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It is unclear how operators in complex dynamic tasks choose between two subtasks that are
important in achieving the main task goal. The main goal in driving is to arrive at the destination,
but collision avoidance is equally important. Complex route guidance (RG) messages, essential for
arriving at the destination, were presented to 26 participants in a driving simulator study. In the
experimental group, a traffic emergency developed (a car from the left did not yield at the
intersection) at the moment RG was presented; the same situation proceeded normally for the
control group. The emergency led to loss of goal intentions in the experimental group: With 3 route
directions, 42% lost their way, whereas all participants in the control group arrived at the
destination. Therefore, goals that protect bodily integrity seem superordinate to task goals.
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At an abstract level, performing complex hierarchical dynamic tasks can be described as the
process where operators try to achieve a certain task goal which can only be accomplished by
satisfying a number of hierarchically organised subgoals. Operators have to plan actions and
determine which actions are necessary by comparing the present situation with the desired
(sub)goal state. In complex hierarchical tasks, operators are usually performing several
subtasks at the same time (Bainbridge, 1997), which individually may or may not be essential
for the main task goal. Each subtask has its own subgoal hierarchy to achieve the subtask goal.
As several subtasks may be performed at the same time, subtasks also have to be co-ordinated,
in particular if there are temporal restrictions on the subtask order. Furthermore, complex
hierarchical tasks are typically performed in a dynamic environment. Operators have to be
flexible and adapt their working strategies to changing circumstances. For example, after
reacting to an incident, operators must remember to finish the (sub)task they were doing
before the incident occurred. Therefore, operators have to keep track of their location in the
hierarchy of subgoals and monitor the progress of goal fulfilment.
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This temporal organisation of behaviour is mediated by the prefrontal cortex (Fuster, 1997;
Stuss, Shallice, Alexander & Picton, 1995). Fuster (1997) assigns three related cognitive
functions to the prefrontal cortex. The first is working memory, which retains information
necessary for oncoming actions. The second function is to select, prepare and anticipate for
further actions. The third function of the prefrontal cortex is inhibitory control, which serves to
protect the structure of behaviour from interfering influences, that is, to keep behaviour goal-
directed. Inhibitory control also prevents the simultaneous performance of actions that cannot
be performed together effectively. It can be assumed that tasks which involve prefrontal
functions are perceived as mentally demanding, and it is assumed that hierarchical goal
processing is implemented by the prefrontal cortex (Anderson, 1993).

However, task performance does not proceed only in a top-down manner. Control of goal-
directed actions can also occur based on cues from the environment. There are two types of
environmental action control identified (Bargh & Gollwitzer, 1994). The first is when an
operator repeatedly has the same goal in a particular state of the environment; that specific
situation will automatically trigger the actions associated with that goal. This means that the
actions will be performed automatically when the relevant stimuli are present, but only when
that goal is active (Bargh, 1992). As an example, a red traffic light will only trigger a brake
response with the foot during car driving, not when walking. Automatic behaviour does not
have to be unintentional: even when driving, the driver may ignore a red traffic light. The
other type of environmental control is the formation of so-called implementation intentions
(Gollwitzer & Moskowitz, 1996). This means that the operator forms the intention to perform
a particular action when a certain anticipated future situation is encountered, for example:
“when the goal is to post a letter, and I see a mailbox, I will post this letter”. When that
situation is then encountered, the intended actions will be initiated automatically, without the
conscious control of the operator (Gollwitzer & Brandstätter, 1997). Furthermore, there is no
conscious control involved in remembering the contents of one’s intentions (Goschke & Kuhl,
1993). This implies that once implementation intentions have been formed, their content is
remembered without conscious processing, and the initiation of the intended actions proceeds
automatically. In this way, the control of actions is effectively transferred to the environment.

