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Work on Traffic Conflicts

Early in 1978 the first author started to work at the Department for Applied Psychology at
the Technical University of Braunschweig (Germany). In a team led by H. Erke and B.
Zimolong he helped to develop the German version of the Traffic Conflicts Technique (TCT)
in a series of research projects funded by the Federal Highway Administration.

The main purposes of the TCT were evaluation studies (e.g. before-after studies of traffic
sites with some kind of countermeasure in between), and safety diagnosis to help finding out
the causes of dangerous situations and designing appropriate improvements. The idea of the
TCT was first developed in the USA by Perkins & Harris (1968) and had some national
successors (e.g. Campbell & King, 1970, Baker 1972, Paddock 1974), before it was spread to
Europe. In the seventies of the last century studies on traffic conflicts were conducted in
many European countries, e.g. in England by Spicer (1971), Older & Spicer (1976), in
Sweden, Norway and Denmark (e.g. Amundsen 1974, Hyden 1975), the Netherlands (e.g.
Oppe & Kraay, 1975, Güttinger & Kraay, 1976), France (Malaterre & Muhlrad, 1977) and
Germany (Zimolong, Schwerdtfeger & Erke 1977). 

A milestone in scientific progress on TCT was the first workshop on traffic conflicts in Oslo
(Amundsen & Hyden, 1977), where the European researchers met colleagues from Israel,
Canada and the USA. Not only “national” papers were presented at the meeting, even more
important than the exchange of information and experience were the workshop sessions in
which the participants succeeded in agreeing on a common definition of a traffic conflict: 

“A traffic conflict is an observable situation in which two or more road users approach each
other in space and time to such an extent that there is a risk of collision if their movements
remain unchanged.” (Cooper, 1977)

With minor modifications this definition still today is a common base for discussions on
conflicts, no matter what kind of recording technique (objective or subjective) is used or
what kind of traffic site is under investigation.

The Oslo meeting was a starting point for further conferences which became regular events
later after the foundation of ICTCT, but also showed the necessity of international calibration
studies in which different techniques could be demonstrated and compared. Such studies
were conducted in Rouen (France) 1979 (Gstalter, 1979), in Malmö (Sweden) 1983
(Asmussen, 1984) and Trautenfels (Austria) 1988 (Risser & Tamme, 1988).

Our team took part in the international activities, but the main concern, of course, was the
development of the technique on a national scale. In many projects, all of them funded by
the German Federal Highway Administration, we defined conflict types and their degrees of
severity and explored methodological and statistical problems of conflict and accident
occurrence. Great efforts went into validation studies and into concepts of observer training
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and respective manuals. The work is summarised in Zimolong (1982), Gstalter (1983) and as
a handbook for users in Erke & Gstalter (1985).

For recent developments and scientific events as well as for history, documentation and state
of the art of TCT consult the ICTCT website ICTCT.org. 

Work with errors in the road traffic system

In 1981, the first author moved to Munich and worked until 1990 at the Technical University;
in 1986, also the second author joined the Institute for Psychology at the Technical
University in Munich. Although the Institute had had a long history in traffic safety research,
occupational safety was a main topic as well. Originating from the narrower field of traffic
safety research, two lessons could be learned from occupational psychology.

At first, the importance of the notion of “task” as the crucial element in the driver-car-
environment system cannot be overestimated. To understand the performance of a system
working on a task, you have to know some specific characteristics of the task at hand. For
that reason the Institute had a tradition in defining and classifying different driving tasks or
road traffic situations (v.Benda, 1977). We shall come back to this topic in the next section,
more thoroughly these aspects are discussed in Fastenmeier & Gstalter (in this volume).

The second lesson was the self-evidence of the statement “Safety is more then the absence
of accidents”, which was quite a common notion among researchers and even practitioners
in the field of occupational safety in contrast to road traffic research, where only the accident
was an admitted criterion of safety. Unfortunately, safety experts from both fields had not
much information exchange at that time and only few authors reflected both settings (e.g.
Hoyos, 1980, Gstalter & Hoyos, 1988, Chaloupka & Risser, 1989). Today, the situation has
somewhat improved thanks to the broad attention given to J. Reason and his work on
human error (1990) (compare figure 1). 

Figure 1: The dynamics of accident causation (from Reason, 1990, p. 208)
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Although a sideline, observation and interpretation of erroneous behaviour of road traffic
participants has a long history. Observation techniques of driver errors are closely connected
with the work of Quenault (e.g. 1967); for an extensive overview of the role of errors in
transport systems see Ergonomics (1990). 

