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DRIVER BEHAVIOUR.MODELS AND ACCIDENT CAUSATION

The introduction of RTI systems in the car may lead to different

changes in drivers behaviour. Some of these changes may have

unwanted effects, and even lead to an increased risk for traffic

accidents. It is therefore of greatest importance to investigate

what behavioural changes different RTI systems, and combination

of systems, may lead to. To more in detail know what changes to

look for, some kind of theoretical framework is needed. The

purpose of this paper is to suggest such a framework. This is

done by an analysis of the drivers behaviour, mainly from a

cognitive and perceptual perspective. A literature review

bearing on factors associated with traffic accidents is also

carried out. The literature review serves as an illustration and

test of the proposed cognitive and perceptual perspective.

The perspective used here will be functionalistic. This means

that we will focus on the functions a driver must be able to

perform, in order to drive a car (any car) safely. Compared with

other analysis of the drivers task (McKnight & Adams, 1970;

Brown, 1986; Rumar, 1986) this approach is more directly

oriented toward the safety aspect of car driving. This is done

by starting with the question of what the driver should do (in

order to drive safely), rather than by asking what the driver

actually is doing. We will also try to find general aspects of

car driving, general in the meaning that they exist independen

tly of how car driving is categorised.

Furthermore, the drivers achievement in a traffic situation will

be seen as a function of task demands, and the drivers different

resources/abilities. In other words, we are always dealing with

an interaction between the drivers different resources, and the

demands of the driving task. This means that we must look for



important aspects in driving tasks, as well as in the driver.

Psychological aspects of car driving

From a psychological point of view car driving has some

important aspects. It can be seen as a dynamic control task

(Rouse, 1981). It is dynamic because a part of the traffic

environment is continuously changing. Road users, including the

driver, are continuously changing their position and speed,

while roads and the infrastructure remain fairly constant over

time. One consequence of this is that the driver must

continuously monitor relevant parts of the traffic situation.

This means that the driver must have knowledge about where and

when to look for relevant information.

Another characteristic of this dynamic control task is that, at

least during daylight conditions, it contains an enormous amount

of potential information. During nighttime traffic, the situat-

ion is different, especially concerning information in the

visual mode. One consequence of this amount of potential

information is that the driver must be able to select relevant

information from a changing traffic situation. The driver must

consequently have knowledge about what is relevant information

in different traffic situations.

A third characteristic of the traffic environment is that it

contains chance events, or various degrees of uncertainty

(Summala, 1985, 1986). The degree of uncertainty depends upon

the extent to which the traffic environment is regulated, and

the degree to which road users obey these regulations. One

consequence of this uncertainty is that the driver never will be

able to predict everything in a traffic situation with perfect

accuracy. In other words, some accidents will be the product of

random events (Summala, 1986).

From a psychological point of view this means that the driver

must constantly adapt to a changing, complex, and partly

probabilistic environment. To do that, the driver must,



according to Conant and Ashby (1970), develop a model of the

environment.

This model must have a taxonomy of different traffic situations,

specify elements in different traffic situations, important

attributes of different elements (for instance speed, direction

and intention). It must also specify where and when to look for

important information. Knowing what to look for in different

traffic situations, represents the drivers basic knowledge about

what is important information. The other two aspects, knowing

where and when to look for something, represents spatial and

temporal aspects of the drivers knowledge.

In other words, the drivers expectations in different situations

will be guided by the drivers model of the situations. If the

model is very distinct, then the driver will have clear

expectations of what will happen in the situation, and if the

model is vague, then the driver will have unclear expectations.

These expectations can be seen as the drivers predictions or

hypotheses about what can and will happen in a certain

situation.

Besides guiding the drivers information acquisition this model

will also make it possible for the driver to make internal

simulations, or predictions about what will happen in different

traffic situations. Thinking can, according to Yates (1985), be

seen as a simulation of the world. By simulating the development

of different traffic situations, the driver may be prepared to

avoid dangerous situations, or act adequately.



Which human functions are involved in car-driving?

In accordance with the cognitive and perceptual orientation we

will see the driver as an information processing system. To

drive a vehicle safely, the driver must be able to perceive,

attend to, and comprehend relevant information. Based upon that,

the driver must be able to make decisions about how to handle

the car, how to interact with other road users etc. The driver

must also be able (have the relevant skills), and willing

(motivated) to implement these decisions into different

manoeuvres, monitor the result(s) of the manoeuvres, and, if

necessary, make new adjustments.

Consequently, a driver must have access to perceptual,

cognitive, and motor functions. Perceptual and cognitive

functions to perceive, attend to, interpret, predict, and make

decisions during the task of driving, and motor functions to

implement the decision(s). The driver must also be motivated to

use these functions in a suitable way.

