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The main research questions that this thesis tries to answer refer to goal management in car
drivers. How do drivers deal with increases in task demands: will they become
overwhelmed by the information, or will they remain focussed on the main task? As we
saw in the previous chapter, task behaviour is essentially goal-directed. Goal-directed
behaviour presupposes concentration on task-relevant (or goal-relevant) information, and
ignorance of irrelevant information. But, as noted previously, in driving and other complex
tasks, more than one goal may be active at the same time. Goal management, that is,
setting, selecting and choosing between goals, therefore plays an important role in complex
dynamic tasks. Because not much is known about goal management by car drivers, this
chapter will discuss the general literature on goal management by operators in other
complex tasks (Section 4.2).

However, because goals play such a central role in this thesis, the next section (Section 4.1)
will first discuss some properties of goals. Successful goal-directed behaviour starts with
formulating a goal, and ends with achieving it. It requires that pending subgoals are
remembered, and achieved subgoals forgotten, among other things. Some authors believe
that intentions to achieve a goal motivate behaviour and create a feeling of tension that only
subsides when the goal is achieved. However, other researchers disagree and think that
goals and intentions have declarative properties: they are simply chunks of information that
may lead to the desired outcome in terms of actions performed, but may also be forgotten
before the actions have been performed.
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Goals exist at different levels of behaviour. A distinction can be made between general
goals, task goals, and subgoals. General goals are long-term goals, which refer to higher-
order, abstract wishes about positive outcomes that should be promoted or about negative
outcomes that should be prevented. Examples are being a nice person, or being informed
about world affairs. It is this type of goals that social psychologists mostly, though not
exclusively, refer to when they use the term “goal” (Gollwitzer and Bargh, 1996; Higgins &
Kruglanski, 1996). These general goals determine the contents of the task goals. Task goals
are set to fulfil a higher-order goal by performing a certain task or take certain actions; for
example, take the train to Amsterdam, to visit a friend; or read a newspaper, to become
informed. Subgoals are short-term goals that are set in order to achieve the task goal (check
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the train timetable, go to the railway station, buy a train ticket). Task goals can be
considered plans about how to achieve the general goal, while subgoals specify the actions
that have to be taken to achieve the task goal (one possible action specified in a subgoal is
to set even lower-order subgoals, specifying how the higher-order subgoal can be
achieved).

Activated goals or strategies follow the principle of applicability: only in the presence of
environmental information for which a strategy or goal is applicable, is it applied. Once a
goal or intention has been formulated, one has to wait for an opportune moment before it
can be acted on (Bargh, 1997). Strategies or plans need the specific circumstances in the
environment before they can be applied to attain the goal: for example, only when one is
actually climbing can a general climbing strategy be applied (see also Vera & Simon,
1993).

Goals have to be distinguished from intentions. Goals are mere wishes to achieve a certain
end state, while intentions, also called goal intentions (Bargh & Gollwitzer, 1994), include
a commitment to the execution of actions that bring about the goal state. A number of
phases can be discerned in the process of goal fulfilment (Lewin, 1926). It starts with the
formulation of a goal that one wants to achieve. Next, one has to make this a binding goal
to which one commits oneself. This marks the end of deliberating over wishes and desires
and sets priorities: this binding goal is given priority over other goals (Bargh & Gollwitzer,
1994). The person makes general plans about how to achieve the goal, that is, forms a task
goal. The last phase is that of turning this intention into actual behaviour when the
opportunity presents itself where one can perform the intended behaviour (Gollwitzer &
Moskowitz, 1996).

This implies that intended activities may not be performed, for example because the
appropriate situation does not present itself, other activities seem more important, or it may
difficult to get started. One way to help getting started is formulating so-called
“implementation intentions” (Bargh & Gollwitzer, 1994), which not only specify the
intention, but also the situation under which one intends to perform the planned actions
(“when situation x presents itself, I will do activity y”). Deliberately linking specific
behaviour to a specific situation or specific time indeed helps people getting started
(Gollwitzer & Brandstätter, 1997).