Goals exist at different levels of behaviour. A distinction can be made between general goals,
task goals, and subgoals. General goals refer to higher-order, abstract goals, such as being a
nice person, being informed about world affairs, or becoming an Olympic champion. It is this
type of goals that social psychologists mostly, though not exclusively, refer to when they use
the term “goal” (Gollwitzer & Bargh, 1996; Higgins & Kruglanski, 1996). These goals
determine the contents of the task goals. Task goals, also called action goals (Gollwitzer &
Bargh, 1996), are in fact intentions to complete a certain task in order to fulfil a higher-order
goal, for example take the train to Amsterdam (to visit a friend), read a newspaper (to become
informed), run the Amsterdam marathon (to check on physical form). Multiple task goals can
be active at the same time, though not all can be combined, as the examples show. Subgoals
are short-term goals that are set in order to achieve the task goal (check the train timetable, go
to railway station, buy a train ticket). Subgoals to fulfil a task goal are hierarchically organised
and are served on a last-in-first-out basis (Anderson, 1993)1.

Once a task goal has been set, that is, once operators have committed themselves to
completing a task, operators have to ward off distractions, perform the right action at the right
time, deal with difficulties, compensate for failures in task performance, and negotiate
conflicts between goals (Gollwitzer & Moskowitz, 1996). Effective pursuit of task goals is
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characterised by selecting information from the environment that is relevant for achieving the
presently active task goal, while ignoring irrelevant information. However, operators do not
passively wait for and react to changes in the environment. Experienced operators actively
search for information, or know where and when to expect it (Bainbridge, 1997). This search
for information is guided by the currently active task goal. As experience grows, operators
learn which information is relevant for the achievement of the current goal. Only when the
information is relevant for achieving the presently relevant task goal (Vicente & Wang, 1998;
Gollwitzer & Moskowitz, 1996), will operators select and use that information to decide on
adjustments of their actions.

Operators in complex dynamic tasks have to be flexible when dealing with emergencies.
Although task goals in general have to be protected against disturbances, operators may need
to interrupt ongoing behaviour in case of significant information, even if that information is
unrelated to the presently active task goal. Neuropsychological evidence from animal studies
shows that dopaminergic neurons in the mesencephalon show a quick and short burst of
impulses after a behaviourally significant stimulus (Redgrave, Prescott & Gurney, 1999). This
“short-latency dopamine response” promotes the switching of limited-capacity attentional and
behavioural resources towards biologically significant stimuli. That is, it helps to interrupt
ongoing behaviour, and promote switching attention and behaviour toward the new
unexpected event of behavioural significance. However, this dopamine response has costs
associated with it: it hampers prefrontal functioning. As a result of the hyperdopaminergic
mechanism after stress, monkeys performed worse on a delayed-response working memory
test, but not on an immediate visual pattern discrimination task (Arnsten & Goldman-Rakic,
1998). Because the prefrontal cortex appears to be taken “off-line” the temporal organisation
of behaviour may be implicated.

Effective task behaviour can also be impaired by high task demands. With increased task
demands, it becomes more difficult to process all relevant information or perform all
necessary actions, as actions cannot always be combined (Allport, 1980). High-priority
information may therefore be missed, especially if it is not relevant for the currently active
task goal and appears at an unexpected time or location. In general, operators have been
shown to use at least three ways to deal with high task demands (Bainbridge, 1974; Hockey,
1993, 1997). One way is to put more effort into the task if task demands increase. Another
way is to change the working strategy. In complex tasks this usually is possible, because there
are often more methods for doing the same task (Bainbridge, 1974). For example, operators
may decrease the required level of speed or accuracy, or can utilise less demanding strategies.
These involve fewer calculations or manipulations of information, or fewer storage processes
of information. A third way of dealing with high task demands is to pay less attention to
subsidiary activities. Operators may choose to skip a task, if that secondary task is not
essential for achieving the main task goal (see also Hockey, Wastell & Sauer, 1998). The
alternative strategies may not result in the same level of task performance; however, operators
may not always aim at perfect task performance and may consider results acceptable if the
main task goal is achieved, even though subsidiary tasks or subgoals may have been
discarded. Achieving the main task goal is central in task performance because it was the key
reason why the task was undertaken in the first place. It is therefore assumed that operators
will protect high-priority task goals (Hockey, 1997; Hockey, Wastell & Sauer, 1998), even if
this protection is at the expense of some of the subsidiary tasks.
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In an every-day skill such as car driving, the assignment of priorities to subtasks has important
safety implications. Drivers should remain focused on the main driving task and not distracted
by performing subsidiary tasks irrelevant to the driving task, such as tuning the radio or
making a car telephone call. There has been considerable research on the potentially negative
effects of performing secondary tasks on driving performance. Although these changes in
driving performance have not always been interpreted as adaptive, the data show that, in
general, car drivers are resistant to distraction by such tasks. Drivers appear to adjust their
driving behaviour in high task demand situations, or alternatively, to give up secondary tasks
not relevant for performing the main driving task. For example, drivers reduced driving speed
when they had to use route guidance systems presenting complex route information on a
visual display (Dingus et al., 1997; Pohlman & Traenkle, 1994), or increased the following
distance from to the car immediately in front (Noy, 1989). Fairclough, Ashby & Parkes (1993)
found that drivers checked their mirrors less often when they drove with a paper map than
when simply receiving short route instructions on a display.