Accident generating factors

Factors that strongly interfere with the drivers perceptual,

cognitive, and motor functions will here be seen as potential

sources for accidents. This means that anything that prevents

the driver from perceiving, attending to, and comprehending

relevant information may, in the long run, increase the risk for
 

an accident. The same goes for anything that lowers the drivers

motivation to perform necessary actions, or prevents the driver

from making correct decisions, or from implementing the

decisions in a suitable way.

In the next section of the report we will make a review of

studies concerning how different perceptual, cognitive, and

motor functions are associated with traffic accidents. This

review will serve as an illustration of the cognitive/perceptual

analysis, and give ideas about which changes of driver behaviour

to look for in future research.



Which human functions are correlated with accident involvement?

Perception of information

Hills (1980) concluded that perceptual errors were the most

frequent explanation for accidents. We would, however, like to

stress that perceptual and cognitive processes are not possible

to separate. For instance, to be able to perceive something, a

driver must know what "something" looks like, where and when to

look for that "something". In other words, perception and

general knowledge about traffic situations are strongly related.

This general knowledge is stored in a drivers memory systems,

and consequently memory and perception must be related. Hills

conclusion should (according to the view proposed here) be that

perceptual and cognitive errors were the most frequent.

Treat (1980) found that recognition errors (which includes

perceptual and cognitive processes) and decision errors were the

most dominant explanations for accidents.

According to Hills (1980), there exist a correlation between

drivers' vision and accident involvement. In a large-scale study

by Burg (1967, 1968) it was found that some aspects of vision

(static and dynamic acuity) showed a correlation with accident

involvement, but that this correlation was very weak, and only

reached significance for drivers over fifty four years of age.

Treat (1980), on the other hand found that a test of dynamic

visual acuity was consistently and significantly related to

accident involvement.

A conclusion here is that vision, or at least some aspect(s) of

vision, is correlated with accident involvement, but that the

correlation is very low.

One of several reasons for this may be that car driving to some

degree is a self-paced task, and drivers with a poor visual



ability can avoid driving under conditions that would create

problems for them (darkness, fog, complex traffic situations

etc). If drivers with a poor visual ability were driving in the

same situations, and in the same way as drivers with normal

vision, then the effects of a poor visual ability would most

likely be more pronounced. Some support for this argument can be

given by a study of bus drivers in Finland. Häkkinen (1958)

studied bus- and tram drivers whose tasks were paced by time

schedules, which meant that much of the self pacing aspect was

eliminated. Under those conditions drivers with a somewhat low

eye-hand coordination ability, and somewhat slower reaction had

more accident than other drivers. The point to be made here is

that when the drivers ability to "self-pace" the task of driving

decreases, then effects of a low ability in some function may be

more pronounced. If we take the results from the study of

Häkkinen for granted, this may mean that the more the traffic

system is regulated, the less possibilities will there be to

"self-pace" the task of driving. This may lead to a situation

where individual differences in important functions are leading

to a higher accident frequency.

Another explanation for the low correlation between visual

ability and accident involvement is, of course, that people with

a severe visual impairment are not allowed to drive a car. In

other words, we have a restriction in the variation of vision,

and consequently a rather low correlation between visual ability

and accident involvement. If people with a severe visual

handicap would be allowed to drive a car (and actually did so)

then the correlation between vision and accident involvement

would most likely be higher.

Still another explanation can be that the tests used to assess

drivers visual capacity are measuring too simple aspects of

drivers vision. More complex tests of vision may have a better

predictive validity.



Detection of relevant information

Another fundamental task that a driver must be able to perform

is to detect objects of relevance in different traffic

situations. A prerequisite for that is, of course, that the

driver can classify traffic situations into different

categories, and knows what is relevant information in the

different situations. The driver must also know where and when

to look for important information (in different situations).

This knowledge will be represented in the drivers memory

systems, and represent the drivers hypotheses, or anticipations,

about what, when and where to look for important information in

different traffic situations.

The task of detecting relevant information can be more or less

difficult depending upon the difference between the object and

its background, visibility factors, the complexity of the road

net etc. The embedded figures test, which measure peoples

ability to detect a figure in a background of visual noise, has

been found to correlate with accident involvement (Harano,

1970). Those who had high scores on the embedded figures test

detected more road hazards than those who had low scores.

