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The main research question in this thesis referred to goal management in drivers, especially
in situations of high task demands. Previous studies showed that drivers often deal actively
with task demands, for example by reducing driving speed in high-demand situations.
However, the strategies drivers use in dealing with task demands had not been studied in a
systematic way. These strategies were therefore the object of study in the present thesis. On
the basis of a review of the literature, a number of assumptions and hypotheses were
formulated.

The central premise of this thesis was that task behaviour is essentially goal directed, that
is, aimed at fulfilling a certain task goal. On the basis of research on task demands in
complex dynamic tasks, it was assumed that strategies in dealing with high demands serve
to protect the main task goal, which may be at the expense of subsidiary-task goals. The
driving task is a multi-task activity and two or more task goals can therefore be active
simultaneously. The driving task is often regarded as a task where task behaviour takes
place at hierarchically different levels. At the lowest level, operational behaviours take
place such as steering, braking, and speed control; the intermediate level accommodates
tactical behaviour, which includes overtaking, merging, negotiating intersections; at the
“strategic” and highest level in the driving task, decisions are made regarding means of
transportation and route to drive.

It was hypothesised that drivers’ strategies in high task demands would be aimed at
protecting higher-order task goals, which might (but need not) result in neglecting lower-
order task goals. As the main goals in driving are to arrive at the destination and to do so
without accidents, it was furthermore hypothesised that these two goals would dominate
over all other task goals in driving. It was additionally hypothesised that internal task goals,
i.e., task goals that are inherent to the driving task, are given more priority than external
task goals, such as talking to a passenger or performing a memory task as these tasks are
unrelated to the driving task.

In light of the central role that goals play in this thesis, the nature of goals themselves was
also studied. Goals to which one has committed oneself are called intentions. The literature
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on goals and intentions is equivocal regarding their nature: some authors believe that once
intentions have been formed, they are remembered and executed automatically, but others
argue that intentions may be forgotten and that they may not be executed at the intended
time or place. On the basis of empirical evidence, it was hypothesised that intentions are
subject to disruption and can be forgotten similar to other declarative information. This
question was examined in the last experiment (Chapter 8).

In summary then, the main hypotheses were:

1. Drivers give more priority to tasks that serve higher-order goals than tasks that serve
lower-order goals in the driving task.

2. Drivers give more priority to tasks that serve goals that are part of the driving task than
external tasks.

3. Drivers’ main priorities in driving are to arrive at the destination and to prevent
accidents.

4. Collision avoidance is more important than knowing the route to drive.
5. Intentions are of a declarative nature, and are subject to interruption and decay.
This chapter will first summarise the main results of the three experiments described in the
previous chapters. It will then describe some theoretical implications of these results, and
will end with a few practical implications for the design of information and driver support
systems.
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9.2.1 Experiment 1: Conflicting goals at same level
Experiment 1 tested the hypothesis that drivers assign higher priority to subtasks that are
directly associated with the driving task rather than to other subtasks, even if these subtasks
are at the same hierarchical level of the driving task. More specifically, it examined
whether map reading is considered more important than performing a memory task. The
memory task consisted of adding up the lengths of traffic queues presented auditorily, and
was therefore not relevant for the driving task. It was generally assumed in this thesis that
the main goals in driving are arriving at the destination and avoiding accidents. Finding the
route to drive is therefore a task goal that serves one of the highest goals in driving, and it
was hypothesised that it would receive more priority than the memory task, in high task
demands situations. Conditions were driven in high and low traffic densities, the idea being
that the increased task demands of driving in high traffic density cannot be neglected by the
driver in the same way as a memory task can be. It was hypothesised that drivers might
increase their effort, or change their driving behaviour, for example by driving more slowly
in heavy traffic.