4.1.1 Goals as motivational entities
Some authors believe that intentions to achieve a certain goal lead to a state of tension, a
subjectively felt need to attain the goal, which only subdues when the goal has been
successfully realised, either by performing the intended actions or performing substitute
actions that equally result in goal achievement (Lewin, 1926). This tension is quite evident
in a person who knows that he or she intended to do something, sometimes without
remembering what it is he or she has to do. The value of the goal determines the strength of
this tension and therefore how likely it is that the associated behaviour will be executed: for
a person who wants to achieve professionally, a mailbox will more strongly activate the
action to post a letter when that letter is a job application letter than when it is a personal
letter to a friend (Gollwitzer & Moskowitz, 1996). This tension has motivational qualities:
it increases over time, it is relieved as soon as the goal has been achieved, and it results in
task persistence in the face of interruptions or obstacles (see also Bargh, 1997).



29

There is evidence that suggests that the activation of the intention indeed increases over
time. When intentions are time-based, that is, when a certain activity has to be performed at
a specified time, activation of an intention has been shown to increase over time. Goschke
& Kuhl (1993) found evidence that the activity of such time-based intended activities
persists in memory, and increases when the time arrives that the intended activities are to be
performed. They also found that details of intended activities are recognised faster and
recalled better than non-intended activities. This was also true when participants were
meanwhile engaged in other activities so as to prevent active rehearsal of the intended
activities. Interestingly, in ACT-R (Anderson, 1993), goals are the only declarative units
that do not need activation or active maintenance, that is, rehearsal, to stay available.

As a result of the tension to achieve a goal, people should want to finish the task after they
have been interrupted before the goal has been satisfied. Evidence for task persistence
comes from research on task interruptions (Lewin, 1926) and time delays between the
setting and execution of intentions. Bargh, Gollwitzer, Lee-Chai & Barndollar
(unpublished, cited in Bargh, 1997, p. 39) showed that participants primed for achievement
by a word-search puzzle continued on a (different) task after they were told to stop.
Participants in another experiment were likewise primed for achievement. They showed
better performance on a performance task than participants in the neutral priming condition.
This difference was increased when there was a 5-minute delay between the priming task
and the other task. Intentions thus follow the principle of applicability. As long as the goal
has not been achieved, it creates a goal tension which increases until the opportunity has
presented itself where the goal can be achieved.

Evidence for the motivational character for intentions also comes from research on recall of
uncompleted tasks. According to Lewin’s theory (1926), the tension to achieve the goal
remains until the goal is achieved. This implies that as long as a task has not been finished,
it would remain in memory, that is, uncompleted tasks should be remembered better than
tasks that were accomplished. Zeigarnik (1927) showed that participants who were
interrupted before they had finished a large number of tasks indeed remembered more
names of interrupted than completed tasks. Many researchers have since then tried to
replicate these findings. Van Bergen (1968) gave an extensive literature review on these
studies and found that exact replications did not show this so-called Zeigarnik effect. Of
modified versions of the original study, at best only half of these studies showed the effect.
Van Bergen’s interpretation of the Zeigarnik effect, which she believes is a non-existing
effect, is that if the effect is observed, it is due to the particular laboratory context and the
implicit social relation between participants and researchers, not to the motivational
qualities of intentions themselves. She further notes that participants, if asked to do so, may
in fact be able to recall the name of an unfinished task or describe it, but are often unable to
say whether they had in fact finished a particular task or not. This also argues against the
concept of “goal tension”.

4.1.2 Goals as declarative information
Delayed intentions, intended activities that cannot be performed immediately, are the
subject of research on prospective memory. The successful execution of delayed intentions
is assumed to hinge on at least two skills: remembering at the right moment or in the right
situation that one has to do something, called memory of intent; and remembering what one
has to do, memory of content (Brandimonte, Einstein & McDaniel, 1996). In contrast to the
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previous results on the motivational qualities of intentions, research on prospective memory
shows that remembering and executing intentions is not perfect. It furthermore shows that
realisation of delayed intentions needs active maintenance of the intentions. Lewin (1926)
mentioned the example of a person who knows that he or she intended to do something but
forgot what the activity was and interprets this as a positive result of tension towards goal
fulfilment. Researchers on prospective memory would, however, actually interpret this as
loss of memory for content.

