight-on going cyclists. Table 3: 10 shows the 
estimated injury accident frequencies per straight-on going cyclist for each lay-out 
alternative, the number of cyclists observed, and the number of conflicts recorded as 
a base for this estimate. Red-running cyclists are separated. 

Table 3: 10 Estimated injury accident frequency for straight-on going cyclists at 
intersections with different lay-outs (according to Figure 3: I). 

Lay-out Number of Number of conflicts recorded Estimated injury accident frequencies per 
alternative cyclists cyclist x 10·' 
(according to observed 
Figure 3:1) Excluding red- Including red- Excluding red- Including red- 

running cyclists running cyclists running cyclists running cyclists 

la 9.400 49 50 8.1 8.5 
lb 7.500 42 46 8.3 9.5 

I 16.900 91 96 8.2 8.9 

2a 850 10 10 17.2 17.2 
2b 3.000 8 8 5.0 5.0 

2 3.850 18 18 7.7 7.7 

3a 3.350 13 14 8.1 9.1 
3b 9.100 33 34 5.9 6.0 
3c 4.300 9 9 3.7 3.7 

3 16.850 55 57 5.7 6.0 

For the 6.000 8 8 2.1 2.1 
approach• 

• To be added to lay-out alternative 2b and 3. 
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Lay-out alternative 3 has an estimated average injury accident frequency per straight 
on going cyclist, including red-running ones, of 8.1 x 10·7 (6.0 + 2.1). The average 
value for alternative 2 becomes 9.3 x 10-1, when weighted based on the number of 
observed bike riders, and with the addition of the risk for the 100 meters prior to the 
intersection. On the straight-through going bike path, placed on the wrong side with 
respect to traffic direction (lb), the risk for a cyclist going straight-on is about 10% 
higher than if the bike path were on the correct side. The highest safety is obtained 
through lay-out 2b and 3c. The relative injury accident risk for straight-on going 
cyclists is presented in Table 3: 11 for this analysis. 

Table 3: 11 Relative risks for straight-on going cyclists (inclusive of the 100 meters 
prior to the intersection) for different lay-out alternatives. The average 
risk has been calculated with respect to the risk for each individual 
cyclist. 

Lay-out alternative (according to Figure 3: 1) 

la lb 1 2a 2b 2 3a 3b 3c 3 

Relative 
risk per 1.05 1.17 1.10 (2.12) 0.88 1.15 1.38 1 0.72 1 
cyclist 

As was pointed out in Table 3:6, there is a certain discrepancy between the vehicle 
volumes for the different lay-out alternatives. The co-variance between conflicting 
vehicle volume and risk is presented in Figure 3:4 for lay-out la and lb. Conflicts 
involving red-running cyclists are excluded here, because normally these would not 
be able to get in conflict with the same vehicle streams as the green-riding ones. On 
the X-axis (independent variable) it is, in other words, the conflicting vehicle volume 
during the green phase that is indicated. How the risk varies with the bicycle volume 
is illustrated in Figure 3:5. Here too, only the risk for green-riding cyclists is 
presented. In both figures, it is the 3-point moving average that is illustrated (see 
Section 2.5.5). 

As is shown in Figure 3:4, there seems to be a tendency that the risk per cyclist 
increases with increasing vehicle volumes up to around 200 conflicting vehicles per 
hour for both lay-out alternatives. Thereafter, the risk seems to decrease until around 
250 conflicting vehicles. Up to this point, the risk seems to be about the same for 
both alternatives. At higher flows, the risk seems to decrease further for alternative 
la, while it increases for alternative lb. 

According to Figure 3:5, the risk per cyclist has a tendency to vary with the bicycle 
volume for alternative la as well as for alternative lb. The risk seems to be 
somewhat higher for alternative lb than la. Therefore, most likely, the observed 
differences between lay-out la and lb presented in Table 3: 10 do not depend on 
different volumes of conflicting vehicles or on different bicycle volumes, but mostly 
on the influence of the lay-out (see also Table 3:6). 

100 



Cyclists going straight-on on a bike path 
Lay-out 1a (squaresJ and 1b (circlesJ 
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Figure 3:4 Estimated injury accident frequency per straight-on going cyclist 
(excluding the red- running ones) as a function of conflicting vehicle 
volume, at intersections with lay-out according to alternative la 
(squares) and lb (circles) (according to Figure 3: 1). 
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Figure 3:5 Estimated injury accident frequency per straight-on going cyclist 
(excluding the red-running ones) as a function of entering bicycle 
volume, at intersections with lay-out according to alternative la 
(squares) and lb (circles) (according to Figure 3: 1). 

Figure 3:6 and Figure 3:7 illustrate how the estimated injury accident frequency for 
Fstraight-on going cyclists varies with conflicting vehicle volume and bicycle volume 
or alternative 2b. I have not presented corresponding relationships for alternative 2a, 
since the number of observed cyclists was very low. The estimated injury accident 
frequency per cyclist is rather low, in average 5. 0 x 10-7• The tendency is that the risk 
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per cyclist decreases with increasing conflicting vehicle volume as well as with 
increasing bicycle flow. If we want to make comparisons with alternative 1, the risk 
of the approach (100 meters) should also be included. This gives an average injury 
accident frequency per straight-on going cyclist of 7 .1 x 10-1, i.e. an average risk of 
about 20% less than for alternative la. 
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Figure 3:6 Estimated injury accident frequency per straight-on going cyclist 
(excluding the red- running ones) as a function of conflicting vehicle 
volume, at intersections with lay-out according to alternative 2b 
(according to Figure 3: 1). 
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Figure 3:7 Estimated injury accident frequency per straight-on going cyclist 
(excluding the red- running ones) as a function of entering bicycle 
volume, at intersections with lay-out according to alternative 2b 
(according to Figure 3: 1). 
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Figure 3:8 and 3:9 illustrate corresponding relationships for alternative 3a, 3b, and 3c. 
The estimated injury accident frequency per straight-on going cyclist varies rather a 
lot within alternative 3. In average, the risk is the double at one-lane approaches 
compared to three-lane ones. These differences would, based on the results presented 
in Figure 3:8 and 3:9, be explained by large differences in risk for conflicting volumes 
below 400 vehicles/hour. This in tum may be explained by the fact that cyclists feel 
that they can control situations better at small intersections than in larger ones, as long 
as the volumes are not too high. Then the cyclists would take greater risks. 

The practical similarities between straight-on going cyclists in alternative 2b and 3 is 
that they are mixed with vehicle traffic before the intersection. This contrasts to what 
is attempted with alternative 1. Here, the road user categories are separated all the 
way to the intersection itself. If we now assume that all differences between these two 
groups presented are random with respect to the lay-out, we can combine the whole 
material into two principally distinctive lay-out groups: separated (la + lb) and 
unseparated (2b + 3) up to the intersection. 

The average estimated injury accident frequency per straight-on going cyclist 
(including red-running ones) is for alternative 1 8.9 x 10·7 (see Table 3: 10). Lay-out 
2b and 3 have risks around 5. 9 x 10·7 for the intersection itself. Adding on the risk 
of the approach, the average becomes 8.0 x 10·7 (5.9 + 2.1), i.e. 10% less than for 
alternative 1. 

Figure 3: 10 and 3: 11 illustrate how the estimated injury accident frequency varies with 
the amount of conflicting vehicles and with the number of entering bicycles. 
Separated and unseparated lay-outs are distinguished. Here, the 7-point moving 
averages are shown (see Section 2.5.5). Conflicts involving red-running cyclists have 
been omitted. It should also be observed that the number of conflicting vehicles are 
fewer for alternative 1, when the total volumes are the same, since the bike riders here 
have become separated from certain vehicle streams. 

A conclusion from Figure 3: 10 and 3: 11 is that for lay-out 1, the risk per cyclist 
increases with increasing volumes of conflicting vehicles, while for lay-out 2b and 3 
the risk per cyclist seems to be independent of the vehicle volume. On the other hand, 
the risk per cyclist seems to decrease with an increased number of cyclists entering 
when they ride in the street (lay-out 2b+ 3). If there is a continuous bike path going 
through the intersection (lay-out 1), the risk seems less dependent on bicycle volume. 
The bicycle volume has, in average, been about 50 % larger at lay-out 1 than 2b + 3 
(see Table 3:6). Taking this into account would mean that the differences in average 
risk between these lay-out alternatives would be greater at any given volume, than the 
previously concluded 10% for straight-on going cyclists. 
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Figure 3:8 Estimated injury accident frequency per straight-on going cyclist 
(excluding the red-running ones) as a function of conflicting vehicle 
volume, at intersections with lay-out according to alternative 3a 
(squares), 3b (circles) and 3c (triangles) (according to Figure 3: 1). 
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Figure 3:9 Estimated injury accident frequency per straight-on going cyclist 
(excluding the red- running ones) as a function of entering bicycle 
volume, at intersections with lay-out according to alternative 3a 
(squares), 3b (circles) and 3c (triangles) (according to Figure 3: 1). 
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Cyclists going straight-on 
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Figure 3: 10 Estimated injury accident frequency per straight-on going cyclist 
(excluding the red- running ones) as a function of conflicting vehicle 
volume, at intersections with lay-out according to alternative 2b + 3 
(sqeares) and 1 (circles) (according to Figure 3: 1). 
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Figure 3: 11 Estimated injury accident frequency per straight-on going cyclist 
(excluding the red-running ones) as a function of entering bicycle 
volume, at intersections with lay-out according to alternative 2b + 3 
(squares) and 1 (circles) (according to Figure 3: 1). 

The estimated injury accident frequency per left-turning cyclist is shown in Table 3: 12 
for the different lay-out alternatives. These estimates are based on few observations 
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(conflicts), which means that the accuracy of the estimates is low. In average, only 
4 left-turning cyclists were observed per hour. No observations have been made for 
alternative la. Here, a left-turning cyclist, making the long turn, is assumed to take 
the double risk of a straight-on going one (see Table 3: 10), since they are registered 
as straight-on going across two approaches. 

Table 3: 12 Estimated injury accident frequency per left-turning cyclist at different 
lay-out alternatives according to Figure 3: 1. 

Lay-out Type of left- Number Number of conflicts recorded Estimated injury accident frequencies 
alter- tum of cyclists per cyclist x 10·7 
native observed 
(Figure Excluding Including Excluding red- Including red- 
3:1) red-running red-running running cyclists running cyclists 

cyclists cyclists 

la the long tum - - - 16.2. 17.0 • 
diagonally 180 2 2 37.7 37.7 

2a average of all 50 I 2 67.8 87.0 
2b average of all 390 2 2 11.2 11.2 

2 average of all 440 3 4 17.6 19.8 

3a average of all 460 7 7 19.9 19.9 
3b average of all 1190 7 7 13.8 13.8 
3c average of all 770 4 4 17.6 17.6 

3 average of all 2420 18 18 16.1 16.1 

In the average of all 730 4 4 15.1 15.1 
appro. - 

• Assumed to be twice the risk of going straight-on 
- To be added to lay-out alternative 2b and 3. 

The injury accident frequency for left-turning cyclists at type 2b and 3 becomes in 
average 15 .4 x 10-7 for the intersection including red-running ones. Adding on the 
risk for the approach, the total frequency becomes 30.5 x 10-7 (15.4 + 15.1), i.e. 
almost the double that of making the long turn at alternative la. 

An estimate can be obtained of the average risk for all left-turning cyclists from 
approaches with lay-out alternative la, if we assume that cyclists choose their turn in 
average as shown in Table 3:3, and that the average risk for the ones making the short 
turn, and other types of turns, is the same as for alternative 2b and 3, i.e. 30.5 x 10-1• 
This average risk then becomes (see percentages in Table 3:3): 

(0.17 X 30.5 + 0.13 X 37. 7 + 0.63 X 17.0 + 0.07 X 30.5) X 10-7 = 22.9 X 10-7• 

The injury accident frequency for left-turning bike riders is, in other words, in average 
about 25 % lower at alternative la than at 2b and 3. If all cyclists' make the long left 
tern at alternative la, the average risk would be about 45 % lower. 

Figure 3: 12 and 3: 13 illustrate how the risk for left-turners, excluding red-running 
ones, varies with conflicting vehicle volume and entering bicycle volume for lay-out 
alternative 2b and 3. The risk per cyclist is high as long as the number of left-turners 
is small. They are also subject to high risks when the conflicting vehicle flows are 
low or high compared to when the flow is moderate. During low flows, this can be 
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explained by less attention being paid by the cyclists. During high flows the 
explanation may be more complicated traffic conditions, and that they take higher risks 
to keep a certain travelling speed. 
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Figure 3: 12 Estimated injury accident frequency per left-turning cyclist (excluding 
the red-running ones) as a function of conflicting vehicle volume, at 
intersections with lay-out according to alternative 2b + 3 (according to 
Figure 3: 1). 
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Figure 3: 13 Estimated injury accident frequency per left-turning cyclist (excluding 
the red-running ones) as a function of entering bicycle volume, at 
intersections with lay-out according to alternative 2b + 3 (according to 
Figure 3: 1). 
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3.2. 7 Interactions and Simultaneous Conflicts 
The interaction between straight-on going cyclists and turning cars arriving at the same 
time at the intersection has been studied at 21 approaches for a total of 236 hours. 
The road-user interactions have been classified into four types in accordance with the 
method described in Section 2.4.3. Simultaneously, serious conflicts were recorded. 
Table 3: 13 presents the results of these studies covering right-turning vehicles. Table 
3: 14 gives corresponding results for left-turning vehicles. 