The results showed that drivers were indeed prioritising their task goals in a consistent
manner. Memory task performance was worst in the map reading condition where driving
speed was highest, indicating that in that condition, drivers gave more priority to reading
the map than to performing the memory task. The memory task was performed best when
demands from the route finding task were low. This clearly supports the hypotheses
regarding task priorities. Interestingly, drivers only reduced their driving speed when
driving with a map and in high traffic density, but not as a result of performing the memory
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task. Lowering driving speed can be interpreted as a way of reducing task demands.
Apparently, drivers did not value the memory task sufficiently important to reduce driving
speed; rather, they neglected performing the memory task more in difficult conditions, as
predicted.

The speed reduction in high traffic density suggests that drivers preferred to reduce the task
demands rather than increase their mental effort. The effort data indeed showed that the
different traffic density levels were associated with similar levels of mental effort. The
speed reduction in the map conditions, however, did not result in less effort invested,
probably because drivers still needed to perform the difficult task of reading the map while
driving. It was tentatively concluded that increases in demands of the primary (driving) task
are dealt with by behavioural adaptations in the driving task, whereas increases in
secondary task demands are met by neglecting the secondary task if demands increase
beyond where drivers can or want to deal actively with the demands.

9.2.2 Experiment 2: Driving speed and mental effort
It is often found in research on driver behaviour that driving speed is reduced in high task
demands (see also Experiment 1), and it is assumed to be a strategy to reduce actual task
demands. Experiment 2 investigated the relation between driving speed and mental effort
directly: is a higher driving speed indeed associated with an increase in mental effort
invested, all other things being equal? Drivers were driving in different speed conditions.
They were asked to drive as fast as they could, as if they were in a hurry; to drive as
accurately as possible, as if taking a driving test; and finally, to follow a fast-driving car,
which also resulted in a high driving speed. All these speed conditions were driven with
and without a memory task: auditory traffic information was presented throughout a
condition, after which drivers should name the length and location of the longest traffic
queue in that list. It was hypothesised that drivers would neglect the memory task when
driving fast.

All other things being equal, driving fast indeed required more effort than driving more
slowly, as measured by heart rate and by self-reported mental effort. Heart rate variability
also showed more effort in the Fast condition than in the Accurate condition, but this
difference did not reach statistical significance. The difference in HRV between Fast and
Car Following conditions on the other hand was significant, even though in both conditions
driving speed was relatively high. Contrary to expectations, memory task performance was
not dependent on driving speed. Memory task performance was not better in the Accurate
condition than in the other conditions of higher driving speed. Actually, it was best in the
Fast condition, and worst in the Car Following condition, although differences between
speed conditions did not reach statistical significance.

It was concluded that these unexpected results were the result of an unintended aspect of
the experimental conditions. The route guidance messages in the Fast and Accurate
condition were embedded within the memory task. Drivers therefore only knew the route to
drive if they paid attention to the memory task. In these conditions, scanning the traffic
information for route information was therefore necessary irrespective of whether drivers
needed to process the traffic information as part of the memory task. In contrast, in the Car
Following conditions, the fast-driving car showed the route to drive and there was no need
for drivers to pay attention to the traffic information to know the route. This interpretation
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was supported by the fact that memory task performance was worst in the Car Following
condition; it also explains why the memory task had no additional effect on HRV in the
Accurate and Fast conditions. Drivers again appeared very strategic in their effort
investment: only when information is highly relevant for one of the main goals in driving
(knowing the route to drive) was it processed in high task demand situations.

9.2.3 Experiment 3: Goal management during an emergency
As in Experiment 1, the research question of Experiment 3 dealt with the assignment of
priorities to conflicting goals at the same behavioural task level, but in Experiment 3, the
research question concerned choices between two tasks that both serve the highest goals in
driving: arriving at the destination, and avoiding accidents. Drivers received complex route
guidance messages just prior to an intersection. In some instances, drivers were confronted
with an emergency traffic situation when they entered that intersection: a car from the left
arrived at the crossing but, violating Dutch traffic regulations, did not give priority to the
participant. This created a conflict between the two tasks of dealing with the traffic
situation and trying to remember the route guidance message. When thus forced to choose,
drivers were assumed to give collision avoidance more priority than processing the route
guidance messages. This would show up as more navigational errors after a traffic
emergency than after a normal traffic situation during the presentation of the route guidance
message.