Although Goschke & Kuhl (1993) found that intentions do not need active rehearsal for
better recognition and recall, there is evidence to the contrary that goal intentions are not
executed without fault. McDaniel, Robinson-Riegle & Einstein (1998) showed that
intentions are executed less often during a divided attention task. When another task was
performed (a pleasantness rating task) at the time when the action should be performed, the
intended action was executed less often than in the single task conditions.

Byrne & Bovair (1997) also showed that working memory load at the time of retrieval of
the intended action determines the occurrence of a specific error in retrieval of goals, a
post-completion error. A post-completion error refers to forgetting to perform a last action
when the main goal has already been achieved, for example forgetting to retrieve the
original from the photocopier when the copies have been made. In an experimental study,
Byrne & Bovair found that the frequency of such errors increased when working memory
load was increased by using a more complex task, a task with more time pressure, and in
participants with lower working memory capacity. Interestingly, when Lewin discussed
forgetting of intentions, he already described an experiment (performed by Birenbaum)
which dealt with a post-completion error. Participants were asked to solve problems on
separate sheets of paper and to put their autograph under each solution. Many forgot to do
so, which Lewin explained by the fact that the autograph was not “embedded” within the
same “action sphere” as the problems and that therefore, the intention was not very
“lively”.

Altmann & Trafton (1999a) showed that when rehearsal of subgoals was prevented in a
complex task with a hierarchical goal structure, reaction times and errors increased, also
indicating that active maintenance is needed for retrieval of goals later. Furthermore,
pending goals, i.e., goals that are not yet fulfilled, intrude more often than goals that have
already been achieved, suggesting that achieved goals are omitted from the rehearsal loop,
while pending goals remain active.

These results show that active maintenance of goals and intentions is indeed needed in
successfully realising delayed intentions. Altmann & Trafton (1999b) performed two
computer simulations in ACT-R of the experimental data on the Tower of Hanoi task. The
first simulation was based on the normal ACT-R architecture, where (sub)goals remain on
the goal stack until they are fulfilled, with no additional processing needed to maintain their
activation, that is, with perfect memory for goals. The second simulation used the same
ACT-R architecture, but goals were treated as normal declarative units, which decay over
time, and need active maintenance (rehearsal) to remain active. Both simulations showed
good agreement with the experimental results on reaction times. With respect to the number
of errors and the type of errors made, however, the second approach, where goals need
rehearsal to remain active, was in better agreement with the data than the “classic”
approach. Their computer simulation of another task (the Red Tape task) with goals that
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need rehearsal was also in good agreement with both the reaction time and error data
(Altmann & Trafton, 1999a).

McDaniel, Robinson-Riegle & Einstein (1998) suggested two possible causes for the failure
to respond to a prospective cue (the cue that should elicit the desired action) under divided
attention conditions. The first is that the additional or cover task is so demanding that
participants do not notice the cue to which they should respond. The second possible cause
is that the realisation of delayed intentions requires working memory. West & Craik (1999)
studied the loss of intentions in elderly people and they suggest that the slowing of
responses to prospective cues in the elderly participants result from temporary “lapses of
intentions”. They found that elderly participants do notice the cue and know that they
should respond to the cue, but that they temporarily do not recall which actions they should
perform as a response. West & Craik suggest that maintenance of an integrated
representation of the task context in working memory (also called task set; Hockey, 1986)
is temporarily lost in these participants.

Guynn, McDaniel & Einstein (1998) show that reminders only help in successfully
realising one’s intentions when they specify both the target stimulus (the prospective cue)
and the intended activity. Mäntylä (1996) also presents evidence that planning facilitates
prospective remembering because it increases the level of activation of the associated
chunks and the number of potential cues for activating the action. Gollwitzer &
Brandstätter (1997) also show the importance of the specification of the situation where the
intention is to be carried out. When that situation is specified in more detail, the intended
action is performed more readily than when the situation is not specified. They suggest that
goals that are more difficult to achieve profit most from the formation of these so-called
implementation intentions.