Table 3: 13 Interactions and simultaneous conflicts involving straight-on going 
cyclists and right-turning vehicles at different lay-out alternatives 

Lay-out Number Number Number Percentage of Num- Conflicts 
altema- of sites of hours of inter- interactions of type • her of per inter- 
tives studied observed actions con- action 
(Figure recorded flicts 
3:1) CdE CdL CyE CyL 

la 6 84 529 68% 10% 15% 7% 27 0.05 
lb 5 66 725 68% 7% 19% 6% 19 0.03 

1 11 150 1255 68% 8% 18% 6% 46 0.04 

2b 3 28 74 75% 5% 14% 6% 6 0.03 
3 7 58 151 79% 5% 11 % 5% 1 0.01 

2b+3 10 86 325 77% 4% 14% 5% 7 0.02 

• C_dE = the car driver yields to the cyclist at an early stage 
CdL = the car driver yields to the cyclist at a late stage 
CyE = the cyclist yields to the car driver at an early stage 
CyL = the cyclist yields to the car driver at a late stage 

Table 3: 14 Interactions and simultaneous conflicts involving straight-on going 
cyclists and left-turning vehicles at different lay-out alternatives 

Lay-out Number Number Number Percentage of Num- Conflicts 
altema- of sites of hours of inter- interactions of type . her of per inter- 
tives studied observed actions con- action 
(Figure recorded flicts 
3: 1) CdE CdL CyE CyL 

la 6 84 111 49% 20% 27% 4% 8 0.07 
lb 5 66 224 67% 15% 14% 4% 10 0.04 

1 11 150 335 61 % 17% 18% 4% 18 0.05 

2b 3 28 114 86% 3% 12% 0% 1 0.01 
3 7 58 148 68% 11 % 18% 3% 3 0.02 

2b+3 10 86 262 76% 7% 15% 2% 4 0.02 

Turning motorists are supposed to yield for straight-on going cyclists. With respect 
to this, the interaction works worse for alternative 1 than for 2b or 3. At a straight 
through going bike path (alternative 1), in average 24 % of the right-turning drivers do 
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not yield to a cyclist. Among left-turners the corresponding figure is 22 % . When the 
cyclist rides in the street (alternative 2b and 3), the corresponding shares are about 5 % 
lower, i.e. 19 and 17% respectively. More than double the share of motorists do not 
yield until a late stage in alternative 1 compared to 2b and 3. 

At lay-out 1, between 4 and 5 % of all interactions end up becoming serious conflicts. 
At alternative 2b and 3, the corresponding share is 2 % . This difference is, with 95 % 
probability, not random. 

3.2.8 Conclusions and Comments 
To plan the bike path parallel to and a short distance from the street through the 
intersection creates certain problems, especially for straight-on going cyclists. This 
study shows that the conditions for good interactions between motorists and cyclists 
are partly lost. When the road-users are to share space and take consideration of each 
other, the double share of interactions end up being serious conflicts, when cyclists are 
riding on the bike path, as compared to being in the street. I can see three logical 
explanations for this. First, the through going bike path makes it harder for the car 
driver to observe the cyclist in time. Second, it is extra hard to be observant of 
cyclists in two directions. The third reason is that the bike riders on the bike path do 
not have enough preparation for a situation of their route suddenly being crossed by 
a vehicle. They are not prepared to interact, since they come from an environment 
free of vehicle conflicts. 

How much greater is the risk for a cyclist at a signalized intersection when they ride 
on· a bike path compared to in the street? This is a question that is hard to answer in 
a general way. This investigation shows that it depends on: 

- percentage of red-running cyclists 
- percentage of left-turning cyclists 
- in what way the left turn is made 
- bicycle volume 
- conflicting vehicle volumes 

Besides the issues above, the method of analysis is important for the results. This is 
confusing when trying to compare different investigations with one another. I will 
comment on this later. I will start here with commenting on the gravity of running 
red lights. 

Normally, about 1 % of all cyclists run red lights. Usually this occurs just after the 
light has turned to red, or just before it is to turn to green. In spite of this, the 
average injury risk is 2.3 times higher for cyclists that ride against red compared to 
those who have a green light. It is especially the straight-on going cyclists on straight 
through going bike paths that have high red-running frequencies--three to six times 
higher than for cyclists riding in the street. Maybe the accident risk is not quite as 
high for the ones who run lights from the bike path as for those doing it in the street. 
But the large difference in frequency does contribute to increasing the differences in 
average risk per cyclist in favor of the mixed traffic, compared to if only green riding 
ones were embraced. 
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In the intersection itself, the injury accident frequency of the straight-on going cyclist 
is, in average, about 50% higher on the straight-through going bike path (8.9 x 10-7) 
than in mixed street traffic (5.9 x 10-1). Taking the risk of the approach (2.1 x 10-1) 
into account as well, reduces the difference to about 10%. With the bike path on the 
wrong side of the parallel traffic in the same direction the risk increases further. The 
difference of being on the other side is 10% for the straight-on going cyclist (9.5 
versus 8.5 x 10·7). 

I It is interesting to observe that the risk for a cyclist in mixed traffic does not seem to 
increase considerably with increasing volumes of conflicting vehicles. There is a 
tendency for such an increased risk for bikers on separate bike paths. Another 
important conclusion is that the injury accident frequency per cyclist is somewhat 
lower in the street with mixed traffic than on the bike path, at a given bicycle volume. 
Furthermore, the risk per cyclist in the street seems to decrease with increased number 
of cyclists; on the bike path, the risk seems to be independent of bicycle volumes. 
This can be interpreted to mean that the more common cyclists are in our streets, the 
more considerate the motorists become. This increased consideration can probably not 
be obtained if the cyclists ride on the bike paths. The above alleged difference of 10% 
for straight-on going cyclists is therefore too low, since the average bicycle volume 
was higher on the bike paths than it was in the streets with mixed traffic. 

At intersections with straight-through going bike paths, left turning cyclists are 
supposed to make the long turn. The risk of making this left-tum is presumably about 
the same as that of a left-turner in mixed street traffic at the intersection itself. 
However, the risk of getting involved in an injury accident for this latter cyclist in the 
approach to the intersection is, in average, the same as at the intersection. The total 
risk thereby becomes the double for the one making the left-tum in mixed street 
traffic, as compared to the one making the long turn from a bike path. However, even 
if there is a through-going bike path, not all cyclists use it for making the long left 
tum. More than one in three make a different type of left-turn. Some make a 
diagonal tum, which is extra risky. This means that the average risk for a left turning 
cyclist becomes about 25 % lower at intersections with bike paths, than at intersections 
with mixed traffic. 

In summary, the accident risk for a straight-on going cyclist is, in average, lower in 
mixed traffic, while a left-turning cyclist has lower risk at intersections with through 
going bike paths. If we disregard the existence of right-turning cyclists, it then 
becomes possible to calculate how large a share of left-turners is needed in order to 
improve the safety by installing bike paths. The estimated injury accident frequency 
is in average 8.0 x 10-7 per straight-on going cyclist in mixed street traffic (lay-out 2b 
and 3), and 8.5 x 10-7 with a through-going bike path on the right side (lay-out la). 
The left-turners have an average frequency of 30.5 x 10-1 in mixed traffic, and 22.8 
x 10-7 where there is a bike path. The equation system to be solved is: 

(8.0 x st + 30.5 x left) = (8.5 x st + 22.8 x left), 

this gives st = 15 .4 left, i.e. the risk is equal if the number of left-turners is about 6 % 
(1/15.4) of the straight-on going. If the share of left-turners is greater than 6%, bike 
paths would improve the safety. 
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If cyclists going in the opposite direction are considered as well, the calculation will 
also depend on the share of right-turners from the opposite direction (for lay-out lb). 
Let us assume that we want to compare the risk of cyclists in both directions following 
two alternatives. We either have a straight-through going two-way bike path on one 
side of the street, or the cyclists ride in the street (mixed with cars). We then get the 
following equation (if we assume the number of cyclists crossing the street from the 
'opposite' direction [i.e. right-turners] is the same as the number of left-turners from 
the bike path in the 'right' direction; and the average risk of the right-turners is the 
same as for cyclists going straight-on on the bike path in the 'right' direction, i.e. 8.5 
X 10·7): 

2 x (8.0 x st + 30.5 x left) = (8.5 x st + 22.5 x left) + (9.5 x st + 8.5 x left), 

which gives st = 15 left, i.e. the risk is equal if the number of cyclists turning is 7% 
of the number going straight-on. If the share turning is greater, straight-through going 
bike paths are to be preferred. 

If we, in the same way, compare alternative 2b (bike lanes through the intersection) 
with alternative 1 (straight-through going bike paths), the first equation becomes: 

7.1 x st + 26.3 x left = 8.5 x st + 22.8 x left, 

which gives st = 2.5 left, i.e lay-out 2b is to be preferred until the number of left 
turning cyclists reaches 40% of the number going straight ahead. If including cyclists 
in both directions, this equilibrium is reached at 18 % left-turners at the intersection. 
This material includes fewer observations, and therefore the comparison is less exact. 

We know that between 60 and 80 percent of the left-turns are always made in the same 
way (Section 3.2.5). Perhaps a campaign of intensive and persuasive information about 
risks, and other things, could achieve 100% use of the long turn for left-turns. Then 
the bike path would be a safer alternative to mixed street traffic, as long as the 
number of cyclists turning left is less than 4 % of the number going straight ahead. 
When comparing lay-out 2b to 1, more than 15 % left-turners is required to make the 
bike path safer in total ( 14 % if both directions are included). 

There is a contradiction in the fact that the accident risk per cyclist decreases with 
increased bike traffic volumes in mixed street traffic. On the bike path, the risk seems 
rather constant. The paradox is then that bike paths are built where the bike flows 
are high. Furthermore, the risks are less dependant 'on the size of the conflicting 
vehicle volume when they ride in mixed street traffic, than when they ride on bike 
paths. 

An interesting result is that the injury risk per cyclist is higher at narrow one lane 
approaches (lacking bike paths) than at two and three lane ones. This holds true for 
straight-on going cyclists as well as left-turners. The explanation for this might be that 
the cyclists feel that they are in better command at the small intersection, and therefore 
take greater (calculated or unintentional) risks. This is supported by the fact that the 
risk per cyclist is often higher at low or moderate vehicle flows than at high ones. 
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How trustworthy are the results from this investigation? The main weakness is that 
this is a comparative study, not a before and after study. Many conditions that might 
influence the results are thus not controlled. The great difference in average risk per 
cyclist within one specific lay-out type, indicates that such factors exist (Table 3: 8). 
Furthermore, the sites are not chosen randomly. The extent to which this influences 
the results is hard to judge. 

Another factor to consider is that a different basis for the analysis may lead to a 
different result. I have used the individual bike rider's risk as the basis. The average 
risk has been calculated as the mean over all cyclists within each lay-out type. This 
means that the intersections with most cyclists have the greatest influence on the 
results. If we instead compare the average risk for each intersection, the results are 
somewhat different. Since my interest has been to see how the risk varies with the 
bike and vehicle volume, it has been more appropriate and natural to base the analysis 
on the risk of the individual bike rider. 

There have been quite a few other studies on bike path positioning. In the report 
"Methods of Combining Results of Different Studies--Applied to Cyclists' Safety" 
(Garder et al, 1991), 19 investigations (most of them Scandinavian) are reviewed. The 
purpose of this project has been to use Bayes technique for combining results from 
different investigations in order to get a better estimate of a measure's safety effect. 
In the Bayesian technique, the premise is the opinions expressed by experts, then the 
results of the different investigations are successively added on. 

Out of the 19 reviewed investigations, only four could be used. One of these showed 
a positive safety effect for installing a bike path, while the other three showed negative 
effects. The results presented in this report, though at that time unpublished, were one 
of the four. The other 15 studies could not be used because faulty methodology had 
been applied, or because bike volumes were not counted or estimated. 

The result of this combination indicates that the most likely effect of building a bike 
path is that the risk, within the intersection itself, increases with 40 % per cyclist 
passing. The probability that the effect is the opposite, that the risk is reduced, is very 
small (about 2 % ). But, since this result is based mostly on comparative studies, the 
authors reason that the risk increase has probably been overestimated. This means that 
the probability that the 'true' effect is an accident reduction is greater than 2 % . 

The fact that the results can vary from study to study is natural, but may be frustrating 
non-the-less. Earlier, I have published results (Linderholm, L., 1984) that show 
greater differences than revealed here in cyclists' risk when comparing two-way bike 
paths to mixed traffic. The most likely explanation to these differences is probably 
that the risk estimates have been done in different ways and with different measures 
of exposure. In this work, I point at some factors that influence the risk for a cyclist, 
and therefore may contribute to different investigation results. Besides these factors, 
there may be a great number of others that influence the risk, but are difficult to 
include in evaluation studies. 

Most dissatisfying, is when two investigations lead to completely contradicting results. 
Different conclusions will be drawn with respect to a factor of interest. One example 
is a Danish study (Rosbach, 0., 1986). He found that the injury accident risk for 
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cyclists aged 7 to 15 does not change when a through- going bike path is built. For 
older cyclists, the injury accidents increased with 50 % . Rosbach speculates that the 
difference may be due to young cyclists being more careful than older ones. Another 
investigation of biking child safety (Leden, L., 1988) found that through-going bike 
paths are by far the most dangerous lay-out for school children. Signalized ones are 
especially dangerous. A lot is asked of the reader, to be able to interpret the 
differences in these results, and analyze how they were obtained. I myself, have 
somewhat greater faith in the latter study, since bicycle exposure has been included 
in it. 

My study presented here includes only signalized intersections. The interested reader 
will naturally ask if these results also hold true for non-signalized intersections. The 
answer is that the conditions at non-signalized intersections are different, but that the 
problems seem greater there too with through-going bike paths. The greatest problem 
seems to be accidents between vehicles entering from the minor road and cyclists in 
the 'wrong' direction on the bike path. This type of conflict does not usually arise at 
signalized intersections. 

Based on the results I present in this investigation, and all other investigations carried 
out in this area, some recommendations have to be given. I propose the following 
general guidelines: 

build one-way bike paths 

terminate the bike path just before the intersection, and have the cyclists use a 
bike lane (for these last 30 meters) 

if the left-turning bicycle volume is greater than 20% of the straight-on going 
volume, the bike path should be continued through the intersection, so that the 
left turning ones make the long turn. 

3.3 Pulled Back Stop Line for Motor Vehicles at Signalized 
Intersections 

3.3.1 Background 
At signalized intersections, cyclists in mixed street traffic often stand close to cars 
while waiting for the green light. The cyclists are then exposed to relatively high 
pollution counts from car exhaust. This may be very annoying. One possibility for 
improving the conditions of these waiting cyclists is to pull back the stop line for the 
motor vehicles a few meters, while the cyclists still stop at the old line. It is 
preferable if a bike lane is created next to the curb at the same time, so that the 
cyclists can easily reach their waiting position. 