Detection of relevant information - temporal aspects

Due to the dynamic nature of traffic situations it is also

necessary for a driver to detect relevant information before it

is too late. In their classical work Gibson and Crook (1938)

introduced the concepts field of safe travel", and "minimum

stopping zone". As indicated by these concepts, a drivers

ability to detect a dangerous situation in time seems to be an

important variable for safe driving. Some support for this

assumption comes from Brown (1982), who showed that young novice

drivers were relatively unsuccessful at identifying distant

traffic hazard. This may be one reason for young drivers high

involvement in traffic accidents.



Attention to relevant information

Besides being able to detect objects of relevance in different

traffic situations, a driver must also be able to attend to the

objects for the time needed. Or to take a suitable number of

samples from important sources of information. For instance, a

driver must focus his/her attention on a pedestrian in order to

assess if s/he will try to cross the street or not. Or take

visual samples from other road users to determine their speed,

direction and intention. If a driver by some reason(s) is

prevented from doing this, then s/he will not be able to predict

what will happen in a traffic situation. Therefore it is not

surprising that tests of selective attention, the ability to

attend to some specific aspect of the environment, seem to play

a role in accident involvement. For instance, Gopher and

Kahneman (1971) found that a test of selective attention

correlated with pilots' training performance. In the same way,

Kahneman, Ben-Ishai and Lotan (1973) found that the same test

correlated with road accident involvement of bus drivers.

Avolio, Kroeck, Panek (1985) also found that tests of selective

attention correlated with accident rates. Treat (1980) found

that inattention and internal distraction were among the five

most frequent reasons for an accident.

Judgmental processes

In some situations a driver cannot directly perceive important

aspects of a traffic situation. For instance, it is sometimes

impossible to directly perceive the reason for other drivers

behaviour, or the intention of other drivers. It is also

impossible to directly see what will happen in the near future

in a traffic situation. In situations like these, a driver must

use the available information in a traffic situation and make a

judgement about the unobservable event, or go beyond the

information given" (Bruner, 1957).



Different approaches to the study of judgmental processes

Hammond, McClelland, and Mumpower (1980) listed six different

approaches to the study of judgmental processes.

1. Decision theory (DT). In DT the focus is upon choice between

different alternatives. Basic parameters are: a) the value of

each alternative, b) the probability of the alternatives. A

common finding within DT is that people sometimes deviate from

optimal strategies when choosing between different alternatives.

2. Behavioural Decision Theory (BDT). The focus in BDT is on the

decision makers revision of subjective probabilities when facing

new and challenging information. A common finding here is that

people don't change the probability of an event fast enough when

they face refuting evidence. People have a tendency to cling to

old ideas longer then they should, according to normative

principles (Bayes theorem).

3. Psychological Decision Theory (PDT). The aim of PDT is to

explain why people often deviate from optimal performance when

making judgements. Explanations are often searched in peoples

cognitive processes, for instance how memory, perception, and

experience under certain circumstances can cause systematic

errors. A common finding here is that people often use rather

simple heuristics (rules of thumb) when making judgements of the

probability of events, and when classifying objects or events

into categories.

4. Social Judgement Theory (SJT). The focus of SJT is on the

interaction between the decision maker and the environment. More

specifically how different properties of the environment will

affect peoples ability to make correct judgements. One clear

conclusion from studies using this orientation is that people

have difficulties to make optimal judgements when they are

confronted with tasks containing uncertain information. The

randomness in such a task seem to produce a similar randomness

in peoples behaviour.
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5. Information Integration Theory (IIT). IIT has its focus on

how people integrates different kinds of information from the

environment. The attempt is to find the "cognitive algebra" that

people are using in different cognitive activities.

6. Attribution Theory (AT), finally, has its focus on how people

are making causal attributions of events in the world. Or, put

another way, the laymans understanding of why things happen in

the world.

From these different approaches to the study of human judgement

and decision making some tentative conclusions can be drawn.

First, it seems clear that people are not totally rational

decision makers. In some situations people seem to be using

rather simple heuristics to cope with complex problems. The use

of these heuristics probably works effectively most of the time,

but may in some situations lead to errors. In some situations

people also have the tendency to cling to their old beliefs

longer than they should, seen from a normative point of View.

People also have problems to cope with situations where a

certain degree of randomness is present.

The study of drivers judgmental processes

In this section we will review some studies concerning drivers

judgmental processes.

When a driver has seen, detected and paid attention to objects

and other road users in a traffic environment, then s/he must be

able to make judgements about important aspects of these objects

and road users. For instance the speed, direction, distance, and

intention of other car drivers. The driver must also make

judgements about a suitable speedlevel, adapted to other road

users behaviour and to environmental factors. From the result of

these judgmental processes the driver will act. From.many

studies (i.e. Saby and Staughton, 1975; Treat, 1980; Cowley,

1987; Nilsson, 1981; Vulcan, 1986) excessive speed has been

identified as a very important factor in accidents. That is,
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drivers are often making incorrect judgements about a suitable

speedlevel.