In a previous experiment in a driving simulator (Cnossen, Meijman & Rothengatter, 2000),
car drivers were presented a memory task auditorily driving, and given a paper map for
navigation. Primary task demands were manipulated by having participants drive in different
traffic densities. Route finding can be considered a relevant and high-priority subgoal when
driving in an unfamiliar environment. The memory task had no direct relevance for the driving
task, and can thus be considered a true secondary task. In general, two types of adaptation to
high task demands were found. If primary-task demands increased (busy traffic, driving with a
map), drivers changed their primary task performance by reducing their driving speed. If, on
the other hand, secondary task demands increased (performing the memory task), drivers
neglected the secondary task without changing their driving speed. However, in the most
demanding conditions (memory task and map reading), participants neglected the memory
task and reduced their driving speed as well. This was taken as evidence that car drivers try to
protect high-priority task goals at the expense of low-priority task goals.

Duncan (1990) also described driving behaviour in terms of goal-directed behaviour and
proposes a theory of how drivers select goals. He claims that actual driving behaviour, as most
other activities, always reflects a balance between competing goals, for example between
speed and safety. He suggests that in divided attention tasks, of which car driving is an
example, the efficiency of goal weighting is hampered compared to single-task performance.
This can lead to the selection of an inappropriate goal. He raises an interesting issue, by
drawing explicit attention to the fact that the goal of “driving safely” always has to compete
with other goals, implying that safe driving may not always win the competition.
Unfortunately, Duncan’s theory of goal weighting is too abstract to predict how goals are
actually selected, so it remains unclear when “driving safely” may lose the competition.
Duncan’s account appears to be in contrast to the compensatory control model proposed by
Hockey (1997; Hockey, Wastell & Sauer, 1998), where operators are assumed to always try to
protect the main task goal. Obviously, the contrast only exists if “driving safely” is actually a
high-priority goal in driving.

Research questions
Car drivers seem resistant to distractions by secondary tasks, but traffic behaviour studies have
stressed that performing secondary tasks may hamper traffic safety (Alm & Nilsson, 1995;
Verweij, 1993). It is therefore uncertain how much priority car drivers assign to “safe



83

driving”. This question is especially relevant for traffic behaviour, where such choices will
have direct effects on traffic safety, especially if assuming that safe driving may have to
compete with other goals (Duncan, 1990). This is also an important question for the general
field of complex task performance, because it questions how operators assign priority to one
goal over another if two goals are in conflict with each other, but of equal importance for
achieving the main goal. The present experiment was therefore performed to study how car
drivers choose between two competing goals in driving.

The main task goal of driving can be broken down into two task goals: arriving at the intended
destination, and maintaining safety. In the present study, the main task goal in driving was
divided into these two parts. Arriving at the destination is the main task goal, because it is the
very reason why the task is undertaken in the first place. We assumed that the goal of
maintaining safety is not a subgoal of arriving at the destination (the result of an accident
being that the destination may never be reached) but a separate task goal, subordinate to the
general goal of maintaining bodily integrity. Therefore, main research question was when and
how these task goals compete.