The hypothesis was that this would also promote bicycle safety, since they get to be 
out in front of the vehicles. The visibility of the cyclists increases, and they get a few 
meters bonus at the changing to green. This might lead to cyclists being less 
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susceptible to 'elbowing' and so forth. This measure should therefore warrant safety 
studies. 

3.3.2 Approaches Studied 
Experiments with pulled back stop lines were carried out together with the local road 
administrations of Stockholm, Malmo, and Lund. These cities were willing to pay for 
the measure if it was evaluated. The traffic engineers in each council selected 
appropriate intersections. A criterium was that the intersection would have to have 
heavy bicycle volumes and enough motor traffic. 

In Stockholm, the intersection Odengatan-Roslagsgatan was chosen. Three of the 
approaches got pulled back stop lines. At three other intersections, one approach was 
studied. These were at Amiralsgatan-Drottninggatan and Fridhemstorget 
Regementsgatan in Malmo, and Tunavagen-Tornavagen in Lund. 

Two different varieties of pulled back stop lines were tested, see Figure 3: 14. For one 
of the types, the stop line of the vehicles was pulled back approximately a car length, 
and the bike lane along the curb continued past the previous stop line (alternative 1). 
Left-turning cyclists are here supposed to wait in the vehicle lane. For the other type, 
the bike lane "opens up" after the pulled back stop line, creating a protected zone for 
the cyclists to wait in (alternative 2). This also enables the left-turning cyclists to get 
out in front of the vehicles. 

At the intersections in Lund and Malmo alternative 1 was chosen, while the three 
approaches of the Stockholm intersection obtained alternative 2. 

Alternative 1. Alternative 2. 

Figure 3: 14 Lay-out alternatives of pulled back stop line for motor vehicles 
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3.3.3 Study Design 
The investigation was designed as a before and after study. In Lund, the before study 
was carried out 1981/82. The other approaches were studied in 1984. All after 
studies were carried out in 1985 during climate periods corresponding to the before 
periods. The field studies covered each approach between 7.30 AM to 5 PM, for two 
to four days. In the before studies, field studies were carried out for a total of 90 
hours with 2 to 4 observers simultaneously. The after studies were comprised of 80 
hours. For four of the approaches, not only the intersection itself, but also the 100 
meters up to the intersection were studied. The characteristics of some of the 
approaches, together with the observation times and vehicle volumes, are shown in 
Enclosure C, Table C: 1 . 

Conflict studies have been carried out for the full observation period. Traffic counts 
have been taken of traffic flows of interest during at least one day. Cyclists' route 
choices and stopping behavior have also been studied, together with studies of 
interactions between cyclists and motorists. A small study of motorists' stopping 
behavior and travelling times has also been carried out. The purpose with this latter 
study was to examine whether motorists were delayed by the pulled back stop line. 

Not a single conflict was recorded involving a right-turning cyclist. It seems as if 
right-turning cyclists have very small risks of meeting with injury accidents, regardless 
of the positioning of the stop line. For this reason, the numbers of right-turning 
cyclists have been excluded from comparisons of risk within the intersections 
themselves. This means that these are not included in the bicycle volumes presented. 
However, they are included where the section leading up to an intersection has been 
studied. 

3.3.4 Changes in Traffic Volumes 
As can be seen in Table C: 1 in Enclosure C, the total bicycle volume is unchanged 
between the before and after studies. The vehicle volumes decreased by about 5 % . 
The variation between the different approaches is considerable. For one of the sites 
(Amiralsgatan in Malmo), this is caused by changes in the traffic management plans 
between the before and after studies. 

Not only are the changes in the approach of interest, but vehicle flows in the opposite 
approach are also of importance for cyclists' safety at signalized intersections. Table 
3: 15 shows the changes in bicycle flows in the studied approach and the change in the 
total vehicle volume during the green phase. 
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Table 3: 15 Changes in percent of traffic volumes between the before and after 
studies. 

Odengatan-Roslagsgatan Amiralsg.- Fridhemst.- Tunavagen- In total 
Drottningg. Regementsg. Tomaviigen 

south-north east-west south-north south-north east-west 

Bicycle volume -5 % (south) 
in studied +8% (east) -6% (south) +50% (north) -10%(east) 0% 
approach 1 -5 % (north) 

Vehicle volume 
during the +3% +5% -7% -10% +7% -2% 
parallel green 
phase 

1 Excluding right-turning cyclists 

In total, the changes in traffic volumes are relatively minor between the before and 
after periods. For some of the approaches the changes are relatively big, though. 

3.3.5 Differences in Stopping Behavior 
How the bike riders took advantage of the possibility of stopping in front of other 
vehicles during the red light was studied at all intersections. As can be seen in Table 
3: 16, a larger share of the cyclists stop in front of the vehicles at alternative 2 than 1, 
90% and 76% respectively (column 3+4). The reason for this difference is not only 
the fact that left-turning cyclists are supposed to stop at the pulled back stop line at 
alternative 1, but also because there was a greater reluctance among the cyclists in 
Malmo and Lund to take advantage of this new possibility than among the Stockholm 
cyclists. Furthermore, there was a relatively large number of cyclists obstructed by 
vehicles at one of the Malmo intersections, so that they could not reach the stop line. 
This happened at the approach with the narrowest bike lane, and the heaviest vehicle 
volumes. 

Table 3: 16 The stopping behavior of cyclists at pulled back stop line for motor 
vehicles. 

Site Number Share that stops Share that stops Share that stops Share that is 
of at the bicycle in front of the at the motorists· obstructed 
observa- stop line bicycle stop line stop line 
lions 

Amiralsgatan - 221 79% 1% 12% 8% 
Drottninggatan 

Fridhemstorg - 216 76% 0% 24% 0% 
Regementsgatan 

Tomaviigen- 188 70% 3% 27% 0% 
Tunaviigen 

Total for lay-out 625 75% 1% 21% 3% 
alternative 1 

Odengatan - 
Roslagsgatan 364 87% 3% 9% 1% 
Lay-out alternative 2 

I In total I 989 I 80% I 2% I 16% I 2% I 
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The motorists seem to respect the pulled back stop line (Table 3: 17). Studies of this 
were carried out only in Stockholm. These show that only 4 % of the drivers arriving 
first pulled up to the previous stop line. Merely 1 % of the motorists obstruct the 
cyclists by stopping in the bike lane. 

Table 3: 17 The stopping behavior of motorists at pulled back stop line at the 
intersection Odengatan-Roslagsgatan in Stockholm. 

Number of Share stopping Share passing the Share that stops in Share that stops at 
observations correctly stop line with the the bicycle zone just the right stop line, 

front wheels before the crosswalk but in the bike lane 

858 85% 10% 4% 1% 

3.3.6 Route Choice and Red-Running Behavior Among Cyclists 
Cyclists driving straight ahead through the intersection do so in four principally 
different manners. These are illustrated in Figure 3: 15. The crossing choice of more 
than 5 000 cyclists going straight-on was observed in these studies. About 3 000 of 
these passed through lay-out alternative 1, and about 2 000 through alternative 2. 
These results are shown in Table 3: 18. 

4 

2 1 

3 

t 

Crossing choice 1 = riding along the curb to the right of the approach 
Crossing choice 2 = riding mixed with vehicles in one of the car lanes 

Crossing choice 3 = riding or walking the bike on the right pedestrian crosswalk 

Crossing choice 4 = riding or walking the bike on the left pedestrian crosswalk 

Figure 3: 15 Alternative crossing choices for cyclists going straight ahead 
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Table 3: 18 

Site Share Share Share Share Share 
choosing choosing choosing choosing running 
crossing crossing crossing crossing against red 
choice I choice 2 choice 3 choice 4 light 

Lay-out alternative Before 81.7% 17.3% 0.7% 0.3% 0.8% 
I 
(3 places) After 81.5% 17.1% 0.9% 0.5% 1.9% 

Lay-out alternative Before 91.6% 7.7% 0.7% 0.0% 1.5% 
2 
(3 places) After 92.8% 6.7% 0.5% 0.0% 2.5% 

Crossing choice and red-running (in % ) of straight-on going cyclists. 

Lay-out alternatives according to Figure 3:14 
Crossing choice alternatives according to Figure 3:15 

As is made clear by the results, the pulled back stop line has not changed the crossing 
choice of straight-on going cyclists. However, there is a difference between the 
crossing choices in the two lay-out alternatives. The share choosing to drive 
somewhat out from the curb (crossing choice 2) is greater for lay-out alternative 1 than 
2. The reason for this is that the bike lanes in two of the three approaches with lay 
out alternative 1 are narrow. This reduces the percentage using them. In the third 
approach, the bike lane has the same width as in alternative 2, i.e. 1.5 meters. Here, 
the share choosing crossing choice 1 is as high as for alternative 2. In other words, 
bike lanes ought to be about 1.5 meters wide. 

The red-running frequency among straight-on going cyclists has doubled since the 
pulled back stop line was installed, from approximately 1 to 2 % . This is due mostly 
to the cyclists taking advantage of their advanced position and starting up during the 
signal's safety time (the all red period). The studies also show that about 1 % of the 
cyclists choose to cross on the pedestrian crosswalks. 

The turning choice of the right-turning cyclists is not influenced either. About 95 % 
of them make a normal right-turn in the street, while around 5 % choose to ride on the 
sidewalk, primarily so that they don't have to stop for the red light. A total of 1 440 
right-turning cyclists were observed. Out of these 15 % ran the red light. The share 
of cyclists running the light was a few percentage points higher in Stockholm than in 
Malmo or Lund. 

A small change in turning choice could be observed for left-turning cyclists when the 
stop line for motorists was pulled back. A left-turning cyclist basically follows one 
of the turning choices shown in Figure 3: 16. 
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Turning choice 5 = short left-turn 
Turning choice 6 = starting the left-turn inside the intersection 
Turning choice 7 = long left-turn 
Turning choice 8 = using the pedestrian crosswalk 

Figure 3: 16 Alternative turning choices for left-turning cyclists 

The results of the observations carried out are shown in Table 3: 19. The error in the 
estimate of alternative 1 may be large, since the number of observations is only about 
150. This was caused by small numbers making left-turns at these intersections. The 
estimate of alternative 2 is based on 525 observations. 

Table 3: 19 

Site Share Share Share Share Share riding 
choosing choosing choosing choosing against red 
turning turning turning turning light 
choice 5 choice 6 choice 7 choice 8 

Lay-out alternative Before 85% 2% 5% 8% 0% 
I 
(3 places) After 74% 2% 10% 14% 1% 

Lay-out alternative Before 78% 6% 4% 12% 2% 
2 
(3 places) After 66% 8% 4% 22% 3% 

Turning choice and red-running percentages among left-turning cyclists 

Lay-out alternative according to Figure 3: 14 
Turning choice alternative according to Figure 3:16 

The turning choice studies show that a relatively large share of the left-turners switch 
from the short turn (turning choice 5) to using the pedestrian crosswalk (turning choice 
8) when the stop line is pulled back. It is probably the increased openness at the 
stopping position that gives the cyclist the idea to use the crosswalk and walk the bike 
across the intersecting road while there is a red light for his approach, and then 
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continue in the street. But, it may also be a result of uncertainty among some cyclists. 
I can only speculate about the cause. 

The percentage of left-turners running the red light increased after the motorists' stop 
line was pulled back. Here the main cause is more cyclists taking advantage of their 
advanced position and start ing up during the signal's safety time. 

3.3.7 Travelling Times of the Vehicles 
A smaller study was carried out to examine the time losses incurred by the motorists. 
The measure means that the motorists have a longer distance to drive, and that 
potential cyclists in front of them may hamper them when the signal changes to green. 
The time was measured from when the signal changed to green until the first vehicle 
had passed a fixed point just after the intersection (at the crosswalk of the departure 
arm). This study was effected only for the northern approach of the Stockholm 
intersection, before and after the stop line was moved back. Table 3:20 presents the 
results for vehicles turning right and going straight-on. The number of vehicles 
turning left was too small for any results to be given. The delay caused by the moving 
of the stop line is also of less interest for these, since they almost always have to wait 
in the middle of the intersection for a gap in the oncoming vehicle stream. 

Table 3:20 Travelling time for the first vehicle before and after moving the stop 
line back. 

Straight-on going vehicles Right-turning vehicles 

Before After Diff. Before After Diff. 

Number of observations 40 36 14 9 

Average time (seconds) 6.1 6.9 +0.8 6.4 7.0 +0.6 

85-percentile (seconds) 7.4 8.8 +1.4 8.5 9.0 +0.5 

The study is small, but indicates that the time loss is between a half and one second 
for right-turning, as well as for straight-on going, motorists. The loss for vehicles 
further back in the queue has not been studied, but is probably about as big. 

3.3.8 Changes in Interactions 
The way car drivers and cyclists solve the situation when their paths cross has been 
investigated through interaction studies (see Section 2.4.3). Interactions were recorded 
for 5 to 15 hours at each approach. In the before situation, a total of 53 hours were 
studied. In the after period, 56 hours were covered. What is of interest is whether 
the percentages of different interaction types have been altered by the introduction of 
the pulled back stop line. The results from these studies are presented in Table 3:21. 
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Table 3:21 Changes in the share of interaction situations by type, before and after 
moving back the stop line of the motor vehicles. 