As the general subject of this thesis regarded the way goals are managed by drivers, a
further research question concerned the nature of goals and intentions. Because of
contradicting theories on goals and intentions, it was therefore tested whether intentions,
i.e., goals to which one has committed oneself, are indeed vulnerable to decay, as other
declarative information, or not. In some conditions, therefore, the emergency traffic
situation occurred later in a condition when the driver was assumed to have already
committed the route to memory (the “later emergency” condition). If intentions are
declarative structures, then the emergency should also interfere with driving the route,
resulting in more navigational errors when the emergency occurred later in the condition.

Unfortunately, this last research question on the nature of intentions could not be answered
satisfactorily by the results obtained, as for unknown reasons, the number of navigational
errors were equally high for experimental participants and controls who received normal
priority. In other highly similar conditions without a traffic emergency, navigational errors
were substantially fewer. Obviously, the occurrence of a navigational error is a
dichotomous variable. These results of the “later emergency” condition may simply be a
matter of chance, but nonetheless, they make it difficult to examine the nature of intentions.

The results concerning dealing with the goal conflict were straightforward: when forced to
choose, all drivers dealt with the traffic situation rather than processing the route guidance
messages. In all emergency situations where three route directions were given, 41% of the
participants were not able to remember the route directions successfully and lost their way;
three participants were not able to avoid a collision, and also lost their way. This last
finding indicates that they did not regard the processing of the route information as their
main priority, either.

It was concluded that when put to the test, drivers’ main priority is with collision
avoidance, rather than processing information that is relevant for one of the highest goals in
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driving, arriving at the destination. It was concluded that collision avoidance serves the
higher-order goal of survival of the organism, but it is also a well-trained aspect of the
driving task, as many procedures in driving are only taught for reason of traffic safety.

9.2.4 Summary of findings
The previous chapters discussed three experiments in which the dynamic goal setting of car
drivers was examined. In all experiments drivers were presented with high task demands.
While driving, they had to add up and remember the total length of traffic queues presented
auditorily, while in some conditions, paper maps were necessary to know the route to drive
(Experiment 1); they had to establish the location and length of the longest of twenty traffic
queues, while driving fast through a complex urban environment (Experiment 2); or they
had to remember complex auditory route guidance messages while dealing with an
emergency traffic situation (Experiment 3).

An important finding in these experiments was the high level of performance that drivers
exhibited in many of these demanding situations. For example, in Experiment 2, drivers
were driving with high speeds through a complex urban environment with many
intersections to negotiate and other traffic to deal with, yet, at the end of such a ride, a large
majority of the participants was able to report the location and length of the longest traffic
queue out of a long list of other traffic jams. This high level of performance did, however,
not come easily as it was associated with high levels of effort expenditure. Interestingly
though, in a highly similar condition where participants followed a fast-driving car, lower
levels of performance on this memory task were found. In that condition, traffic queues
were remembered more poorly, which appeared to be caused by lack of effort investment. It
was concluded that a subtle difference between these conditions resulted in these large
differences: the traffic queue in formation also included the route guidance messages and
drivers therefore had to pay more attention to this auditory information than when
following a car showing the route to drive.

Taken together, these results indicate that task performance levels may vary largely because
of different levels of mental effort invested in the task. Especially the results from
Experiment 2 show that strategic decisions about effort investment determine task
performance, rather than inability or incompetence of participants. Effort investment
mainly depended on the underlying task structure. Investment of effort is thus not only
highly motivational but strategic as well, in the sense that high-priority goals are preserved.

The first two hypotheses on goal management (see page 96) were therefore supported by
the data. Measures of performance levels and measures of mental effort both indicated that
drivers give priority to tasks that serve higher-order task goals rather than to tasks that serve
lower-order task goals. This was also true for tasks that were performed at the same
behavioural level in the hierarchy in the driving task. Also, tasks that serve goals inherent to
the driving task received more priority than tasks not directly relevant for the driving task
as performed in these experiments. Results from Experiment 3 clearly supported the third
and fourth hypotheses on the main goals of drivers: drivers’ main priority appears to be the
prevention of accidents.