This experiment was conducted in a driving simulator, where participants drove through an
urban environment. They received complex auditory route guidance (RG) information, for
example: turn right at the second crossing, then turn left at the next crossing, then turn right at
the third crossing. This was the only way in which participants were informed about the route
to drive. The main task goal of arriving at the destination could therefore only be achieved if
the subtask of processing the route information was fulfilled adequately. To measure the
importance of maintaining safety, the other main goal in driving, half of the participants (the
experimental group) were confronted with a critical traffic incident while the route guidance
message was presented. The other participants served as controls, and were not presented with
this critical traffic incident. The critical incident occurred at intersections, where a car from the
left did not stop to yield to the participant, even though the participant did have right-of-way.

At an abstract level, the route guidance messages determined the task goal currently most
relevant for the participants. The participants commit themselves to this task goal, so
following these instructions to arrive at the destination should be a high-priority subgoal. This
subgoal of following the route directions would be expected to be protected against
disturbances. The car from the left (“the virtual car”) not yielding unexpectedly is one such
disturbing event against which that subgoal has to be protected. However, warding off such an
emergency situation can be considered an important goal in itself. On the basis of a pilot
study, it was expected that participants would have difficulty dealing with both events
simultaneously, and that this would thus present a conflict between these two goals.

It was hypothesised that in some participants of the experimental group processing the route
information and reacting to the incident would present a conflict between competing goals. If
the priority of the participants were with the goal of avoiding accidents, the experimental
group would make more route errors than the control group and avoid near-collisions in those
conditions where participants were confronted with a critical traffic incident while the RG
information was presented. If, on the other hand, arriving at the destination were more
important, the experimental group would have more near-collisions whereas the number of
route errors would be the same for both groups in these conditions.

In some instances, the critical incident of a car from the left not yielding did not occur at the
intersection where the RG message was presented, but at a later intersection. Thus, it could be
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tested whether a critical traffic situation interferes with the formation or with the execution of
implementation intentions. When the RG messages are being presented, the driver is forming
implementation intentions to follow the specified route. A critical traffic incident could
interfere with this. Alternatively, the critical incident could interfere with the execution of the
formed intentions when it occurs later. As remembering the contents of one’s intentions does
not involve conscious control (Goschke & Kuhl, 1993), interference of the critical incident
with the execution of the intentions was not expected to occur.

The complexity of the RG messages was varied in the experiment. In half the conditions,
the RG message consisted of two directions (e.g., “at the second crossing turn right, then at
the first crossing turn left”); in the other half of conditions, the number of directions was
three. A pilot study had shown that three directions were rather difficult to remember. To
prevent a floor effect, conditions with two directions were also included in the experiment.
It was expected that RG messages containing three directions would be more difficult to
remember than those containing two, and that the number of route errors would therefore be
higher in conditions with RG messages containing three directions.

/��-�����

8.3.1 Participants
Twelve female and fourteen male participants from the institute’s participants pool
completed the study (mean age was 32.8 yrs; mean kilometrage per annum 14,000). To
prevent simulator sickness only participants were selected who had completed previous
experiments in the driving simulator. Three participants who developed simulator sickness
were replaced by others. Participants were assigned to either the control or the experimental
group, controlling for sex, age, and driving experience. There were no significant
differences between females and males, nor between experimental and control group on any
of these variables.

8.3.2 Experimental environment and conditions
The experiment was performed in a driving simulator (Van Wolffelaar & Van Winsum,
1995). The simulator car was a BMW 525 with original controls linked to the driving
simulator. A graphical workstation (Silicon Graphics Skywriter) generates the images, which
are projected on a panoramic screen with a 165-degree angle of vision horizontally and a 45-
degree angle of vision vertically. Using the network specification facility, an urban
environment was built with many intersections and buildings. There were no main roads and
no traffic lights. The road network mostly consisted of straight roads but there were curved
roads as well. Distance between intersections was mostly 200 meters, although some
intersections were 400 or 600 meters apart. There was other interactive traffic driving in this
city. With the scenario specification facility of the simulator, all participants were presented
with the same route guidance (RG) information and with the same traffic situations at the
same locations.
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Figure 8.1 Illustration of traffic situation “during RG presentation” and “later”

The experiment consisted of two rides, which were divided into four conditions each. Each
condition started with a route guidance message presented auditorily to the participant and
ended when the participant arrived at the destination. In each condition, participants had to
cross 6 to 8 intersections. Average route length was about 1.5 km, and participants needed
approximately two minutes to complete one route.