Interaction situation Number and share of interactions by type 
involving BEFORE AFTER Diff 

Left-turning vehicles CdE 12 (46%) 6 (27%) (- 19%) 
cyclists, and from CdL 2 ( 8%) 5 (23%) (+15%) 

behind CyE IO (38%) 9 (41 %) (+ 3%) 
CyL 2 ( 8%) 2 ( 9%) (+ 1%) 

oncoming CdE 34 (31%) 6 ( 8%) - 23% 
vehicles CdL I (I%) 3 ( 4%) +3% 

CyE 73 (67%) 60 (85%) +18% 
CyL I ( I%) 2 ( 3%) + 2% 

Straight-on left- CdE 63 (66%) 77 (65%) - I% 
going cyclist, turning CdL 5 ( 5%) 7 ( 6%) +1% 
and vehicle CyE 26 (27%) 30 (25%) - 2% 

CyL 2 ( 2%) 5 ( 4%) + 2% 

right- CdE 286 (79%) 373 (80%) +1% 
turning CdL 5 ( I%) 13 ( 3 %) + 2% 
vehicle CyE 67 (18%) 64 (14%) - 4% 

CyL 7 ( 2%) 13 ( 3 %) +I% 

CdE = the car driver yields to the cyclist at an early stage 
CyE =the cyclist yields to the car driver at an early stage 

CdL=the car driver yields to the cyclist, but at a late stage 
CyL=the cyclist yields to the car driver at a late stage 

Moving back the stop line has not considerably influenced the distribution between 
different types of interactions among cyclists going straight-on. However, a special 
study was carried out focusing on interactions between straight-on going cyclists and 
right-turning vehicles in connection to the signal changing to green and the period just 
after. It turned out that the share of interactions where the car driver yields to the 
cyclist (CdE + CdL) increased in the beginning of the green period, from an average 
of 87 % to 92 % when the stop line was moved back. The probable explanation is 
better visibility of the cyclists. 

The interactions between left-turning cyclists and oncoming car drivers seem to have 
changed. The material is small, but indicates that the cyclists yield more often to 
motorists after moving of stop line. This can be interpreted as the cyclists being more 
cautious. One explanation may be that the cyclists now take their left-turn positions 
at the intersections somewhat earlier in relation to oncoming traffic. This takes place 
approximately at the same time as the oncoming vehicle starts to accelerate. The 
cyclist may therefore feel a bit more threatened, and consequently yields more often 
than earlier. 

Interactions between left-turning cyclists and vehicles from behind are so few that an 
appraisal as to whether or not the shares have changed cannot be made. 

3.3.9 Change in Risk for Cyclists 
The injury accident risk for cyclists has been estimated with the help of conflict studies 
before and after the stop line was moved back. In the before situation, 90 hours of 
observations were carried out for the intersection itself, and 62 hours for the circa 100 
meter approach. The after period was covered during 80 and 49 hours respectively. 
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The number of conflicts observed, the estimated injury accident frequency per hour 
and per cyclist are, for each approach, presented in Table C:2 and C:3 in Enclosure 
C. Table 3:22 is a summary of these results. 

Table 3:22 Comparison of cyclists' risk before and after the stop line for motor 
vehicles was moved back 

Cyclists in the intersection Cyclists in the IN TOTAL 
approach before 

Left-tum Straight-on the intersection 

Study time Before 90 90 62 152 
(hours) 

After 80 80 49 129 

Number of Before 8 24 11 43 
conflicts 

After 3 32 4 39 

Estimated injury Before 1.39 4.99 3.27 9.65 
accident 
frequency per After 0.36 5.06 0.78 6.20 
hour x 10·5 

Diff. -1.03 +0.43 -2.48 -3.45 

Estimated injury Before 32.3 13.8 7.1 22.8 
accident 
frequency per After 10.0 13.4 1.7 14.8 
cyclist x 10· 7 

Diff. -22.3 -0.4 -5.4 - 8.0 

According to the results, the moving of the stop line means that the risk of a cyclist 
meeting with an injury accident is reduced in average by 35 % (from 22. 8 x 10-7 to 
14.8 x 10-7). Large reductions in risk are had in the approach as well as in the 
intersection for left-turning cyclists. In the approach, it is most likely the bike lane 
giving the reduction of risk. Among the left-turners, the risk reduction is due partly 
to the fact that more cyclists use the pedestrian crosswalk, and partly to more cautious 
behavior at the intersection, as demonstrated in the studies of interaction. The results 
themselves are rather uncertain, since they are based on small numbers. For cyclists 
going straight ahead, the risk is unchanged, which is logical since their situation is 
more or less unchanged. 

In Table 3:22 presented risk figures do not take into account differences in traffic 
intensities between the before and after period. The traffic counts showed that the 
total number of cyclists was unchanged, while the vehicle flows had declined some. 
Figure 3: 17 and 3: 18 indicate how the risk (at the intersection and its approach) varies 
with the vehicle volume per straight-on going cyclist. It is the tendency which is 
shown with the moving 3-point average (see Section 2.5.5). Conflicts with cyclists 
running against red have been excluded, since these are not exposed to the traffic 
flows represented on the X-axis. The risk for straight-on going cyclists inside the 
intersection is related to the conflicting vehicle flow (Figure 3: 17). In the approach, 
the cyclists' risk is related to the vehicle flow entering that same approach (Figure 
3: 18). In other words, the graphs cannot be compared straightaway. 
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Figure 3: 17 Estimated injury accident frequency per straight-on going cyclists within 
the intersection (excluding red-running ones) as a function of conflicting 
vehicle volume, before (squares) and after (circles) the motorist's stop 
line was pulled back. 
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Figure 3: 18 Estimated injury accident frequency per cyclist in the approach to the 
intersection as a function of entering vehicle volume of that approach, 
before (squares) and after (circles) the motorist's stop line was pulled 
back. 
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Figure 3: 17 reveals that the estimated injury accident frequency of the intersection is 
more or less independent of the vehicle volume. This holds true before as well as after 
the countermeasure was introduced. There may be a slight tendency of decreasing risk 
with increased traffic volume in both cases. 

The cyclists' injury accident frequency in the approach of the intersection is, in 
average, about 75 % lower in the after period. The higher volumes entering, the 
greater the differences. The comparisons are inaccurate though, because of the small 
numbers of conflicts. And the higher volumes, those over 750 vehicles per hour, do 
not exist in the after period. This might partly influence the comparability of average 
risks presented in Table 3:22. 

It is not possible to illustrate analogous relationships for left-turning cyclists, since 
there were too few of them+about 400 in the before study and 300 in the after study. 

3.3.10 Conclusions and Comments 
Pulling back the stop line for motor vehicles creates possibilities for a more 
comfortable and less polluted environment for waiting cyclists. The possibility of 
waiting in front of the vehicles is also used by the cyclists. However, it increases the 
number who use an odd turning choice among left-turners. That is, an increased share 
uses two pedestrian crosswalks, and then continues on to the left (choice 8 in Figure 
3: 16). This turning choice can be looked upon as 'safe', and may be caused by a 
certain uncertainty among some cyclists. The increase in this turning choice is about 
as great as the decrease in the 'short' left-tum. 

The respect for the new stop line is good among the car drivers. But if the bike lane 
leading the cyclists to the new stop line is too narrow, motorists sometimes stop partly 
there and obstruct the cyclists from passing them. 

The percentage of cyclists running against red has increased somewhat. This red 
running can hardly be creating any greater hazard since most of this increase is 
attributed to more cyclists starting on red during the safety time, just before the 
changing to green. 

The analyses of risk indicate that the cyclists are subject to an obvious improvement 
of safety. Most of this is gained in the approach up to the stop line. It ought to be 
the bike lane that causes this improvement in combination with a different left-tum 
behavior. Fewer cyclists make the so-called short turn. According to the studies, an 
average risk reduction of 35 % per cyclist is obtained. 

The study is based on a rather small amount of material, but still, it is possible to 
draw the conclusion that pulled back stop lines for motorists at signalized intersections 
is good. The measure enhances safety and comfort for cyclists. Out of the two lay 
out alternatives, number two is to be preferred (see Figure 3: 14). This gives the 
cyclists the greatest number of options and maximum comfort. The acceptance of the 
stop line among the motorists is also satisfactory. The only disadvantage for the 
motorist group is that the measure means an increased travel time of about one second. 
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The pulled back stop line has been tested in other countries with good results as well, 
e.g. in England and Holland. In these countries, lay-out alternative 2 has been used. 
In England, a brochure has been produced which describes a successful lay-out 
example in Oxford (see Enclosure C, Figure C: 1). Any safety evaluation has, to my 
knowledge, not been carried out. The Dutch have evaluated their experiments for a 
number of sites, for example in the city of Leiden (Kuijper, 1982). As far as I can 
tell, it is not possible from these Dutch data to draw any safe conclusions about how 
much safety is improved. However, the conclusion that the measure is not detrimental 
to safety is derived. 

The Dutch study gives recommendations for which measurements (size-wise) should 
be used for these lay-outs. These measurements are almost identical to the optimal 
ones, according to my opinion and the studies presented in this chapter. However, I 
think that the bike lane should be 1.5 meters wide. The Dutch recommendation is: 

pull back: 5-6 meters (minimum 4) 
bike lane width: 1.25 meter (minimum 1.0) 
car lane width: 3. 75 meters (minimum 2. 75) 
bike lane beginning: about 30 meters before the stop line (minimum 15). 

Below, two alterative solutions are shown of how painted symbols on two lane 
approaches can be done according to the Dutch recommendations. 

r I 
~ ~ 

I I ...,,._ 

~ 

t I ~ :4. I 

Figure 3: 19 Alternative lay-out for pulled back stop lines at two lane approaches. 

To pull back the stop line for motorists in order to favor cyclists at signalized 
intersections is a recommended measure. This should be done routinely, especially 
where bike flows are high. 
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3.4 Bike Crossings Painted Blue at Signalized Intersections 

3.4.1 Background 
Installing two-way bike paths in Malmo seemed to create more bicycle accidents at the 
intersections. Therefore, the administers wanted to enhance the awareness of the 
existence of bike paths among the car drivers. Modelled on Danish experiments, they 
decided to paint the bike crossings blue inside the intersections. The blue color is 
supposed to act as an alarm for the motorists, signalling that they are just going to 
cross a bike path, and that cyclists can be expected to come in both directions. 
Advertisements, fliers, and newspaper articles were supposed to clarify what the blue 
color meant. It is not known to what extent this information reached motorists. 
Different authorities thought the countermeasure seemed interesting, and that its safety 
effect should be explored. 

3.4.2 Intersections Studied 
Bike crossings were painted blue in 37 Malmo-intersections. These were selected 
based on being part of a route with heavy bicycle volume, and that some of the 
intersections on this route had high accident numbers. I chose to study three of these 
crossings before and after the countermeasure was installed. The reason for the 
limited number of sites was lack of resources. The three crossings are located at two 
intersections; one at Amiralsgatan - Norra Grangesbergsvagen (eastern approach) and 
two at Carl-Gustavs vag - Pildamrnsvagen (southern and eastern approach). These 
places were selected partly because they are signalized (which my studies have been 
limited to), and partly because they have high bicycle volumes and relatively many 
turning vehicles. This latter point is important for making the studies effective. 

3.4.3 Design of the Study 
The investigation is a before and after study. The before study was carried out in 
April of 1985, and the after study in May of 1986. Each study covers three days from 
7.30 AM to 5 PM. The total observation time is 43 hours in the before period and 
45 hours in the after period. Each approach is studied 12 to 19 hours per occasion. 
The observation times and some of the characteristics of the approaches are shown in 
Enclosure D, Table D: 1. 

Besides conflict studies that took place during the full periods, continuous traffic 
counts of all flows have been taken for at least one of the days. Additionally, studies 
of behavior and interaction have been carried out during most of the observation time. 

3.4.4 Changes in Traffic Volumes 
Table 3:23 shows, in percentage terms changes in traffic volumes between the before 
and after period for vehicle and bicycle flows of interest. A more thorough 
presentation, approach by approach, is given in Enclosure D, Table D: 1. As revealed 
by Table 3:23, both bicycle and vehicle volumes have increased between the study 
periods. The bicycle volume has increased by an average of 26%, while the vehicle 
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flow has increased by 9 % . The larger share of the increase can be attributed to the 
intersection Carl Gustavs vag - Pildamrnsvagen. 

Table 3:23 Change in percentage of average traffic volume per hour between the 
before period (April of 1985) and the after period (May of 1986) for 
each intersection. 

Amiralsgatan - Carl Gustavsv .- Pil- Carl Gustavsv .- IN TOTAL 
N .Griingesbergsv. dammsviigen Pildammsviigen 

Southern approach Eastern approach 

Bicycle volume in the 
crossing (both directions) +12% +31% +26% +26% 

Vehicle volume crossing 
the bike crossing during - 1 % +10% +27% + 9% 
green signal. 

3.4.5 Changes of Interaction 
When two road-users demand the same space simultaneously, they have to interact in 
order to avoid an accident. Studies of interaction have been carried out using the 
method described in Section 2.4.3. An analysis is done whether the interaction takes 
place early or late. Who yields is also registered. Table 3:24 gives the summarized 
results with respect to interaction type from the studies. Enclosure D, Table D:2 gives 
the specific results for each crossing. 

The analysis has taken the direction of the cyclist into account. Since the bike paths 
are two-way ones, some cyclists ride on the 'wrong' side of parallel vehicle traffic. 
In other words, these cyclists are on the left side of these vehicles. Cyclists going to 
the right of parallel vehicle traffic are classified as being on the "right side". For 
those interactions involving two cyclists in opposite directions, the interactions have 
been split equally between the two directions. 

In total, 1 201 interaction situations were recorded in the before period, and 1 831 in 
the after period. That the number is that much higher in the after period is caused by 
a 2 hour longer observation period and higher traffic volumes. However, it is not the 
change in absolute numbers that is of interest here, but whether a shift has occurred 
between the types of interactions since the countermeasure was introduced. Table 3:24 
shows a slight tendency for left-turning motorists to yield earlier to cyclists in the 
'right' direction, after the blue color was applied. For other situations, no change can 
be observed. Nevertheless, the table reveals that the left-turning motorists are 
somewhat less willing to give priority to cyclists than the right-turning ones, and then 
more usually at a later stage. 
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Table 3:24 Change in share of different types of interaction situations before and 
after the bike crossing was painted blue. 