We developed and used error counting methods in the road traffic domain for many different
purposes. Our methodology was strongly influenced by the Vienna driving test regarding the
definition of types of driver errors (Risser et al., 1982), but our observation sheets were
designed in a way that they could not only be used on a standardized route. This flexibility
allows the researcher to study the quality of the interaction between the driver, his car and
the traffic environment without restrictions concerning the traffic sites, type of equipment or
group of drivers to be tested. Apart from the original idea of evaluating the personal aptitude
of drivers, we used error counting methods for many different purposes (e.g. to evaluate
effects of navigation systems, to find driver information needs or to compare the reliability of
different groups of drivers). Examples can be found in Fastenmeier & Gstalter (1993), for
more recent applications of error research see Fastenmeier & Gstalter (2007).

Despite the diversity of its applications the central logic of the approach always remains the
same: the reliability with which a defined driving task is executed is estimated by the ratio of
erroneous to correct driving acts, completely in accordance with the classical human
reliability approach from human factors engineering (e.g. Swain & Guttman, 1984).

Traffic error research is a second step on the safety continuum (Hyden, 1987) from
accidents via conflicts into the direction of normal traffic behaviour. This enlargement in
scope and methods does not only reflect our personal development or style, but coincides
with the general evolution of the field especially in the 1990s. This is nicely demonstrated by
the title of the 2nd Workshop of ICTCT in Munich (ICTCT 1990), that we had the honour to
host: “Theoretical aspects and examples for practical use of traffic conflicts and of other
interactional safety criteria”. The same change is exemplified even more explicitly in the
different meaning of the abbreviation ICTCT, which changed from “Traffic Conflict
Techniques” to the more general “Theories and Concepts in Traffic Safety”.

Table 1 summarises some important differences between traffic conflicts and errors as
indices in traffic safety work. The information in table 1 is of course accentuated to show the
differences between the approaches and thus masks various overlaps. Traffic violations as a
special subset of driver errors e.g., are recorded in most TCTs and traffic conflicts are
counted as well in error studies (but constitute a very small subset of the data gathered
there).

The principle difference between the approaches as safety measurement techniques lies in
the frequency and dangerousness of the recorded events. Whereas conflicts are rare events
with obvious hazardous potential, errors occur more often, but their dangerousness is less
apparent. Nevertheless, the question of the validity of the data gathered with respect to
accident records has been raised in both cases. Concerning conflicts it has been concluded
that validation on accident statistics is only necessary, if the results of a conflict count are to
give an estimate of safety by predicting future accident frequencies, i.e. estimating the
expected value of the random variable “number of accidents” on a defined stretch of road.
This has never been a central objective of TCTs , however, but even for this special purpose
it could be demonstrated by calculations and using simulations that conflict data yield a
better prediction than accident data (Hauer & Garder, 1986). Figure 1 demonstrates the fact
that system errors are a necessary prerequisite for accidents to occur. Likewise, in the traffic
system all constituting elements can be erroneous in a way not to assure maximum safety,
but surely driver error will constitute a large amount of the total unreliability of a given traffic
situation. Apart from theoretical reasoning the close connection between driver errors and
road accidents has been shown in a wide variety of paradigms and explicit numerical
calculations using empirical error and accident data (McFarland 1967, Altman 1970, Risser et
al. 1982, Brown 1990, Ergonomics 1990, Gstalter 1991, Fastenmeier et al. 2003). But results
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have also shown that driver errors are connected with conflicts and accidents in different
ways according to error type. A crucial distinction has to be made between errors (slips,
lapses and mistakes) and deliberate violations (Reason et al. 1990). 

Table 1: A comparison of objectives and methods of Conflict Techniques and Error research

Conflict Techniques Error research

Diagnosis of Traffic sites (safety diagnosis
before-after studies)

Quality of the interaction between
driver, car and environment
Personal diagnostics
Effects of electronic in-car devices

Method On-site observation by human
observer
Technical recordings of observable
events

In-car observation
technical recordings

Data used Conflicts, violations, traffic volume Errors and exposure data
Vehicle dynamics
Physiological measures
Subjective driver ratings
Video recording & confrontation

Evaluation
criteria

Safety and efficacy of traffic flow Safety as reliability estimate
Comfort
Acceptance

Examples for violations are deliberately exceeding the speed limit, going against a yellow or
even red light, overtaking on the right lane (in right hand traffic). Violations are characteristic
for certain types of drivers and less specific for traffic situations, thus reflecting traffic
relevant attitudes. Drivers with frequent violations have more accidents and traffic fines than
the average. A glimpse on the causes of recorded accidents as well shows the
dangerousness of these behaviours. On the other hand, violations only seldom create
conflicts, as observation studies have shown (e.g. Risser et al., 1982) and this fact obviously
acts as a reward that may lead to bad habits as a final result. Nevertheless, if a conflict
results out of a violation the probability of a collision is high because of narrow space and
little time for compensation. In sum, violations only seldom become conflictive, but those
conflicts involve a large accident potential.