The last hypothesis regarding the nature of goals and intentions could not be answered
directly, but the large number of route errors after a traffic emergency indicates that at least
the formation of intentions is prone to interference. This supports the notion that intentions
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to perform certain actions are declarative. As already stated in Chapter 4, Crowder (1996)
suggested that intentions are in general only better remembered than other declarative
information because of more elaborate processing at encoding.
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This thesis started with a description of the driving task as a task where behaviour takes
place at different behavioural levels. As was discussed in Chapter 2, the concept of a task
hierarchy assumes top-down control. For example, when the decision had been made to
overtake, which is a decision at the tactical level, the driver has to speed up, check mirrors
and steer into the other lane, which are actions at the operational level. Because driving is
performed in a dynamic environment, bottom-up control is also important. For example, icy
roads may lead a driver to increase time headway to the car in front.

An important theoretical framework trying to link both these modes of control is the
hierarchical model of behavioural adaptation (Summala, 1996, 1997). This model provides
detailed mechanisms of how low-level driving behaviour takes place. An important concept
in the model is that of time margins, which denote the temporal distance of the driver to an
object. For example, time-to-line-crossing (TLC) is the time to cross either of the lane
boundaries if present course and speed remain unchanged. The model assumes that these
time margins are the control variables for drivers. When a time margin decreases under a
certain threshold, drivers will take actions to prevent the time margin to decreases any
further. Alternatively, when time margins are large, for example on an empty motorway,
drivers may allocate more time to additional tasks, or increase their driving speed. Driving
speed is an important factor, and drivers can often accommodate changes in time margin by
changing their speed. When time margins decrease, for example when road width
decreases, drivers may either slow down, or invest more effort. Van Winsum (1996) also
uses safety margins as a central concept in his adaptive behaviour model, and presents
evidence that factors that affect operational performance result in adaptation at the tactical
level, such that constant safety margins are maintained. Drivers with poorer operational
performance were found to drive with larger safety margins. For example, drivers who were
less skilled in perception-response coupling adopted longer time headways.

A major assumption regarding higher-order influences in the model of behavioural
adaptation is that drivers have an inherent motivational pressure “to go to the limit”, which
is reflected in the tendency to increase driving speed. This tendency to increase speed
originates from the main goal in driving: mobility. Higher driving speed “enlarges the area
we can reach in reasonable time” (Summala, 1996, p. 109). However, Experiment 2 showed
that drivers do not always “go to the limit”, but may contend themselves with task
performance at lower effort costs, depending on the task structure. It is also proposed that
temporary higher-order motives may change time margins. For example, being in a hurry
might decrease time margins, which leads to an increase in effort.

Whereas these models provide detailed mechanisms that may underlie the tactical
adaptations to changes at the operational level, higher-order influences on tactical or
operational behaviour are only roughly outlined. This led Van Winsum (1996) to conclude
that a major research question would be the study of how effort is allocated under forced-
paced conditions (where tactical adaptations may not be possible) and the effects of this on
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operational behaviour. The present thesis can be seen as an attempt to answer at least part
of that question.

Interestingly, Summala suggests that time margins, i.e., available time, reflect workload,
following Hancock & Caird’s (1993) model of workload in which workload is assumed to
increase as available time for action decreases. Thus, it is assumed that drivers adapt their
behaviour to changes in workload. The present thesis indeed provided evidence that
important strategic decisions concern the allocation of effort. Both the amount of effort that
drivers are willing to invest in their task behaviour, and the distribution of effort across
(sub)tasks were found to depend on driver strategies in task performance.

The general literature on performance of dynamic complex tasks provided some general
strategies in task performance that were helpful in explaining driver behaviour. Most
notably, the premises that task behaviour is goal-directed and that operators in such tasks
will always try to protect the main task goal were useful in describing and explaining driver
behaviour. Derived from these premises was the assumption that tasks serving higher-order
task goals, to arrive at the destination and to avoid accidents, are given more priority than
tasks that serve lower-order task goals. These assumption were supported throughout this
thesis.

