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In recent years, the amount of information that has to be processed by car drivers has
increased: there is more traffic on the roads than ever, information systems have been
introduced both outside (variable message signs) and inside the car (route guidance system,
telephone, fax, television). A reasonable question is whether this increase in information
raises the risk of traffic accidents. Drivers can only process a limited amount of information
at the time, and they may be distracted by irrelevant information.

Much research on the effects on traffic safety of the introduction of in-car information
systems has been conducted within the workload framework. Within that framework,
processing of information from information systems is considered a task additional to the
main task of driving a car. Performing a subsidiary task is assumed to increase the mental
task demands on the driver and research has thus focussed on the effects of secondary task
performance on mental workload during driving. Drivers have performed various secondary
tasks while driving, including various working memory tasks, mental arithmetic tasks, and
driving with complex information systems, such as visually complex route guidance
systems. Driver mental workload has been measured using measures of driving behaviour
(e.g., speed, variations in lateral position) and measures of mental effort, both
psychophysiological measures (e.g., heart rate and its variability) and self-report measures,
such as short questionnaires and rating scales (see de Waard, 1996, for an overview of
research on mental workload and car drivers).

The main results showed that in-car systems can indeed increase mental effort invested.
However, they also showed that drivers often change their behaviour when dealing with
high task demands. For example, when driving with visually complex route guidance
systems, drivers increased their distance to the car that was driving immediately in front
(Noy, 1989) or reduced their driving speed (Pohlman & Traenkle, 1994). These behavioural
adaptations decrease the actual task demands, as drivers give themselves more time to react
to traffic situations. De Waard (1996) noted that goal setting is an important factor in
driving and that strategies to deal with high task demands play a large role, “leaving a part
of the regulation of task demands in the drivers’ hands”. Strategy choice thus partly
determines the outcome of workload measures and the actual level of task demands. Choice
of strategy consequently has effects on the level of traffic safety. However, the strategies
drivers use in dealing with high task demands have not been under direct investigation and
at present, effects of high task demands on driver strategies are not entirely clear. The
present thesis will therefore focus on these strategies.
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To understand drivers’ strategies in dealing with high task demands, it is necessary to
realise that task behaviour is not random, but aimed at attaining certain task goals. The way
a subtask is performed, if it is performed, depends on the value attributed to the associated
task goal. During high task demands, not all subtasks can be performed due to time pressure
and perceptual, cognitive and motor limitations; therefore subgoals have to be traded off
against each other. Drivers’ strategies in dealing with high task demands therefore need to
be understood in terms of setting and prioritising of the task goals that the subtasks aim to
satisfy.

Driving a car fulfils the goal of reaching a planned destination. However, during driving,
many different goals and subgoals are operating at the same time. Some tasks are
performed to attain subgoals of the driving task, such as overtaking, merging into the traffic
stream, or negotiating an intersection, but other tasks serve goals external to the driving
task, for example, tuning the radio, peeling an orange, answering the car telephone. In order
to understand how drivers deal with high task demands, it is necessary to understand the
relative value of these subgoals. For example, from a workload perspective, processing
information from in-car route guidance systems is a task additional to the driving task, just
as processing information from a collision warning system or a traffic information systems:
all these tasks are assumed to increase the task demands on the driver. However, in terms of
goal priorities, some types of “additional” information are highly relevant for the task goals
in driving: processing route guidance information serves a major goal in driving, that of
arriving at the destination, and it can be assumed that it receives more priority than
processing weather information, for example.

At present, however, it is also unknown whether drivers prioritise their subgoals in a
consistent manner. Also, not much is known about how drivers set and evaluate the values
of the various subgoals. Indeed, an important concern in driving behaviour research has
been that drivers are distracted by irrelevant information rather than remaining focused on
the driving task. This indicates that drivers may not always assign high priority to the main
driving task.

Main research question
The main research question that this thesis therefore tries to answer is how drivers during
high task demand situations assign priority to the various (sub)goals, and hence to the
various (sub)tasks. More specifically, do drivers adapt their behaviour in high task
demands, do tasks that are irrelevant to the driving task receive less attention than relevant
tasks, how do drivers choose between goals when they are equally relevant for the main
goal in driving? These are important questions: car driving is a time-critical and safety-
critical task, and the assignment of priorities to subtasks may be of vital importance, both
for the driver and for other traffic participants.
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How do drivers set their goals, choose between conflicting goals, deal with emergency
situations, remember the goals they have set, and prioritise the goals? These questions refer
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to what I will call goal management in this thesis. These questions have not been studied in
car drivers but have been studied in other complex dynamic tasks such as air-traffic control
and industrial process operation. Relevant theories and experimental results of these studies
will be discussed in Chapter 3 and Chapter 4.

The next chapter (Chapter 2) will start with providing some theoretical background on
developments in traffic psychology to explain why these questions are of theoretical
importance as well. This will be followed by a short description of the driving task as a
hierarchical task with concurrent activities at different levels. It will be noted that at present
it is not established how drivers choose among goals during driving.

Performance in other complex dynamic tasks will be discussed in Chapter 3 as far as it is
relevant for the present research questions. This chapter will describe the demands placed
on operators in such tasks, and discuss how operators deal with these demands. It will also
discuss psychological and cognitive factors in performing and learning complex tasks. It
will be argued that complete automaticity does not exist. Even behaviour that runs of
autonomously is goal-dependent, is not entirely data-driven, and can be interrupted at will.
Also, environmental information is very important in expert task behaviour. Most
importantly, it appears that in routine task behaviour not simple specific stimulus-response
chains run off, but rather general strategies of dealing with the environment.

Chapter 4 will deal with goal management. The chapter will start with a discussion on goal
properties. Some researchers believe that goals have motivational qualities: they create a
“goal tension” to achieve the goal, which increases as long as the goal has not been
achieved. Others believe that goals or intentions are declarative information that needs
rehearsal to prevent decay in memory. How goals are traded off against each other is also
discussed in this chapter, the main conclusion being that operators try to protect their main
task goal when dealing with high task demands.

As the main goal in driving is to arrive safely at the destination, it can be expected that car
drivers focus on this goal despite information overload and that they resist distraction.
Chapter 5 will discuss the literature on workload and car driving to find whether there is
evidence for this assumption. At the end of Chapter 5, the research questions, formulated
only tentatively above, will be formulated more precisely, and the experiments, which will
be discussed in the three chapter that follow, will be introduced. This thesis will end with a
discussion on the main experimental results and will indicate the theoretical and practical
implications of these results (Chapter 9).