Interaction situation Number and share of interactions of different type 
involving BEFORE AFfER Diff 

Cyclists riding in right- CdE 249 (85 %) 420 (84%) - I% 
the 'right' turning CdL 21 ( 7%) 28 ( 6%) - I% 
direction, and motor- CyE 16 ( 5%) 30 ( 6%) +)% 

ists CyL 9 ( 3%) 19 ( 4%) +1% 

left- CdE 85 (64%) 144 (71 %) + 7% 
turning CdL 21 (16%) 16 ( 8%) - 8% 
motor- CyE 22 (17%) 29 (14%) - 3% 
ists CyL 4 ( 3%) 14 ( 7%) + 4% 

Cyclists riding in right- CdE 415 (81 %) 600 (82 %) +)% 
the 'wrong' turning CdL 35 ( 7%) 47 ( 7%) 0% 
direction, and motor- CyE 42 ( 8%) 61 ( 8%) 0% 

ists CyL 20 ( 4%) 24 ( 3%) - 1% 

left- CdE 185 (71 %) 274 (69%) - 2% 
turning CdL 36 (14%) 56 (14%) 0% 
motor- CyE 32 (12%) 48 (12%) 0% 
ists CyL 9 ( 3%) 21 ( 5%) + 2% 

CdE= the car driver yields to the cyclist at an early stage CdL=the car driver yields to the cyclist, but at a late stage 
CyE= the cyclist yields to the car driver at an early stage CyL=the cyclist yields to the car driver at a late stage 
'Right' direction means cyclists riding on the bike path on the right side of parallel vehicles 
'Wrong' direction means cyclists riding on the bike path on the wrong side of parallel vehicles 

3.4.6 Cyclists' Change in Risk 
The expected injury accident frequency has been calculated based on the recorded 
number of serious conflicts. Table D:3 in Enclosure D shows conflict data and the 
estimated injury accident frequency before and after the painting for each direction and 
each bike crossing studied. Summaries of these data are given in Table 3:25 and 3:26. 

Table 3:25 Change in estimated injury accident frequency per hour and per cyclist 
when the bike crossing was painted blue. 

Study Obser- Number of Estimated injury Estimated injury accident frequency/cyclist x 10-7 

vation conflicts accident freq ./hour cyclists in the cyclists in the 
time (h) X 10-S 'right' direction 'wrong' direction In total 

BEFORE 43 41 13.11 4.87 6.01 5.44 
(2.81 +2.06) (3 .33+ 2.68) 

AFfER 45 35 14.89 5.68 4.14 4.90 
(3 .48 + 2.20) (I .51 + 2.63) 

Diff. +2 -6 +14% +16% -31 % -10% 

The results indicate a 14 % increase in the estimated injury accident frequency per 
hour, even though the number of conflicts decreased after the crossing was painted 
blue. This is caused by an increase in the severity of the conflicts. The estimated 
injury frequency per cyclist has, however, decreased by 10% because of a higher 
number of cyclists in the after period. Cyclists riding in the 'wrong' direction have 
received a risk reduction of more than 30%, while the ones going in the 'right' 
direction with respect to parallel traffic have had their risk increased by an average of 
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16%. Before the painting of the crossing, the risk was over 20% higher for those 
going in the 'wrong' direction compared to those going in the 'right' direction. After 
the painting took place, the opposite became the case. 

When analyzing the conflicts with respect to the tum made by the motorist involved, 
we find that the risk reduction received by cyclists in the 'wrong' direction can be 
fully attributed to a better relation to right-turning motorists, i.e. in situations where 
the road-users meet at the crossing. As can be seen in Table 3: 16, the risk has here 
decreased by over 50% per cyclist, while the risk of being injured by a left-turning 
vehicle is unchanged. At the same time, it is the risk especially of being hit by a 
right-turning motorist that has increased for cyclists going in the 'right' direction. 

Table 3:26 Change in estimated injury accident frequency per cyclist for different 
conflict types when a bike crossing is painted blue. 

Conflict type Estimated injury accident frequency/cyclist x 10·7 

BEFORE AFTER Diff. 

Cyclists riding in right-turning 2.81 3.48 0.53 
the 'right' motorists (+ 19%) 
direction, and 

left-turning 2.06 2.20 0.14 
motorists (+7%) 

Cyclists riding in right-turning 3.33 1.51 -1.82 
the 'wrong' motorists (-55 %) 
direction, and 

left-turning 2.68 2.63 -0.05 
motorists (-2%) 

No corrections have been made for increased conflicting vehicle volumes when 
presenting the risk numbers above. Nor has it been taken into account that the 
increased bicycle volume might influence the situation. Figure 3:20 shows how the 
estimated injury accident frequency for a cyclist riding in the 'right' direction varies 
with the number of conflicting vehicles per hour before and after the painting. This 
is the tendency illustrated with the 3-point moving average (see Section 2.5.5). Figure 
3:21 shows how the risk per cyclist varies with the bicycle flow at the crossing 
(cyclists in the same direction). Figures 3:22 and 3:23 show comparative relationships 
for cyclists in the 'wrong' direction. 

Figure 3:20 shows that the risk for cyclists going in the 'right' direction increases with 
the increasing number of conflicting vehicles. No greater difference can be seen 
between the before and after period. We can, in Figure 3:21, see a tendency of 
differences in risk when the entering bicycle volume is above about 180 cyclists per 
hour. This difference seems to be constant up to about 280 cyclists per hour. In the 
before period, the bicycle flows were seldom greater than this. Therefore, no 
comparisons are possible for higher flows. The conclusion is that the increase in risk 
that cyclists going in the 'right' direction are subject to after the painting can be 
attributed to higher accident risks during high bicycle volumes. 

129 
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Figure 3:20 Estimated injury accident frequency per cyclist going in the 'right' 
direction on the bike path as a function of intersecting vehicle volume, 
before (squares) and after (circles) the crossing was painted blue. 
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Figure 3:21 Estimated injury accident frequency per cyclist going in the 'right' 
direction on the bike path as a function of bicycle volume in the same 
direction, before (squares) and after (circles) the crossing was painted 
blue. 
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Cyclists in the •wrong• direction on the bike path 
Before (squares) and After (circles) the painting 
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Figure 3:22 Estimated injury accident frequency per cyclist going in the 'wrong' 
direction on the bike path as a function of intersecting vehicle volume, 
before (squares) and after (circles) the crossing was painted blue. 
Cyclists in the •wrong• direction on the bike path 
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Figure 3:23 Estimated injury accident frequency per cyclist going in the 'wrong' 
direction on the bike path as a function of bicycle volume in the same 
direction, before (squares) and after (circles) the crossing was painted 
blue. 

In Figure 3:22 it can be seen that the decreased accident risk for cyclists going in the 
'wrong' direction occurs in particular when the number of conflicting cars is between 
150 and 250 an hour. Within this interval, a distinct change has occurred in the risk 
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per passing cyclist. According to Figure 3:23 this risk also varies with the bicycle 
volume. For the interval of from around 140 up to around 270 cyclists per hour, the 
risk is lower after the bike crossing was painted blue. 

Time-wise, the distribution of bicycle flows for the two directions are rather similar. 
This means that when the volumes are high in one direction, they are also high in the 
opposite one. This in tum means that the decrease in risk that resulted for cyclists in 
the 'wrong' direction occurs at the same time as the increase for cyclists in the 'right' 
direction. 

Another step in the analysis is to relate the injury accident risk to the number of 
interaction situations. Conflict studies were carried out during the studies of 
interaction. The number of interactions then represents the maximum possible number 
of collision opportunities. The result of these studies are shown in Enclosure D, Table 
D:4 and in Table 3:27 below. 

Table 3:27 Change in cyclists' estimated injury accident frequency per interaction 
situation when the bike crossing is painted blue, split by conflict type. 

Conflict type Estimated injury accident frequency per interaction x 10-5 
BEFORE AFTER Diff. 

Cyclists riding in right-turning 0.49 0.48 - 2% 
the 'right' motorists 
direction, and 

left-turning 0.73 0.74 + 1% 
motorists 

Cyclists riding in right-turning 0.34 0.15 - 56% 
the 'wrong' motorists 
direction, and 

left-turning 0.42 0.45 + 7% 
motorists 

I Sum I all I 0.44 I 0.37 I - 16% I 
Based on this analysis, the painting gives a total reduction in the estimated injury 
accident risk of 16% per interacting cyclist. As earlier, the risk reduction is about 
55 % for cyclists going in the 'wrong' direction versus right-turning vehicles. At the 
same time, the risk has increased some for these cyclists in relation to left-turning 
motorists. For cyclists going in the 'right' direction, t~e risk is unchanged. 

3.4.7 Conclusions and Comments 
Painting a two-way bike crossing gives, according to these analyses, a total decrease 
in the risk of meeting with an injury accident of, in average, 10 to 15 % per passing 
cyclist. The full safety improvement is gained by cyclists going in the 'wrong' 
direction on the bike path, in relation to oncoming right-turning vehicles. In these 
studies, this improvement has been estimated to a full 50 % . This risk reduction is 
partly at the expense of a risk increase for cyclists in the opposite direction. The great 
improvement is not reflected in a change in the interactions between these car drivers 
and the cyclists. 
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The Malmo road administration has made a similar estimate of the change in cyclists' 
risk for the 37 experimental intersections (Nettelblad, P., 1990, not published). This 
estimate is based on police reported injury accidents involving cyclists and rough 
estimates of bicycle volumes (based on manual counts at places close by). The results 
of this analysis are shown in Table 3:28. 

Table 3:28 Injury accident risk before and after bike crossings were painted blue 
at 37 intersections in Malmo (according to Nettelblad, P., 1990). 

BEFORE the painting AFfER the painting 

Number of recorded injury accidents involving cyclists 126 119 

Number of entering cyclists x 106 105 98 

Police reported injury accidents per cyclist x 10· 7 12.0 12.1 

The table shows that the average risk is unchanged. The measure has, according to 
this stud~, no safety effect. The estimated risk of meeting with an injury accident is 
12 x 10- per cyclist passing. This value is more than double the one I estimated. 
Here, the injury accident frequency was between 4.9 and 5.4 x 10-7 per passing 
cyclist. 

That my analyses point toward a 10 to 15 percent effect, while Nettelblad's 
computation gives a zero effect can be attributed to many circumstances. Non 
sig;nalized intersections are included in the later data set. This means that other types 
of accidents are included here. Secondly, the accident reduction I presented was 
gained by cyclists in the 'wrong' direction under certain conditions, especially with 
conflicting vehicle flows of 150 to 250 per hour, and/or at a bicycle volume of 140 
to 270 cyclists per hour. These flows were common at the approaches studied by me, 
but that might not necessarily be the case for Nettelblad's study. Therefore, the risk 
reduction does not get much weight in his result. Third, winter accidents are included 
in his material. It has been found that the painted surface makes the crossing more 
slippery during certain winter conditions. This may have increased the accident 
number. Forth, the accident reduction in my analysis is based on a small data set. 
In the before period, 13 conflicts of the relevant type were recorded; in the after 
period, there were 6. This change is with 90% probability not caused by random 
variation, but there is a 10% risk that it is. In this case it is probably caused by a 
random variation, since the results of the interaction studies showed no improvements. 

That Nettelblad obtained a risk level of the double magnitude (compared to my 
results), may also have several explanations. One is that the risk per cyclist is 
probably higher at the non-signalized intersections. Since such intersections are 
included in Nettelblad's study, this contributes to higher average risk. Another 
contributing factor is that Nettelblad's risk average is calculated over the 24-hour 
period of the day, including the dark periods, while my estimated value only 
represents the average risk for weekdays between 7 AM and 6 PM. Third, my 
estimate does not include slippery conditions. 
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Considering that the estimated risk reduction is seen in only one out of four conflict 
types, that this is calculated on a small amount of material, and that the reduction is 
not supported by improved interactions, the conclusion is that blue painting does not 
substantially influence the accident risk of cyclists on bike crossings. 

3.5 Diagonal Crossing for Cyclists 
Intersections 

at Signalized 

3.5.1 Background 

There are sometimes difficulties in creating continuous bike paths on one side of the 
street when two-way bike paths are installed in already built up areas. Lack of space 
often makes it necessary to change sides. A cyclist's goal may also be located in such 
a way that there is a great need for the biker to change sides at certain places. 

Changing from one side to the other most appropriately takes place at intersections. 
At signalized intersections, this means that the cyclists have to cross two approaches 
during different signal phases. This creates extra delay and is conceived of as 
uncomfortable. Many cyclists therefore ride in the car lane. One way of solving this 
problem is to have the cyclists go diagonally during an exclusive green phase. It has 
consequently been of interest to study how this solution works safety-wise. These 
studies have to cover normal signal operation, as well as when it is out of order for 
some reason and on flashing yellow. 

3.5.2 Intersection Studied 
A diagonal crossing with exclusive phase was introduced in the Skelleftea intersection 
Lasarettsvagen - Jarnvagsvagen. As far as I know, this is the only intersection in 
Sweden with this facility. The geometrical lay-out is shown in Figure 3:24. 

Cyclists going diagonally have an exclusive phase of 9 seconds, out of these, 3 are 
green-amber. Then a 3 second safety time (all red) follows. In order to get a green 
light, the cyclist has to push a button. The cycle time varies from 65 to 80 seconds. 
If the signal for some reason malfunctions, it starts to flash yellow. The cyclists are 
then not supposed to go diagonally, but to use the combined pedestrian crosswalks/bike 
paths. The cyclists are informed of this through signs where the diagonal crossing 
starts. 
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Figure 3:24 Diagonal bike crossing at the intersection Lasarettsvagen - 
Jarnvagsvagen in Skelleftea. 

3.5.3 Study Design 
This investigation is a "functional study". The interest has been focused on bicycle 
safety, both when the signal is in operation and during malfunction when it flashes 
yellow light. Hence, conflict studies, studies of behavior, traffic counts, and studies 
of interaction, have been undertaken during one period with the signal functioning, and 
one period when the signal was on flashing yellow. These studies were carried out 
in the beginning of June 1985. 

Both studies were drawn up in the same way. However, interaction studies between 
cyclists on the diagonal crossing and car drivers were undertaken only during flashing 
yellow, since these interactions would not occur during normal operation. Each 
situation was studied for 11 hours in total. For two days, the morning peak was 
covered between 6.30 and 8.30, the lunch hour between 11.30 and 1, and the 
afternoon peak between 3 and 5. Both studies were carried out during the same week, 
just a few days after the installment was finished. 
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3.5.4 Traffic Volumes 
The traffic volumes were counted one day between 7 AM and 7 PM with the signal 
in operation. These counts were taken by city employees of Skelleftea. Just over 8 
800 vehicles entered during this 12 hour period. The number of cyclists was almost 
1 400. 60% of these used the diagonal crossing. 900 pedestrians crossed on the two 
crosswalks. Traffic volumes for vehicles and bicycles and in each direction are shown 
in Enclosure E. 