4.1.3 Summary
The literature on goal maintenance and realisation of intended actions seems therefore
contradictory. Some authors claim that the formulation of intentions lead to an increase in
tension and the motivation to achieve the goal as soon as circumstances allow. Furthermore,
it is claimed that memory of one’s intentions is therefore better than memory for other
declarative information. It has however been suggested that intentions might be better
remembered simply as a result of more elaborate processing at encoding of intentions than
of other declarative information (Crowder, 1996). This hypothesis would partly explain
why intentions are remembered better while they are at the same time subject to decay, as
other declarative information.

There seems to be sufficient evidence to state that intentions or subgoals in working
memory need to be rehearsed for the intended actions to be performed at the appropriate
situation. Prospective memory, remembering to perform one’s intentions at the appropriate
time or place, is vulnerable to interruptions and obstructions. Especially in situations where
working memory demands at time of retrieval are high, for example when performing other
tasks, successful implementation of intended activities is hampered. This suggests that
intended activities are indeed represented as declarative structures. They are subject to
decay and they have to compete with other chunks of information for activation.
Interestingly, this is quite clearly acknowledged by Lewin himself, who also discussed
forgetting of intentions. However, he did not want to discuss the specific case where they
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are forgotten as a result of high task demands at the time when the intentions have to be
actualised, precisely because to him it was so obvious that high task demands could
obstruct this (Lewin, 1926, p. 343).
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The present thesis is concerned with the possibly detrimental effects on driver behaviour of
information overload. In car driving, more goals may be active simultaneously, and drivers
need to respond to emergencies and deal with other interruptions. Although the driving task
has lost much of its complexity for the experienced driver, information overload may still
present difficulties. These cognitive demands on the driver may still constrain task
performance because of the capacity limitations in working memory. The next section on
multiple task performance will first outline that the goal stack or task queue in complex
dynamic tasks is not static, but prioritised and dynamic. The second section will be devoted
to how operators in general deal with high task demands, particularly with complex tasks,
and whether they remain focussed on the task, resisting distraction.

4.2.1 Multiple task performance
Once the task goal has been set, the operator will want to achieve the task goal and will
perform the actions to reach the goal state. Therefore, most of the operator’s behaviour is
aimed at satisfying this main goal. However, formulation of the goal is only the first step
towards goal attainment. In general, it may be difficult to get started, to perform the right
action at the right time, to deal with difficulties, to compensate for failures in task
performance, to ward off distractions, and to negotiate conflicts between goals (Gollwitzer
and Moskowitz, 1996).

In complex dynamic tasks, operators are usually performing several subtasks at the same
time (Bainbridge, 1997), and these need to be planned and co-ordinated. Circumstances are
constantly changing, independent of the operator. Furthermore, memory for goals and
intentions is vulnerable to interruptions and needs rehearsal to avoid forgetting. Quite
likely, some goals may already be forgotten before they are turned into intentions. There is
usually time pressure under which actions may have to be selected and performed. There may
be a strict order in which the subtasks have to performed, or they are hierarchically organised.
At the same time, operators have to keep their behaviour goal-directed but be flexible as well
in responding to important changes in the environment. This implies a dynamic management
of goals.

In cognitive science it is often assumed that the maintenance of the task queue proceeds on
a last-in-first-out (LIFO) basis (e.g., ACT-R). Attainment of the main task goal (driving
home) is subdivided into achieving a number of subgoals (start engine, turn key). These are
pushed unto a goal stack, where the last subgoal (turn key) is served first (leading to a chain
of activities: turn key in order to start engine in order to drive home). It can be seriously
questioned whether this approach would increase our understanding of multiple task
performance. It is conceivable that multitask performance uses separate goal stacks
(Anderson, 1993), but this would not explain or predict how choices are made regarding the
order in which the subgoals from different stacks would be served. More importantly, even
tasks known for their hierarchical goal structure are probably not solved with the use of
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such a LIFO goal stack (Altmann & Trafton, 1999b). Most likely, the order in which goals
are served depends on their relevance: (sub)goals are prioritised (Adams, Tenney & Pew,
1995). Furthermore, in complex dynamic tasks, the goal stack is not a static entity, but
changes continuously to adapt to changes in the environment; the enviroment may also set
new goals (see also Section 3.4).