Concerning the judgement of other road users speed, Hills and

Johnson (1980) found that subjects tended to underestimate high

speeds, and overestimate low speeds. They also found an age

effect, in that older drivers on average gave lower speed

estimates than younger drivers.

Rumar and Berggrund (1973) studied drivers' overtaking behaviour

and found that subjects had difficulties in making correct

judgements of the distance and speed of an oncoming car. It was

suggested that drivers primarily made use of the estimated

distance to the oncoming vehicle as a cue for the decision

whether to overtake or not.

Another type of judgement a driver often must do is to decide

upon a suitable distance to the vehicle in front. Evans and

Wasielewski (1982) found that accident involved drivers and

drivers cited for violations accepted a smaller distance to the

vehicle in front compared with accident-free and citation-free

drivers.

Hills (1980) also noted that poor judgement of the driver seems

to be a major reason for turning-right accidents, and also for

overtaking accidents.

Implementation of judgements into action

After a driver has seen, detected, paid attention to and made

judgements about speed, direction and intention of other road

users, then s/he must act in accordance with his/her judgement

of the situation. This involves at least three aspects. One is

the ability to act fast enough, which is often studied as

reaction time to some event. Another aspect is if the driver can

act according to his/her plan. This has to do with the drivers

level of skill, in combination with characteristics of the

vehicle. A third aspect is the drivers ability to act in a
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consistent manner, that is, to use his or her knowledge in a
 

consistent way. Research within human judgement and decision

making has shown that subjects performing probabilistic tasks

often behave in an inconsistent way (see for instance Brehmer,

1973).

The first aspect, which has to do with the drivers reaction

time, has been investigated to some degree. Little relationship

has been found between simple reaction time and accident invol-

vement (Goldstein, 1961). This does not necessarily mean that a

drivers ability to react quickly enough is of no importance. How

quickly a driver ,must react will to a certain degree be

dependent upon the drivers way of driving. A driver who drives

in an aggressive way will be more dependent upon this ability

than a driver who drives more relaxed. It will also depend upon

how predictable a traffic situation is. If road users always are

behaving in the same way in a situation, then it is possible for

a driver to predict what will happen, and the importance of a

quick reaction is not high at all. On the other hand, in a

situation where unexpected events can happen, a quick reaction

might be of utmost importance.

Concerning the drivers ability to act according to his or her

plan, then it has been noted (Treat, 1980) that "improper

manoeuvre" , "overcompensation" and "improper driving technique"

seems to play some role in accident involvement.

The drivers judgement of his/her own abilities

As a driver of a car, it seems necessary to have access to the

above mentioned functions, but it is not sufficient. To be able

to decide upon how to drive in different situations (i.e. choice
 

of speed level, decision concerning overtaking etc.), a driver

must make a judgement concerning the performance limits for the

system consisting of him or herself, the car, and the traffic

situation. Put simpler, how s/he can handle the car in different

situations. This represents a complex decision making process.

From a logical point of view this represents a metacognitive
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process, and due to its nature it must be developed after the

basic abilities have been learned. As input to the process the

driver needs knowledge about how his or her performance

(reaction time, eye hand coordination etc.), varies under

different circumstances (different degrees of alertness etc.).

The driver also needs knowledge about how the vehicle reacts

(steering dynamics, how it responds to control actions etc.), in

different manoeuvres, at different speed levels. Finally the

driver needs knowledge about environmental conditions, road

friction, side winds, etc., that can have an impact on the car.

It seems reasonable to assume that the learning of this task

must take a rather long time. Consequently this might be one

reason for the high accident involvement for young drivers.

Before a young driver can learn his or her limits of performance

under different traffic and environmental circumstances, then

s/he must make some experimentation with the car. This means,

among other things, to vary his or her behaviour to assess the

consequences. The high accident involvement for young drivers

might in this way reflect a learning process.

Several researchers have also shown that the majority of drivers

believe themselves to be more skilful than the average driver

(see for instance Finn and Bragg (1989), Matthews and Moran

(1986), and Svenson (1981)).

The drivers motivation to drive safely

Näätänen and Summala (1974, 1976) and Summala (1985) are

stressing the importance of the drivers motivation as a

determinant for behaviour in traffic. Different motives, for

instance the general tendency to avoid extra time and effort on

the road, competitive behaviour, sensation seeking, will push

drivers toward driving faster and faster. Safety measures aiming

at improving cars and roads will often fail to reduce accidents

because drivers will drive faster, or overtake more frequently.