Conflict and behavior studies were carried out during times with higher flows than 
average (as was described above). The number of cyclists from north and south 
during the 11 hours of observation are, for each situation, given in the route choice 
section below. 

3.5.5 Cyclists' Route Choice 
The route choice of the cyclists has been studied through manual observations on site. 
Only cyclists from north or south have been included. These are the dominant bicycle 
flows. In total, about 1 300 cyclists from the south were observed during normal 
operation. About 1 400 were covered during the yellow flashing. From the north, 
the number of cyclists was a little bit higher. Figure 3:25 and 3:26 illustrate the 
alternative crossing choices through the intersection. The shares passing different 
positions during the observed periods are given in Table 3:29 and 3:30. 

- 
[ 

Figure 3:25 Crossing choice alternatives for cyclists from the south. 
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Table 3:29 Crossing choice for cyclists coming from the south to the diagonal 
crossing with signal in operation and out of function (yellow flashing). 

Study Numbers Share (in percent) of cyclists that were observed to pass by different positions 
observed (according to Figure 3 :25) while riding through the intersection 

I 2 3 4 5 6 7 8 9 

Signal in function 1298 2 98 68 30 3 65 I 0 30 

Yellow flashing 1392 I 99 46 53 2 43 I 13 40 

Almost all cyclists (98 to 99 % ) coming from the south use the bike path (alternative 
2). When the signal is in operation, everybody changing sides uses the diagonal 
crossing (alternative 8=0). No less than 2/3 of these continue to go diagonally when 
the signal goes on yellow flashing, though this is not permitted. 

Figure 3:26 Crossing choice alternatives for cyclists from the north. 

Table 3: 30 Crossing choice for cyclists coming from the north to the diagonal 
crossing with signal in operation and out of function (yellow flashing). 

Study Numbers Share (in percent) of cyclists that were observed passing by different positions 
observed (according to Figure 3 :25) while riding through the intersection 

10 II 12 13 14 15 16 17 18 

Signal in 1716 9 65 26 65 0 2 8 66 26 
function 

Yellow 1876 II 64 25 57 7 2 14 54 32 
flashing 
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Cyclists from the north are scattered on both sides the street, and a relatively great 
share ride in the car lane (crossing choice 10). When the signal is in operation, all 
cyclists who are to cross use the diagonal crossing (choice 11 = choice 13). When 
the signal goes to flashing yellow, still almost 90 % of them use the diagonal crossing. 

The study shows that there are cyclists, especially from the north, that ride in the 
street (car lane) but continue on the diagonal crossing when reaching it (alternative 
15). There are also cyclists who come from the bike lane and use the diagonal 
crossing that proceeds straight-on in the street. 

Table 3:31 shows the total share of cyclists using the diagonal crossing, using the 
pedestrian crosswalks/bike paths, and using the car lanes. The bicycle traffic was 8 % 
greater during the yellow flashing than in normal operation. 

Table 3:31 Share of cyclists using the diagonal crossing, the pedestrian 
crosswalks/bike paths, and the car lanes with the signal in operation and 
on flashing yellow. 

Study Number Number Share of cyclists 
of hours of cyclists 
studied on the diagonal on the pedestrian in the car lane In total 

crossing crosswalk/bike 
path 

Signal in 
function II 3014 66% 28% 6% 100% 

Signal 
flashes II 3268 52% 41% 7% 100% 
yellow 

3.5.6 Cyclists running the red light 
3 % of the cyclists crossing diagonally from the south do so on red. Most of these 
cross just after the change from green-amber to red. Out of the cyclists going straight 
ahead on the bike path/pedestrian crosswalk ( crossing choice 4 according to Figure 
3:25), 7% rode against a red light. 

From the north, 6% of the cyclists riding diagonally do so on red. The share was the 
same for cyclists on the opposite side of the street (crossing choice 12 according to 
Figure 3:26), while the share among the ones riding in the car lane was 3 % (crossing 
choice 10). 

3.5. 7 Interaction 
Interactions between car drivers and cyclists were studied when the signal was put on 
flashing yellow. An interaction occurs when two road-users demand the same space 
at the same time. These interactions were judged with the method described in Section 
2.4.3. Table 3:32 shows the results from 10 hours of studies. 
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Table 3:32 Interaction between cyclists and vehicles for different situations during 
flashing yellow at the intersection with a diagonal bike crossing. 

Interaction Interaction between a cyclist crossing diagonally Cyclists on the Cyclists in the car 
and a vehicle coming from pedestrian lane 

crosswalk/bike 
behind ahead the side In total path 

Number of 72 100 68 240 35 20 
observations 

Motorist yields to the 53% 47% 35% 48% 34% 45% 
cyclist 

Cyclist yields to the 47% 53% 65% 52% 66% 55% 
motorist 

Share of the 
interactions carried 13% 19% 14% 15% 14% 20% 
out at a late stage 

No far reaching conclusions should be drawn, since the numbers of observed cyclists 
on the bike path/pedestrian crosswalk and in the car lane are small. Nevertheless, it 
seems as if the motorists give way to cyclists to a lesser extent when they ride as they 
are supposed to on the path/crosswalk (34 % ) compared to when they ride in the car 
lane (45%) or diagonally (48%). 

3.5.8 Cyclists' Risk 
The estimated number of injury accident for cyclists is based on the number of 
conflicts recorded during the 11 observation hours. 6 serious conflicts were recorded 
with the signal in operation. 11 were recorded when the signal was on flashing 
yellow. The estimated injury accident frequency is shown in Table 3:33 for the signal 
in operation and on flashing yellow. 

Table 3:33 Estimated injury accident number for cyclists during 11 hours while 
crossing diagonally with the signal in operation and on flashing yellow. 

Signal in operation Signal flashes yellow 
Situation 

Number of Estimated number of Number of Estimated number of 
conflicts recorded injury accidents conflicts recorded injury accidents 

On the diagonal I 9.6 x IO-' 8 174.0 X JO·' 
crossing 

On the pedestrian 5 72.3 x IO-' 2 43.5 X JO"' 
crosswalk/bike path 

In mixed traffic 0 0 I 9.6 x IO-' 

In total 6 81 .9 x IO-' II 227.J X JO·' 

In order to make the comparison meaningful, the injury accident frequency per cyclist 
has been calculated by dividing the numbers in Table 3:33 by the number of cyclists 
passing the place ( from Table 3: 31). The result is shown in Table 3: 34. 
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Table 3:34 Estimated injury accident frequency per cyclist for different situations 
at a signalized intersection with diagonal bike crossing. 

Study Estimated injury accident frequency per cyclist x 10-7 

On the diagonal On the pedestrian In the car lane In total 
crossing crosswalk/bike path 

Signal in operation 0.5 8.7 0 2.7 

Signal flashes yellow 10.2 3.3 4.4 6.9 

When the signal malfunctions, the injury risk for cyclists increases more than 2.5 
times. On the diagonal crossing the increase is very great, almost 20 times. When 
the signal was in operation, one conflict was recorded with a cyclist on the diagonal 
crossing. This cyclist was running the red light. During the yellow flashing, 8 
conflicts were recorded that involved cyclists going diagonally. 

According to the results, it is considerably more dangerous for cyclists to cross on the 
pedestrian crosswalk/bike path when the signal is in operation than when it 
malfunctions. This fact can probably be attributed to the fact that the cyclists are more 
careful when the signal is flashing. The studies of interaction (Table 3:32) also 
indicate that the cyclists on the crosswalk/bike path give the motorists priority to a 
higher degree than cyclists do at other places. This may also be caused by a greater 
number of cyclists on the crosswalk/bike path when the signal is flashing yellow 
(around 120/h) compared to when the signal is in operation (around 75/h). 

3.5.9 Conclusions and Comments 
The study is small and based on observations of only one site. This means that it is 
hard to draw general conclusions from it. The accident risk for cyclists is, in this 
study, very small during the periods the signal is in operation, around one injury 
accident per 3.7 million cyclists passing. Nor are the risks exceptionally great when 
the signal malfunctions, (around one injury accident per 1.4 million cyclists passing). 
The total risk would have been considerably smaller, had a greater share of the cyclists 
declined to go diagonally during the malfunctioning. 

The study was carried out when the diagonal bike crossing was relatively new to road 
users. This meant that many of them did not know how to behave during flashing 
yellow. Another problem was that some pedestrians used the diagonal bike crossing. 
The result of this was that they might find themselves in the middle of the intersection 
when the signal changed to green for the motorists. These behaviors have later 
disappeared according to road administration employees of the city of Skelleftea. 

The first five years of accident statistics show that only one injury accident has 
occurred at the intersection involving a cyclist and a motorist. This happened when 
the light was flashing yellow. According to the police report, the cyclist was on his 
way out onto the bike crossing when it occurred. During most times the signal has 
been operating perfectly according to a city spokesman. 
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Complaints that have reached the city authorities concern the short green phase for the 
cyclists on the diagonal crossing. Otherwise, the cyclists have found the solution 
satisfying. Requests to get similar solutions at other places have been noted. 
According to my studies this is also recommendable. 
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4. Comments 

4.1 The Evaluation Methodology and its Development 
Potentials 

Indirect accident measurements give the opportunity to quickly, and on a small scale, 
carry out evaluations of the safety effect of engineering measures. This opportunity 
thereby enables more evaluations to be carried out. The knowledge generated from 
this has potential to save vast resources and suffering. 

The conflict technique is the basis of this evaluation methodology. Since it has been 
possible to verify relationships between serious conflicts and police reported injury 
accidents, the technique has become respected for evaluation purposes among 
researchers and practitioners outside the Department of Traffic Planning and 
Engineering. Nonetheless, the technique can be improved. The currently used 
definition of a serious conflict, i.e. the one with varying TA-value (see Section 2.2.3) 
works well in both urban and rural environments. However, further efforts are needed 
to get more differentiated conversion factors for different types of conflicts, such as 
those presented by Hyden in 1987 (see Table 2: 13). 

With the help of the conflict technique, and simultaneous traffic counts, it is possible 
to carry out risk analyses on a more detailed level than ever before. This information 
may give a more nuanced picture of what happens, and is very important when 
conclusions are to be drawn as to the effect of a measure. The risk analyses can be 
further improved if finer, more specific conversion factors are produced. But,· it is 
especially the size of the data material (number of conflicts) that sets the limits. 

The basic idea of the evaluation method presented in this thesis is that different types 
of investigations are to complement one another. This is necessary for two reasons. 
First, sometimes the data material from the conflict studies is not of sufficient size to 
draw conclusive deductions concerning the changes in risk. These results then need 
to be supported by other investigation results pointing in the same direction. Second, 
complementary studies of other indirect factors often give an explanation for, or 
understanding of, the causes of a change in risk. To be able to explain a change in 
risk through other investigation results is, in these contexts, at least as important as 
a statistically significant change in accident numbers. 

In my description of the method, I present three different types of complementary 
investigation tools: the behavior of individual road-users, the interaction between 
different road-users, and the road-users' experiences and attitudes. Which of these to 
use in an evaluation has to be decided on from case to case. The more tools that are 
used, the more complete the picture of the safety effect becomes. 

Studies of road-user behavior have, in my characterization, been limited to that which 
is observable by observers on site. These behaviors are most often uncomplicated to 
define and record. In my applied studies, I basically focused on bicyclists' route 
choice, running of red lights, and stopping behavior. The behavior studies can be 
developed further and be of more or less complicated type. When traffic engineering 
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measures have been evaluated, personnel from the department have carried out car 
following studies, and studies of motorists focusing with the help of an eye-marker 
camera. 

Interaction between road-users has been used earlier as a measurement of traffic safety 
only in cases where the interaction has collapsed and ended up as a collision or serious 
conflict. To use interactions in positive connections and study good interactions as a 
measurement gives new exciting dimensions. In this work, interactions have been 
used in a rather subjective way. A development towards objective definitions is 
therefore desirable, and is underway at certain institutes for specific types of 
situations. 

By complementing the quantitative evaluation moments with qualitative investigations, 
e.g. with interviews with road-users and others influenced by a measure, it is possible 
to get knowledge concerning other important factors that else are not enlightened. 
Such factors can among other things explain quantitative changes, and give inspiration 
to improvements to the traffic engineering solution. This type of qualitative 
investigation methods have earlier not been given much credence, especially among 
engineers, which has meant that they have seldom been used for traffic safety 
evaluations. 

The quality of an evaluation is usually proportional to the resources put into it. In 
general, much too little is set aside for the evaluations (if any). This means that the 
size of the investigation must be narrowed down. Too limited a study gives 
inadequate data, and problems with drawing conclusions. Here, innovative techniques 
can help. Automatic selection of interesting situations from video recorded materials 
will make it possible in the future to work with much larger materials. Currently at 
our department there is ongoing research regarding automatic selection of conflict 
situations. In the future, it may be possible to have mostly automatic data gathered 
for the evaluation method described in this thesis. 

Since the evaluation results only represent the conditions studied, it is usually not 
possible to comment on periods with deviating conditions. If automatic data gathering 
could be used, more representative material could easily be collected. Light sensitive 
cameras could, for example, cover night time conditions as well. 

To use indirect accident measurements for evaluating traffic engineering measures, in 
the way described, gives many advantages, and is often the only possible way of 
evaluating. The methodology is basically applicable to other types of traffic safety 
measures. 

A big advantage with studies using indirect accident measurements, is that they often 
shed a lot of light on the real conditions out in traffic. This insight spawns small and 
large ideas for changes in the traffic system. In other words, these type of studies can 
be used not only for evaluation purposes, but also for giving a base for suggestions of 
suitable countermeasures. 
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4.2 Bicyclists' Safety at Signalized Intersections 

To signalize an intersection does not always give the safety improvement expected. 
Some evaluations show improvements, others the opposite. Signalization does separate 
certain road-users from each other. This gives a simplified road-user task. However, 
this streamlined situation often gives higher speeds at the intersections. This means 
that mistakes made have higher probabilities of ending up as serious collisions. 
Frequently, it is an unprotected road-user that is hit, irrespective of whether the 
mistake is their's or someone else's. 