Although workload or available time may be an important control variable in low-level
driving behaviour, the present thesis suggests that task strategies of effort allocation
determine actual task performance to a large extent. In order to understand driver
behaviour, it is vitally important to understand the strategies of drivers. The present thesis
indicates that for this, the goal that is being achieved by a (sub)task is more important than
the task itself. That is, the location in the goal hierarchy of a task goal determines its
relevance more than the location of that task in the task hierarchy. Control during driving
can thus be thought of in terms of relative priorities of task goals. On the basis of their
relative relevance in achieving more important task goals, task goals can be traded off
against each other. Thus, lower-level behaviour does not necessarily have low priority. For
example, collision avoidance can be described as behaviour at the lowest operational level,
but in actual fact, collision avoidance is so important that it can override goals at the highest
level of the driving task. This was observed in Experiment 3, where collision avoidance
interfered quite strongly with the processing and remembering of route guidance messages.

Although task goals may exert their control on driving behaviour in a top-down fashion,
bottom-up processes also play a major role in the driving task. Actual driving behaviour is
usually in response to the external traffic situation, and goals have to be continually adapted
to the prevailing circumstances. That is, task goals will mostly be created dynamically as a
response to certain situational factors. Also, attention to subtasks is allocated dynamically
in interaction with the environment. Thus, at a theoretical level, higher-level goals
determine underlying subgoals, but at the same time, lower-order information may set high-
priority task goals instantly. That is, the driver may set general plans, but the environment
provides the cues that determine which specific actions are actually taken. This is what
Vera & Simon (1993) called “situated action”.
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One of the reasons for conducting the experiments was to answer the question whether the
increase in information that drivers have to process (more traffic on the roads, information
systems both outside and inside the car, such as route guidance systems, and the
introduction of other devices into the car, such as car phones, faxes, televisions) raises the
risk of traffic accidents. The main risk of presenting additional information to drivers while
driving is distraction from the driving task. The present thesis indicates that drivers may
indeed be distracted from the driving task, but it also indicates that the relevance of the
information presented may give a clue as to what degree drivers are likely to become
distracted: more important information will be given more attention than less important
information.

In general, drivers assign priority to information that serves higher-order goals, most
notably those of navigation and collision avoidance. This suggests that especially the design
of route guidance systems may be critical for traffic safety. The present thesis showed that
presentation of visual or auditory information alone is associated with problems: visual
information will force drivers to take their eyes off the road, which may even lead to out-of-
lane deviations, while the auditory information may not be processed adequately in urgent
traffic situations.

Actually, there is another reason why drivers may not process information adequately from
an information system: if the information is presented without the appropriate task goal
active. For example, when a driver is involved in some subtask unrelated to navigating
(e.g., overtaking), the information presented by a route guidance system may not be picked
up by the driver. Operators only select information if it is relevant for the presently active
goal (Vicente & Wang, 1998). Therefore, the information may be neglected if it is not
relevant for the presently active task goal. This suggests that an effective RG system should
combine auditory and visual messages. If an auditory RG message is missed by the driver
when engaged in other subtasks than route finding, the visual RG system will still show the
direction to turn when the driver enters an intersection, at which time the driver’s subgoal
of route finding has become active. Because intersections present complex traffic situations,
the visual information should be presented in a straightforward format. Drivers will be
highly motivated to know the direction to turn and complex displays will increase the
number of glances to the display, which is unwanted prior to intersections.