Whereas violations can only be described with regard to a social context, errors may be
defined in relation to the cognitive processes of the individual traffic participant. Lack of skills
or confidence and overload are characteristic elements in “real” errors. Examples are errors
in rather complex tasks like lane changing and merging or interaction with pedestrians in
intersections. Those kind of errors produce a lot of observable conflict situations, most of
which are detected and compensated for by some of the conflict parties involved. But as the
basic errors of this type are very frequent they constitute an important source of accident
potential.

Summarizing the discussion above we can differentiate two kinds of erroneous driving
behaviour: Violations with a high accident risk but rather low transition probabilities into
conflicts and frequent errors that often develop into conflicts, but have a low conflict to
accident ratio. From a traffic safety point of view, both kinds of erroneous behaviour are
important indicators that should be observed and interpreted carefully.
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Correct driving behaviour and task analysis

The following short paragraph forms a transition to the last chapter of this contribution, so
that it can be read without loss of continuity; Fastenmeier & Gstalter (in this volume) deal
with the subject of driving task analysis more thoroughly.

Counting driver errors and estimating reliability is easily done using given error lists for
certain driving tasks, but always yield arbitrary results as long as the definition of errors is
not derived as a deviation from correct behaviour. Error research in traffic systems has to be
based on driving task analysis. As Rasmussen (1990, p.1185) puts it: “Errors cannot be
studied as a separate category of behaviour fragments; the object of study should be
cognitive control of behaviour in complex environments”. Driving task analysis thus seems to
be a necessary prerequisite as a conceptual base for error definition and observation. This
assessment has never been questioned, but with the lack of a method for driving task
analysis only been of theoretical value. This may change in the future when new procedures
for task analysis become more feasible like the SAFE method (see Fastenmeier & Gstalter in
this volume, Fastenmeier & Gstalter 2007). 

Summary and Conclusions

The development described in the forgoing sections can be summarized and visualized on
the safety continuum as shown in Figure 2.

Risk

Frequency

Accidents Conflicts Errors and
violations

Correct
Behaviour

The Safety Continuum
1 2 3

Figure 2: The Safety Continuum (numbers refer to respective chapters in the text)

Starting with the dissatisfaction about accident statistics as a safety indicator, the traffic
conflict idea was born. Although a step into the right direction – even literally – also conflicts
represent rare events that can only be gathered with a lot of effort and patience. Changing
the focus to erroneous behaviour in general was a natural continuation of the basic concept
of “surrogate measures” and was supported by experiences in other fields of research and
practice. Clear definitions of driver errors, however, need a description of correct behaviour
in well defined driving tasks. In the end, the described development of traffic safety research
has shifted from accidents to normal driving behaviour thus sliding along the whole safety
continuum.
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Has this only been a development in the way fashions change with time or has there been a
real progress in concepts or methodology? We think the latter is true, because of the
following arguments.

• A multitude of methods for different purposes has become available:
With the conflict techniques, error research methods and task analysis procedures we have a
wide variety of methods today that can be readily adapted to the actual research question.
Of course, the methods mentioned can be further supported by all kinds of documentation
(vehicle dynamics, video recordings) and questionnaires or video confrontation. All of these
data sources are additional tools to classical accident research and not meant to replace it
(despite the fear of some incorrigible accident researchers). A recent example that a safety
problem can be analysed using knowledge from all these sources very effectively is the topic
of older drivers (Department for Transport, 2001).

• Greater efficacy of data gathering and better reliability of surrogate measures:
With the shift from rare to frequent events the efficacy of a study rises steeply, but more
important is the shift from events that are extremely depending on chance to events which
have a higher degree of reliability. This holds true for pooling data on a given traffic site as
well as on a certain driver that has to be evaluated in his personal driving ability. The split-
half reliability of error data is higher then the respective reliability of conflict or even accident
counts.

• A more precise description and a deeper understanding of accident generation processes
is reached: Especially task analysis can help to understand the respective perceptual,
mental and motor requirements of respective road traffic situations. If requirements are
not fulfilled, the researcher can e.g. use video confrontation and will be able to find
reasons (instead of causes for errors as in accident research). The actions of traffic
participants can be observed (and recorded) in real time. It can be observed what went
wrong (which kind of error happened), meaning which requirements were not fulfilled).
The error can exactly be adjoined to parts of the traffic site (“segments”) and to well-
defined subtasks.

• Field testing of hypotheses developed from theories of driver error is seen to be a far
more valid and arguably more cost-effective method of improving road safety than relying
on post hoc subjective assessments of error contributions to accident statistics.” (Brown,
1990, 1307). But besides studying mechanisms of error production it would be helpful to
understand the personal and environmental constraints of error correction or successful
recovery from error in road traffic, respectively. This could be a valuable research field in
the future.
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