The details of the lay-out seem very important for how it works out in terms of safety. 
The greatest danger probably occurs when road-users can misinterpret the signal 
function, i.e. if they think they comply with the intention when they actually do not. 
Many signal systems are designed in a way that makes this possible. One example is 
the pedestrian discussed in Section 2.3.3, where the crosswalk had a lock function. 
I have similar experiences of bicyclists starting up when a badly aimed signal, not 
meant for them, changed to green. A better control of our signal systems could 
eliminate the worst of these traps. 

My evaluations show that it is possible to improve the traffic safety situation for 
cyclists by modifying physical details. But, such adjustments are not enough if we 
want to make 'drastic' traffic safety improvements in our urban areas. For this, 
powerful changes will be needed, leading to curtailing our high standards with respect 
to traveling speed and comfort for motorists. Can we manage to do that? Or rather, 
do we want to do that? It will be a necessity if we are to follow the traffic safety 
goals that our politicians have put forward! 
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Enclosure A Enclosure A 1(3) 
Enclosure to Section 3.2 Location of Bike Path at Signalized Intersections 

Table A:1 Approaches studied 

Intersection App- Time Num- Lay- Num- Prolonged Video 
roach SIU- ber of out ber of section recor- 

No Name City died hours alter- lanes studied dings 
studied native (100 m) 

I Studentg.- Malmo south August 18 3c 3 
Stora Nygatan east 1981 18 3a I 

north 18 3a I 
weal 18 3b 2 

2 Kopenhamnsv .- Malmo south April 24 3b 2 
Bellevuev. cast 1981 24 la 2 

north 24 3b 2 
west 24 la 2 

3 Solvegatan - Lund south Oct-81 13 2a 2 
Tomavigen east och 13 3b 2 

north March 13 2a 2 
weal 1982 13 3b 2 

4 Tunavigcn- Lund south Oct-81 13 2b 2 
Tomaviigen cast och 13 3b 2 

north March 13 2b 2 
west 1982 13 3b 2 

5 John Ericsaonsv- Malmo south Oct-81 13 3b 2 
Bellevueviigen cast och 13 3c 3 

north April 13 3b 2 
west 1982 13 3b 2 

6 John Ericssonsv- Malmo south May 13 3c 3 
Mariedahlsv. cast 1982 13 3c 3 

north 13 3c 3 
weal 13 3c 3 

7 Lundavigen- Malmo south June 13 3b 2 
O.Fiiladsg. cut 1982 13 lb 3 

north 13 3a I 
west 13 la 2 

8 Ulleviegatan- Goteborg south June 19 lb 5 ja 
Skinegatan cast 1984 17 lb 4 ja 

north 19 la 2 ja 
weal 17 la 5 ja 

cast June 19 lb 4 ja 
north 1986 19 2b 2 ja 
west 19 la 5 

9 Regementsg.- Malmo south May 10 3b 2 ja 
Fridhemstorg east 1984 10 3c 3 ja 

north 10 3b 2 ja 
west 10 3c 3 ja 

10 Bjorlandav. Gdteborg east June II 3b 2 ja 
Toleredsg. west 1984 II 3b 2 ja 

II Odcngatan- Stock- south Octo- 15 3a I ja 
Roslagsg. holm cast ber 19 3b 2 ja ja 

north 1984 21 3a I ja ja 

12 Svcavigen- Stock- south Octo- 26 2a 3 ja 
Frcjgatan holm north ber 10 3c 3 ja ja 

weal 1984 II 3a I ja ja 

13 Carl Gustavsvig- Malmo south April 12 lb 3 ja 
Pildammsviigen cast 1985 18 lb 2 ja 

north 12 la 3 ja 
west 18 la 2 ja 

14 Amiralsgatan- Malmo south April 13 la 2 
N .Gringesbergs north 1985 13 lb 2 

15 Liedbergsgatan- Vixjo south May 16 2b 2 ja ja 
Momersvig caal 1985 16 2b 2 ja 

north 16 3b 2 ja ja 
west 16 2b 2 ja ja 



Table A:2 
Enclosure A 2(3) 

Traffic volumes, conflicts and estimated injury accident 
frequency per hour and per cyclist. 

Intersection App- Num- Number of Number of Number Estimated Injury 
roach ber of vehicle, entering cyclists of injury accident 

hours per hour during entering per conflicts accldcnt risk per 

No Namne studied the green phase hour1 observed frequency cyclist 
max.!!}£!!! min X 10' X 1Q·7 

max mean min 

I Studentg ,» south 18 1236 !!.!11028 92 iQ 16 I 33.9 3.8 
Stora Nygaum cast 18 356 261 200 48 H 20 I 9.6 1.6 

norlh 18 1236 !l.!1 1028 128 ll 36 I 9.6 0.7 
west 18 356 261 200 68 51 26 3 77.4 8.4 

2 Kopcnhamnsv .- south 24 750 514 354 62 ll 13 2 43.5 6.3 
Bcllevucv. east 24 832 593 273 50 ll 15 3 77.4 9.8 

norlh 24 750 514 354 99 il 10 I 9.6 1.0 
west 24 832 593 273 73 il 22 2 43.5 4.4 

3 Solvegalan - south 13 1353 846 484 34 .!§. 5 2 19.2 9.2 
Tomavigen cast 13 356 250 114 114 §1. 18 3 53.1 6.7 

norlh 13 1353 lli 484 47 .!§. 2 I 9.6 4.6 
west 13 356 250 114 120 49 20 5 96.6 15.2 

4 Tunavigen- south 13 1149 ill 605 110 ~ 4 2 43.5 11.2 
Tomavigen east 13 909 568 439 173 12 27 4 87.0 8.5 

norlh 13 1149 847 605 64 ll 23 2 19.2 4.5 
west 13 909 568 439 78 56 22 5 72.3 9.9 

5 John Ericssonsv- south 13 930 590 402 84 u 8 I 9.6 2.4 
Bellevuevigen cast 13 450 327 252 28 l2. II I 33.9 13.7 

norlh 13 930 590 402 57 ll 5 0 0 0.0 
west 13 450 327 252 34 16 3 2 19.2 9.2 

6 John Ericssonsv- south 13 1200 789 466 318 21 29 3 77.4 6.5 
Mariedahlsv. cast 13 944 ill 452 80 il 21 2 43.5 7.4 

norlh 13 1200 789 466 170 fill 32 I 9.6 0.9 
west 13 944 631 452 91 31 14 I 9.6 2.4 

7 Lundavigen- soulh 13 672 541 384 59 ~ 11 0 0 0.0 
O.Filadsg. cast 13 1542 !ill 821 68 .1Q 21 8 125.4 24.1 

norlh 13 672 541 384 IOI il 12 3 53.1 9.3 
west 13 1542 1138 821 152 53 29 6 57.6 6.9 

8 Ulleviegalan- aoulh-84 19 4441 370' 2581 10 i 0 I 33.9 59.5 
SUnegalan east-84 17 1931 160' 1131 148 i§. 22 8 149.7 15.7 

norlh-84 19 4441 370' 2581 32 ll 4 5 72.3 25.4 
Welt-84 17 193' 160' 1131 225 61 16 II 202.8 19.6 

cast-86 19 1711 1421 103' 116 il 12 4 87.0 10.7 
norlh-86 19 4751 4011 3011 35 J1 2 5 96.6 39.1 
wcst-86 19 1711 1421 103' 170 42 9 9 159.3 20.0 

9 Regemernsgv- soulh 10 571 ill 326 60 11 8 0 0 0.0 
Fridhemstorg cast 10 796 588 458 38 ~ 4 1 9.6 3.7 

norlh 10 571 ill 326 46 .!§. 2 1 9.6 6.0 
west 10 796 588 458 44 33 24 2 43.5 13.2 

10 Bjorlandav. cast 11 387 271 184 24 11 4 0 0 0.0 
Tolcrcdsg. west II 387 271 184 20 11 4 0 0 0.0 

11 Odengatan- aoulh 15 524 407 360 50 N 4 7 140.1 46.7 
Roslagsg. cast 19 1350 1076 929 73 ll 18 7 91.5 12.4 

norlhh 21 524 407 360 113 il 13 8 174.0 20.2 

12 Svcaviigen- south 26 1986 1826 1680 50 u 4 9 159.3 34.0 
Frejgalan norlh 10 1986 1826 1680 25 .!§. 7 I 33.9 30.8 

west II 1384 1065 864 32 l.l! 6 I 9.6 4.9 

13 Carl Gustavsvag- south 12 1794 1090 630 128 il 12 5 72.3 14.4 
Pildammsviigcn east 18 962 lli 510 320 172 64 8 IOI.I 3.3 

norlh 12 1794 .!.Q2Q 630 138 ll 15 3 53.1 8.4 
west 18 962 716 510 402 185 104 10 144.6 4.3 

14 Amiralsgatan- south 13 4081 lli1 1121 155 21 39 3 53.1 4.5 
N .Gringcsbergs norlh 13 4081 lli1 1121 315 122 31 12 139.5 8.8 

15 Lledbergsgalan- aoulh 16 870 575 390 231 108 25 0 0 0.0 
Momcrsvig cast 16 1181 675 448 32 11 0 I 33.9 14.1 

norlh 16 870 575 390 260 1.1.Q 51 7 140.1 8.0 
west 16 1181 675 448 74 ll 4 0 0 0.0 

1 - Excluding cyclisls turning right. 
1 - Only conflicting vehicle flows. 



Enclosure A 3(3) 

Table A:3 Traffic volumes, conflicts and estimated number of injury 
accidents during the observation-period and estimated injury 
accident frequency per cyclist for the 100 meter approach. 

Intersection App- Num- Number of Number of Num- Esti- Injury 
roach ber of vehicles entering cyclists entering ber of mated acc. 

hours per hour during per hour conf- number risk 
studied the green phase licts of injury per 

No Namne obs- accident cyclist 
erved X 10·' X 10·7 

max ~ min max~ min 

9 Regementsg.- north 10 571 ill 326 89 36 6 0 0 0.0 
Fridhemstorg west 10 796 588 458 52 38 25 2 67.8 17.8 

10 Bjorlandav .- east 11 387 271 184 24 ll 4 0 0 0.0 
Toleredsg. west 11 387 271 184 40 ll 4 0 0 0.0 

11 Odengatan- east 19 1350 1076 929 80 44 18 5 48.0 5.7 
Roslagsgatan north 21 524 407 360 121 49 19 2 67.8 6.6 

12 Sveaviigen- north 10 1986 1826 1680 26 17 7 0 0 0.0 
Frejgatan west 11 1384 1065 864 36 fl 6 0 0 0.0 

15 Liedbergs- south 16 870 575 390 235 123 25 1 33.9 1.7 
gatan- north 8 870 575 390 266 126 58 2 19.2 1.9 
Mornersvag west 8 1181 676 448 108 50 10 0 0 0.0 



Enclosure B 

INTERVIEW WITII CYCLISTS TURNING LEFf AT SIGNALIZED INTERSECTIONS 

Date: 
Intersection: _ 

Weather: _ 

City: 

Sex: D male 

0 female 

Age: 

Traffic situation: 
D nocars D 
0 light car traffic 0 
0 cars have to brake 

Behaviour: 
0 long turn 0 
D short turn D 
0 long turn and pushes the wrong button D 
D short turn, wrong side, and on ped. crosswalk 0 

solitary cars 

rather heavy car 

traffic 

medium long turn 

long tum and pushes the right button 

long tum using the pedestrian crosswalk 
other _ 

1. How do you usually tum left at this intersection? 

0 short O medium long O long 
D sometimes the long, sometimes the short, depends on: _ 

D other, that is 

2. Do you always tum left in the same way at this intersection? 

D Yes D No D don't know 

3. Do you consider this to be the safest way? 

0 yes O no 0 don'tknow 

if no to question 3: Which do you consider to be the safest way? 

D short D long D medium long 

D other: --------------------------------------- 
4. Are you, according to the law, allowed to make the type of left tum that you just did? 

D yes D no O don't know 

5. Which signal display are you looking at while waiting for a green light? 

0 the closest display for motorists O the far away display for motorists 

0 the bicycle display O the display for perpendicular car traffic to turn red 

0 the pedestrian signal 

6. Do you think that the bicycle signal display is well located, so that you as a cyclist can see it change colour? 
0 yes O no O don't know O Why _ 

7. Do you think the bicycle signal is well located when you want to reach the push button 
0 yes O no O don't know O Why _ 

8. Do you ride your bicycle in a different way since the intersection was repainted with the bike crossing? 

D yes D no D don't know 

9. What do you think of the symbol painted white at the intersection? 

D good O unnecessary O don't know □ comment: _ 

10. Do you ever feel anxious/afraid when you tum left? 
D no O yes, short turn, when: _ 

□ □ 
yes, medium long turn, when: 

yes, long turn, when: --------------------------------- 



Enclosure C 1 ( 4) 
Enclosure C 

Enclosure to the Section 3.3 : Pulled Back Stop Line. 

Table C:1 Data from six intersections where the stop lines have been pulled 
back to benefit the cyclists. 

Odengatan - Roslagsgatan, approach: Amiralsg.- Frid- Tornav.- Sum 
Drottningg. hemst.- Tunav. 
(South) Rege- (East) 

South East North mentsg. 
(North) 

Number of lanes I 2 I 3 2 2 

Approach width 6.4m 8.0m 6.1 m 9.5 m 7.0m 7.5 m 
(Bike lane width) (I. 7) (1.7) (1.7) (0.75) (1.0) (1.5) 

Bike lane in the no no no yes yes no 
before study 

Stop line alternative alt 2 alt 2 alt 2 alt I alt I alt I 
(Figure 3: 14) 

Hours Before 15 19 21 12 10 13 90 
observed 

After 15 15 15 11· 8 16 80 

Entering Before 20 39 41 47 16 79 41 
bicycle 
volume After 19 42 39 44 24 71 41 
per hour 
(mean) 1 Diff. - 5% + 8% -5% -6% +50% -10% 0% 

Entering Before 123 562 272 998 220 354 411 
vehicle 
volume After 148 569 258 825 202 374 391 
per hour 
(mean) 2 Diff. +20% +!% -5% -17% -8% +6% -5% 

1 Excluding cyclists turning right 
2 Vehicle traffic in the approach studied 



Enclosure C 2(4) 

Table C:2 Conflicts, average number of cyclists and their estimated risks at 
each approach studied, BEFORE the stop line was pulled back. 