There are two main sources of information for operators to remember what they still want
to do: working memory, where pending goals and intentions are stored, and the
environment. Information in working memory is vulnerable: activation of information in
working memory decays as a function of time. The most important method to prevent decay
is rehearsal. Because working memory is also involved in problem solving, and maintaining
of other information, there may not always be time to rehearse the goals or other important
information in complex dynamic tasks, even though goals that have been accomplished are
removed from the rehearsal loop (Altmann & Trafton, 1999a).

However, the state of environment also provides powerful cues regarding progress on the
task goals and intended actions. Checking the environment for the results of actions is often
sufficient to reconstruct the intermediate steps in and the progress towards goal fulfilment
(seeing the kettle on the gas suffices to check on the progress towards making tea).
Furthermore, the environment provides prospective cues: stimuli that are associated with
intended actions. When implementation intentions (see Section 4.1.2) have been formulated
specifying the situation where an intended action is to be executed, the situation might
trigger the activity; Gollwitzer & Brandstätter (1997) even assume that this proceeds
automatically. It may be questioned whether complete automaticity exists in complex tasks,
but it is safe to say that especially for experienced operators, it is likely that certain
environmental stimuli will have become associated with certain actions and certain goals.
This relative behavioural automaticity obviously reduces the need to remember goals in a
declarative manner in working memory.

4.2.2 Mental task demands
The main question of this thesis concerns the effects of high task demands on driver
behaviour. Important questions refer to information overload of drivers, and distraction
from the driving task as a result of high mental task demands. Because traffic behaviour
research has mainly focussed on the effects on mental workload of drivers instead of on
behavioural strategies, this section will discuss how operators in general deal with high task
demands. Results from traffic behaviour research will be discussed more fully in the next
chapter, which is entirely devoted to car driving.

In computer science, the complexity of a problem is determined by the time that the most
efficient algorithm would need to solve it (Taatgen, 1999): the longer the algorithm takes to
solve the problem, the more complex the problem. Because problems in computer science
are solved by perfect problem solvers, complexity is a property of the task, not of the
problem solver. However, this formal definition is too restricted. Humans can solve
(subsets of) even the most complex problems because they have learned how to solve
certain instances of complex problems (Taatgen, 1999). At the same time, humans cannot
always solve problems that are not very complex. Apart from difficulties such as lack of
appropriate knowledge, expertise, time, or information, an important difficulty for humans
in solving not-so-very-complex problems lies in remembering the intermediate results,
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remembering the (sub)goals, and combining information with each other: the limiting factor
is working memory. As the total activation of chunks is assumed fixed, there is a limit to
the number of chunks that can be retrieved from working memory successfully. For
example, Anderson, Reder & Lebière (1996) showed that decay in working memory, i.e.,
loss of activation, can account for decrements in dual task performance as task complexity
increased. Rehearsal is an example of a strategy to preserve the activation of chunks
(Taatgen, 1999). Task complexity is thus largely based on the limitations of working
memory.

As experience grows, more efficient methods can be used. This reduces the cognitive
demands of the task. In view of the inter-individual and intra-individual differences in
strategies of task performance, and because the ultimate expert who shows perfectly
efficient task performance does not exist (Taatgen, 1999), it is impossible to make a general
task analysis of the complexity of a task that would apply to all people performing the task.
It is therefore impossible to determine the mental demands of a task independently of the
individual’s working strategy (see also Meijman & O’Hanlon, 1984). However, in general,
people tend to use a working strategy that does not tax working memory too heavily, in
order to protect the main task goal.

4.2.3 General strategies of dealing with task demands
High task demands thus may threaten effective task performance because the limitations in
working memory may make it impossible to process all information. However, most tasks
can be done in a number of different ways, and operators do not always use the same
working strategy (Bainbridge, 1978; Welford, 1978). Operators have been shown to use at
least three ways of dealing with high task demands (Bainbridge, 1974; Hockey, 1993, 1997;
Hockey, Wastell & Sauer, 1998): investment of more effort; behavioural adaptation or
change of working strategy; and neglect of subsidiary information. These strategies will be
discussed in more detail.