Generally the driver does not feel any accident risk when

driving, and Consequently s/he has no motivation for driving
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slower when the car or the road becomes more effective.

In contrast to Näätänen and Summala, Wilde (1976, 1982)

suggested that individuals have a certain desired level of risk,

and is striving to keep that level constant. The implication of

Wildes theory is that elimination of risk from the road will

lead the driver to seek risk elsewhere, with the purpose to

maintain the desired risk level.

Fuller (1984) criticised both the view proposed by Näätänen and

Summala, as well as the one proposed by Wilde. Instead Fuller

proposed that car driving should be seen in terms of learning

theory, and particularly as threat-avoidance. Fuller noted that

stimuli in the road environment may come to have an aversive

quality for the driver.The driver will try to avoid these

aversive stimuli, and in doing that different control actions

will be reinforced. In this way a driver will, according to

Fuller, develop his or her driving style.

Factors influencing the drivers functions?

Besides these basic functions we must take into account factors

that affect the drivers ability to function as an information

processor. Stress, fatigue and alcohol are examples of such

factors, and they have all been found to correlate with accident

involvement.

Concerning emotional stress, Selzer and Vinokur (1974) has found

that people with many negative life events (e.g. financial

problems) are more involved in accidents. McMurray (1970) found

that if someone goes through a divorce (which normally is a

stressful experience), then s/he will have a higher probability

to be involved in an 'accident.

Fatigue is believed to be responsible for a rather high

proportion of all single vehicle accidents on rural highways.

O Hanlon (1978) estimated fatigue as responsible for between 14

- 24 % of all single vehicle accidents on rural highways.
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Alcohol is probably the major reason for accident involvement.

Zylman (1975) suggests that alcohol is a major reason in about

30 % of fatal accidents.

Conclusions

The results from the studies reported above, in combination with

the theoretical analysis, suggests that there exist a correla-

tion between the following human abilities and traffic

accidents.

1. Perceptual abilities, at least some aspect of vision.

2. A drivers ability to detect relevant information.

3. A drivers ability to detect relevant information in time.

4. A drivers ability to attend to relevant information.

5. A drivers ability to make correct judgements.

6. A drivers ability to implement judgements into actions.

7. A drivers ability to make a correct judgement about the

performance limits of his or her equipage.

8. A drivers motivation to drive safely.

There also exist some factors that can have a negative influence

on the drivers different functions. Stress, fatigue, and alcohol

are the most obvious examples.
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Implications for the study of behavioural changes and RTI

systems.

These conclusions have some general implications for studies of

changes in driver behaviour due to the introduction of RTI

systems. At first, it is important to investigate whether a RTI

system will influence a drivers ability to perceive, detect,

attend to, make correct judgements of, and implement judgements

into action.

For instance, a system that distracts the driver in a critical

situation (i.e. a strong and sudden warning signal when a driver

is overtaking a lorry) may have an impact on the drivers

ability to perceive, detect, and attend to important

information. A consequence of this is that the driver will lack

information for important judgements.

Second, it is also important to investigate whether a RTI system

will have an impact on the drivers motivation to perform

certain tasks. For instance, if the driver overestimates the

performance of a RTI system, then s/he may increase the risk for

an accident. For instance, if the driver overestimates the

effects of anti-lock brakes, then s/he may change his or her way

of driving, and in that way negate the positive effects of the

system. Another possible effect is that a driver has too much

confidence in a system, and therefore drives less active. For

instance, if a system for overtaking tells the driver that

overtaking is possible, then a driver may ignore to make

observations on his own.

Third, another topic of interest is if a drivers assessment of

his or her level of skill will be changed when a car is equipped

with different RTI systems. This is closely related to the

situation where a driver overestimates the performance of

different RTI systems, and it may lead the driver to cut down on

safety margins, increase speed level etc.

Fourth, it is important to see if a drivers stress level is

changed by the introduction of RTI systems. The stress level may
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be higher, due to a higher workload, or lower, due to a

simplified driving task. The effects of changes in a drivers

stress level will be dependent upon the traffic situation a

driver is confronted with. For instance, when driving alone on

an empty road, a higher stress level may increase the drivers

capacity to react appropriate. When the driver on the other hand

is driving in a complex traffic environment, in the rush hour,

then a higher stress level may lead to a sudden decrease in the

drivers capacity.

Closely related to the effects of different levels of stress is

fatigue. If a RTI system makes the driving task less

stimulating, or even makes the driver to a somewhat passive

supervisor of the system, or makes it possible to drive very

long distances, then it is likely that a driver will react with

being bored and tired.
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