Odengatan - Roslagsgatan, Ami- Frid- Tor- Sum 
BEFORE STUDY approach: ralsg.- hemst.- nav.- 

Drott- Rege- Tunav. 
South East North ningg. mentsg. (East) 

(South) (North) 

Hours of intersection 15 19 21 12 10 13 90 
observed 

of approach 0 19 21 12 10 0 62 

Number of left-turning 5 0 2 0 0 l 8 
conflicts cyclist 
with 

cyclist going 2 7 6 5 l 3 24 
straight ahead 

cyclist in the - 5 2 4 0 - 11 
approach 

In total 7 12 10 9 l 4 43 

Estimated left-turning 72.3 0 19.2 0 0 33.9 125.4 
number of cyclist 
injury 
accidents cyclist going 67.8 91.5 154.8 72.3 9.6 53.l 449.) 
X 10·> straight ahead 

cyclist in the - 48.0 67.8 87.0 0 - 202.8 
approach 

Estimated left-turning 4.82 0 0.91 0 0 2.61 1.39 
injury cyclist 
accident 
frequency cyclist going 4.52 4.82 7.37 6.03 0.96 4.08 4.99 
per hour straight ahead 
X ro- 

cyclist in the - 2.53 3.23 7.25 0 - 3.27 
approach 

Average left-turning 9 l 7 3 I 3 4.3 
number of cyclist 
cyclists 
per hour cyclist going 11 38 34 44 15 76 36.3 

straight ahead 

cyclist in the - 44 49 51 36 - 45.8 
approach 

Estimated left-turning 53.6 0 13.1 0 0 86.9 32.3 
injury cyclist 
accident 
frequency cyclist going 41.l 12.7 21.7 13.7 6.4 5.4 13.8 
per cyclist straight ahead 
X lQ·7 

cyclist at the 46.7 12.4 20.2 12.8 6.0 8.5 15.7 
intersection 

cyclist in the - 5.7 6.6 14.2 0 - 7.1 
approach 

In total - 18.1 26.8 27.0 6.0 - 22.8 



Enclosure C 3(4) 

Table C:3 Conflicts, average number of cyclists and their estimated risks at 
each approach studied, AFfER the stop line was pulled back. 

Odengatan - Roslagsgatan, Ami- Frid- Tor- Sum 
AFTER STUDY approach: ralsg.- hemst.- nav.- 

Drott- Rege- Tunav. 
South East North ningg. mentsg. (East) 

(South) (North) 

Hours of intersection 15 15 15 II 8 16 80 
observed 

of approach 0 15 15 II 8 0 49 

Number of left-turning 0 0 3 0 0 0 3 
conflicts cyclist 
with 

cyclist going 0 7 7 6 3 9 32 
straight ahead 

cyclist in the - I 2 0 I - 4 
approach 

In total 0 8 12 6 4 9 39 

Estimated left-turning 0 0 28.8 0 0 0 28.8 
number of cyclist 
injury 
accidents cyclist going 0 91.5 67.2 57.6 53.1 135.0 404.4 
X JO·' straight ahead 

cyclist in the - 9.6 19.2 0 9.6 - 38.4 
approach 

Estimated left-turning 0 0 1.92 0 0 0 0.36 
injury cyclist 
accident 
frequency cyclist going 0 6.10 4.48 5.24 6.64 8.44 5.06 
per hour straight ahead 
X JO·' 

cyclist in the - 0.64 1.28 0 1.20 - 0.78 
approach 

Average left-turning 9 I 5 2 I 2 3.6 
number of cyclist 
cyclists 
per hour cyclist going 10 41 34 42 23 69 37.8 

straight ahead 

cyclist in the - 48 45 48 45 - 46.6 
approach 

Estimated left-turning 0 0 38.4 0 0 0 10.0 
injury cyclist 
accident 
frequency cyclist going 0 14.9 13.2 12.5 28.9 12.2 13.4 
per cyclist straight ahead 
X )0•7 

cyclist at the 0 14.5 16.4 I 1.9 27.7 I 1.9 13.1 
intersection 

cyclist in the - 1.3 2.8 0 2.7 - 1.7 
approach 

In total - 15.8 19.2 11.9 30.4 - 14.8 
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Second traffic signal/sign 

n 
THE EXPERIMENTAL ADVANCED 
CYCLE STOP LINE AT THE 
PARKS ROAD/HOL YWELL STREET/ 
BROAD STREET JUNCTION, OXFORD 

HOLYWELL STREET BROAD STREET 

First traffic signal 

Cyclists- Proceed to 
second stop line and 
wait for Green signal 
Motorists wait at first 
stopline. 

·; MOTOR VEHICLES:. 
}t- ~HE·N_ RED.\{:· 
t:', LIGHT'SHOWSi\•: 
::/; :: : ~~'.! ~t}J),,< 
? F'IASY· SIGNAL;_!,\/.: Marking 

Sign 

Cyclists may proceed 
if clear. 
Motorists may proceed 
when clear of cyclists. 

SYMBOL AT START 
OF CYCLE LANE 

PEDESTRIAN 
CROSSING 

ZONE 

ADVANCED CYCLE STOPLINE 

T ~t!XtH#tttff#@fl@lt{ 
' RESERVOIR 

FOR CYCLISTS 

~~lillii~itiJil i 

YCLE 
LANE 

MOTOR VEHICLE 
STOPLINE 

I 

PARKS ROAD 

-------------1~.:. 
not to scale 

Department of Transport 
APHPJ Drawing Ofl1ce 04/297 

Figure C:1 Example of lay-out of pulled back stop line in Oxford, England. 
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Enclosure D 

Enclosure to Section 3.4 : Bike Crossings Painted Blue 

Table D:1 Characteristics of the three studied bike crossings in Malmo that 
were painted blue. 

Amiralsgatan- Carl Gustavsviig- Carl Gustavsvag- IN TOTAL 
N .Griingesbergs- Pildammsviigen Pildammsviigen 
gatan Southern approach Eastern approach 

Before After Before After Before After Before After 

Hours observed 13 14 18 19 12 12 43 45 

Length of bike crossing (m) 24 24 19 19 22 22 

Distance between bike crossing 7 7 6 6 3 3 
and approach (m) 

Number of lanes in the exit 3 3 2 2 2 2 

Cyclists per hour in max. 155 274 402 464 138 176 402 464 
the 'right' ~ 21. us ill 233 53 64 120 150 
direction1 (min) (3 I) (50) (104) (177) (I 5) (6) (15) (6) 

Cyclists per hour in max. 315 326 320 496 128 148 320 496 
the 'wrong' ~ 122 128 172 235 42 56 ill 154 

direction 2 (min) (31) (22) (64) (80) (12) (10) (12) (10) 

Vehicles turning max. 146 138 128 134 20 29 146 138 

right per hour 3 ~ 79 89 67 73 2 li 54 63 
(min) (42) (34) (28) (24) (0) (4) (0) (4) 

Vehicles turning left max. 262 220 134 134 178 254 262 254 

per hour 3 ~ 132 l!.2. 80 89 74 90 94 99 
(min) (58) (68) (26) (28) (43) (26) (26) (26) 

1) 'Right' direction means cyclists riding on the bike path to the right of parallel traffic. 
2) 'Wrong' direction means cyclists riding on the bike path to the left of parallel traffic. 
3) Only turning vehicles crossing the bike path are included. 
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Table D:2 Change in the share of interactions of different types, before and 
after the bike crossing was painted blue. Three sites in Malmo. 

INTERACTION Amiralsgatan- Carl Gustavsv-Pil- Carl Gustavsv .-Pil- 
SITUATION N .Griingesbergsv. damrnsv .(South ap) damrnsv. (East appr) IN TOTAL 

Before After Before After Before After Before After 

Cyclist in the 'right' 
direction versus 
vehicle turning right 

CdE+CdL share 90% 91% 93% 91% 92% 82% 92% 90% 
CyE+CyL share 10% 9% 7% 9% 8% 18% 8% 10% 
CdE/CdL number 106/10 171/17 132/10 220/9 11/1 29/2 249/21 420/28 
CyE/CyL number 9/4 10/9 7/4 13/10 0/1 7/0 16/9 30/19 

Total number 129 207 153 252 13 38 295 497 

Cyclist in the 'right' 
direction versus 
vehicle turning left 

CdE+CdL share 78% 74% 85% 83% 79% 80% 80% 79% 
CyE+CyL share 22% 26% 15% 17% 21% 20% 20% 21% 
CdE/CdL number 49/12 53/6 27/7 63/6 9/2 28/4 85/21 144/16 
CyE/CyL number 17/0 14/7 3/3 11/3 2/1 4/4 22/4 29/14 

Total number 78 80 40 83 14 40 132 203 

Cyclist in the 'wrong' 
direction versus 
vehicle turning right 

CdE+CdL share 86% 89% 89% 88% 100% 88% 88% 88% 
CyE+CyL share 14% 11% 11% 12% 0% 12% 12% 12% 
CdE/CdL number 143/18 212/24 264/17 360/22 8/0 28/1 415135 600/47 
CyE/CyL number 16/10 15/15 26/10 42/9 0/0 4/0 42/20 61/24 

Total number 187 266 317 433 8 33 512 732 

Cyclist in the 'wrong' 
direction versus 
vehicle turning left 

CdE+CdL share 86% 80% 82% 88% 86% 73% 84% 83% 
CyE+ CyL share 14% 20% 18% 12% 14% 27% 16% 17% 
CdE/CdL number 76/13 90/25 89/18 150/20 20/5 34/11 185/36 274/56 
CyE/CyL number 12/2 18/11 18/5 20/3 2/2 10/7 32/9 48/21 

Total number 103 144 130 193 29 62 262 399 

CdE = the car driver yields to the cyclist at an early stage CdL = the car driver yields to the cyclist at an early stage 
CyE = the cyclist yields to the car driver at an early stage CyL = the cyclist yields to the car driver at an early stage 
'Right' direction means cyclists riding on the bike path to the right of parallel traffic. 
'Wrong' direction means cyclists riding on the bike path to the left of parallel traffic. 



Table D:3 
Enclosure D 3(4) 

Number of conflicts, estimated injury accident frequency per 
hour and per cyclist, before and after the bike crossing was 
painted blue at 3 places. 

Type of conflict Amiralsgatan - Carl Gustavs viig- Carl Gustavsvag- 
N .Griingesbergsv. Pildammsviigen Pildammsviigen IN TOTAL 

Southern approach Eastern approach 

Before After Before After Before After Before After 

Number of conflicts 
Cy.in the 'right' direction 0 6 8 6 2 0 10 12 
versus vehicle turning right 
Cy.in the 'right' direction 3 3 2 3 I 2 6 8 
versus vehicle turning left 
Cy.in the 'wrong' direction 8 5 5 1 0 0 13 6 
versus vehicle turning right 
Cy.in the 'wrong' direction 4 4 3 2 5 3 12 9 
versus vehicle turning left 

In total 15 18 18 12 8 5 41 35 

Estimated injun: accident X 10·' X l O? X l O? X 10·' X 10·' X IO? X to·' X 10·' 
freguency 11er hour 
Cy .in the 'right' direction 0.0 5.71 5.62 8.15 3.63 0.0 3.37 5.22 
versus vehicle turning right 
Cy .in the 'right' direction 4.08 3.70 2.42 2.79 0.80 3.63 2.47 3.30 
versus vehicle turning left 
Cy.in the 'wrong' direction 7.78 5.04 4.02 1.78 0.0 0.0 4.03 2.32 
versus vehicle turning right 
Cy.in the 'wrong' direction 2.95 4.37 1.60 2.29 6.03 6.45 3.24 4.05 
versus vehicle turning left 

In total 14.81 18.82 13.66 15.01 10.46 10.08 13.11 14.89 

Estimated injua accident X 10·7 X 10·7 X 10·7 X 10·7 X 10·7 X ro' X 10'7 X (0·7 

freguency 11er cyclist 
Cy .in the 'right' direction 0.0 5.19 3.04 3.50 6.85 0.0 2.81 3.48 
versus vehicle turning right 
Cy .in the 'right' direction 4.48 3.36 1.31 1.20 1.51 5.67 2.06 2.20 
versus vehicle turning left 
Cy.in the 'wrong' direction 6.38 3.94 2.34 0.76 0.0 0.0 3.33 1.51 
versus vehicle turning right 
Cy.in the 'wrong' direction 2.42 3.41 0.93 0.97 14.36 11.52 2.68 2.63 
versus vehicle turning left 

In total 6.95 7.91 3.83 3.21 11.01 8.40 5.44 4.90 

'Right' direction means cyclists riding on the bike path to the right of parallel traffic. 
'Wrong' direction means cyclists riding on the bike path to the left of parallel traffic. 
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Table D:4 Estimated injury accident frequency per interaction for different types 
of conflict situations, before and after the bike crossing was painted 
blue. 

Cyclist in the Cyclist in the Cyclist in the Cyclist in the 
'right' direction 'right' direction 'wrong' direction 'wrong' direction IN TOTAL 
versus vehicle versus vehicle versus vehicle versus vehicle 
turning right turning left turning right turning left 

Before After Before After Before After Before After Before After 

Number of 295 497 132 203 512 732 262 399 1201 1831 
interactions 

Estimated 
injury accident 
frequency per 0.49 0.48 0.73 0.74 0.34 0.15 0.42 0.45 0.44 0.37 
interaction 
X JO·S 
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Figure E:1 Vehicle traffic in the intersection 
Jarnvagsleden - Lasarettsvagen in 
Skelleftea, between 7 AM and 7 PM 
june 5th 1985. 

Figure E:2 Pedestrian and bycicle traffic in the 
intersection Jarnvagsleden - Lasaretts 
vagen in Skelleftea, between 7 AM and 
7 PM june 5th 1985. 
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