Invest more effort
The first way to deal with an increase in task demands is to invest more effort into the task.
G. Mulder (1986) distinguished between compensatory and computational effort.
Compensatory effort was supposed to be associated with compensating for a
psychophysiological state (due for example to fatigue or drug use) that was not optimal for
performing the task, and computational effort with controlled information processing (as
opposed to automatic information processing). I have previously used the terms state-
related effort and task-related effort to describe these types of effort (Cnossen, 1994). There
is empirical evidence (Wiethof, 1997) that these types of effort can be differentiated. Task-
and state-related effort are not opposite dimensions of task demands; for example,
performing a complex task while being fatigued or in noisy conditions involves both types
of effort. It is possible to invest both state-related effort and task-related effort at the same
time. Use of working memory is associated with task-related or cognitive effort.

Hockey (1997) describes a model of compensatory control which involves one type of
effort, but at two different levels. In his conceptualisation, operators have an “effort
budget”, based on anticipated resource needs of the task, level of skill, and so on. When
effort is still within the effort budget, effort is regulated automatically. At this so-called
lower level, representing the automatic control of well-learned skills, effort is invested
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whenever minor mismatches occur between target output criteria and actual performance.
Effort at the lower level is equivalent to the computational effort associated with task
demands, and this type of effort is invested without further costs. This is called the active
coping style. When the perceived level of difficulty is too great to be met by small
adjustments to the effort budget, operators either adjust their performance target downward
(passive coping style) or increase the effort budget (strain coping style). However, at this
higher level of the effort budget, effort investment is associated with costs: fatigue, anxiety,
and secretion of stress hormones (catecholamines and cortisol). Whereas effort at the lower
level is determined primarily by the task demands, effort at the higher level is more
motivational in nature.

Change working strategy
Another way to deal with high task demands is to change the working strategy. There are
usually more ways to do a complex dynamic task (Bainbridge, 1974) and not all working
methods involve equal amounts of effort. Operators can therefore perform the task with a
working method that is less demanding, involving less calculations or other manipulations of
information, or involving fewer storage processes of information. For example, they may
write things down, instead of trying to remember them. Operators may also decrease the
aspired level of performance for which they strive: they may be content with less accurate task
performance, or they may reduced the required level of speed with which the task is
performed. A well-known example of operators changing their working method to reduce the
demands on their working memory is the case of air-traffic controllers. They started using less
demanding strategies to assign flight routes to pilots as the number of aircraft increased
(Sperandio, 1971, 1978). Rather than treating each aircraft individually and assigning it
with custom-made routes, operators assigned standard routes to the aircraft. In this way, the
time to land an aircraft increased, but the demands on the controller’s working memory
decreased. Therefore, an adequate level of safety was preserved, despite the higher number
of aircraft under control.

Pay less attention to subsidiary activities
The third way to deal with high task demands is to pay less attention to subsidiary activities
or to non-essential information. Operators have even been shown to skip a subtask if that
subtask is not essential for the main task (Hockey, Wastell & Sauer, 1998). As mentioned
earlier, not all subtasks are equally important in achieving the main task goal and some can
therefore be skipped without hampering the fulfilment of the main task goal. One of the
best-documented form of decreases in secondary task performing during high task demands
is attentional narrowing, or increased selectivity (specific instances of this are called tunnel
vision). Under an increase in task demands, it has been found that peripheral information is
processed less by operators, as they concentrate on information presented centrally, which
they considered to be less important (Welford, 1978).

Summary
Although the level of task performance may decrease by adopting less demanding working
strategies, or by paying less attention to non-essential subtasks or information, it is
important to note that this happens only in what participants consider less important parts of
the task. Furthermore, it should be acknowledged that operators will not always strive for
perfect task performance, but will be content with performance considered adequate. In this
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respect it is noteworthy that achieving the main task goal was the very reason why the task
was initiated in the first place, and even in high task demands, operators will try to protect
the main task goal. All of the above-mentioned strategies of dealing with high task demands
serve to protect the main task goal. Rather than becoming overwhelmed by the demands
that the task presents them, operators try to keep their behaviour goal-directed. When there
is more information than can be processed, or more actions than can be performed, choices
have to be made. It appears that people performing tasks will choose performing those
actions that are necessary to achieve the main task goal and neglect less relevant ones. In
this way, they effectively protect the main task goal from degradation.