Car phones present another source of potential distraction from the driving task. At present,
accident risk of using mobile phones while driving is unknown, mainly because systematic
crash data collection that would help characterise cellular-telephone-related crashes is
lacking (Goodman, Tijerina, Bents & Wierwille, 1999). In their comprehensive study on
this, Goodman et al. (1999) tentatively draw the conclusion that conversation appears to be
the principal factor associated with crashes, rather than dialling, hanging up or reaching for
the phone. Results from the present thesis may suggest that a modifying factor in driver
distraction is the priority of the phone conversation. Whereas drivers making personal calls
may delay the conversation if the traffic situation asks much of their attention, drivers
making business calls may allocate more of their attention to the conversation because of its
high importance. It would be interesting to test this hypothesis on individual differences in
goal priorities empirically. It is plausible that different drivers may have different goal
priorities, and this should be reflected in the level of distraction of additional information
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systems from the driving task. For example, traffic information may be more important for
professional drivers so they can plan an alternative route than for the commuter who cannot
avoid the traffic jam.

A serious point of concern for traffic safety is that adaptation of behaviour is not always
possible. For example business travellers and truck drivers may have strict time schedules
constraining their opportunities for adaptation. This can be expected to have detrimental
effects on traffic safety. However, it should also be noted that the professional driver is
often a highly experienced driver. In comparison with other, less-experienced drivers, they
have probably developed better perceptual-motor driving skills, are better at using
peripheral vision in lateral control, and they can probably use more and different cues and
can thus anticipate better on future traffic situations. Furthermore, drivers who habitually
use car phones, faxes, complex route guidance systems and the like when driving are likely
to develop skills that enable them to integrate these behaviours better with the driving task.
However, it is still not known to which extent drivers can actually learn to use such systems
without hampering traffic safety.

It has previously been recommended that an information system or a driver support system
present information consistent with the driver’s goals and the present dynamic traffic
situation (Michon, 1993). However, it is difficult to make on-line estimates of the driver’s
goals. Many goals are set dynamically in interaction with the environment, and the system
should therefore consider the dynamic traffic circumstances as a source of new goals.
However, classifying dynamic traffic situations is not equivalent to classifying road type or
other static traffic objects. It involves considering the dynamic properties of the
environment and its projection into the future, in light of the present goals of the driver. For
example, drivers’ approach of an intersection and their looking behaviour will depend on
the direction drivers will take: when turning right, other traffic participants have to be
observed than when driving straight ahead, or when turning left. Knowing the present goals
and intentions of drivers is essential for a support system to provide meaningful warnings
(e.g., a warning about a pedestrian crossing the street is only useful if the driver is heading
in that direction).

Also, assessing drivers present goals is not easy. Any computer system trying to support the
user by inferring the intentions and goals of the user is presently far from perfect2. Even in
very restricted, non-dynamic domains such as programming in LISP, state-of-the-art tutor
computer systems are not always correct in knowing the goals or intentions of the user
(Anderson, 2000). This suggests that present attempts to design driver support systems that
are really helpful at present seem at best premature. Even a state-of-the-art support system
cannot know the actual traffic situation or the intentions of the driver on a moment-to-
moment basis, and it can therefore not be prevented that information is presented to drivers
that is not congruent with the present intentions, goals or tasks. This may result in
distraction of the driver, more likely in annoyance of the driver, but almost certainly in
neglect of the information by the driver. In none of these cases will the system have its
intended effect.

                                                          
2 For example, Word trying to be helpful by finishing the word you are typing often leads to
mistakes.



104

Summary
The present thesis pointed to the strategic character of effort investment in driving
behaviour. It was assumed throughout this thesis that when forced to choose, for example
because task demands are very high, drivers would concentrate on processing the most
important information or performing the most important (sub)task, even if this is at the
expense of other information or tasks. The importance of the present approach lies in its
emphasis on the goals that a task tries to achieve, rather than on tasks themselves. To
explain why some (sub)tasks are protected during high task demands while others are not,
the data support the view that the priority and relevance of the goal that a task tries to fulfil
determine the probability that a certain task is performed in high task demands. Route
guidance systems, presenting high-priority information, may therefore be a large source of
driver distraction if their design is unduly complicated. However, rather than navigation,
collision avoidance appears to have the highest priority in drivers, and it may be assumed
that drivers, whatever they do, will always try and prevent accidents from occurring.