It was essential that participants were highly motivated to listen to the RG information,
otherwise the critical traffic incident would not present a conflict between subgoals. To
increase the importance of the RG information, participants were told that if they lost their
way, short auditory directions (turn left/right) would direct them back to the location where
they had taken the wrong turn. It was emphasised to the subjects that this meant making a
detour, and that it was therefore advisable to listen to the route messages carefully. A detour
could take up to two minutes to drive, doubling the normal length of a condition

RG messages always started before an intersection where drivers had to drive straight ahead
(see Figure 8.1). Route guidance messages were presented by a digitised female voice and
consisted of two or three directions to follow. The RG messages were timed according to the
expected arrival time at the next intersection of the participant, assuming the participant’s
speed remained unchanged. This was calculated as: Expected Arrival Time = (Present
Distance to Intersection / Present Velocity). RG messages with 2 directions (“simple RG”)
started 5 seconds before expected arrival time, and RG with 3 directions (“complex RG”)
started 8 seconds before expected arrival time. This resulted in route guidance information
being presented while the participant entered the intersection, where a car from the left (“the
virtual car”) would arrive at approximately the same time as the participant. The scenario was
designed such that this virtual car was already visible to the participant when RG started. In
conditions without this virtual car from the left, the timing of the RG messages was the same
(5 or 8 seconds before expected arrival time). To standardise the experiment as much as
possible, RG information was only given on straight sections, to ensure that all participants
were always driving at approximately the same speed when they were presented with RG
information. At the intersection, where they would arrive with RG information being
presented, participants always had to drive straight ahead.

To be able to test a priori differences between the experimental and control group, the first
ride was the same for all participants. In the second ride, the traffic conditions during RG
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presentation were different for the two groups (see Table 8.1). In both rides, there were two
conditions with and two conditions without a car from the left during RG presentation. There
were never cars from right or from ahead at the intersections where RG was presented. The
car from the left was always visible to the participant because there were no buildings
obscuring the participant’s view at these intersections. The cars from the left planned to arrive
at the intersection at the same time as the participant in all conditions, although exact arrival
time depended on the actions of the participant and on the right-of-way rules that the car from
the left used. In the first ride (of 4 conditions), this car from the left observed the right-of-way
rules, yielding to the participant’s car. In the second ride, this car did not yield to participants
from the experimental group. As a test for habituation of the experimental group to the car
from the left, the last condition was the same for both groups: the car from the left would not
yield to either group.

In order to test whether an emergency situation interferes with the formation of intentions
and/or with the execution of intentions, two conditions in the second ride were altered slightly,
compared to similar conditions in the first ride. In these conditions, there was no car from the
left at the intersection when RG was being presented. Instead, there was a car from the left at
the first intersection after the RG information (see Figure 8.1). This car yielded normally to
the control group but not to the experimental group. This was the same traffic situation as
when that car would arrive at the intersection when RG was still being presented. The only
difference was the timing of the RG message: in the “car later” condition, RG had already
ended when the experimental group was confronted with a car from the left that did not give
way.

Table 8.1 Overview of behaviour of car from the left in the different
experimental groups

Condition RG Traffic Control group Experimental group
1 3 no car no car no car
2 2 car during RG car yields car yields

3 2 no car no car no car

4 3 car during RG car yields car yields

5 3 car later car yields car does not yield
6 2 car during RG car yields car does not yield

7 3 car during RG car yields car does not yield

8 2 car later car does not yield car does not yield

RG: number of route guidance directions presented

8.3.3 Procedure
The experiment was combined with a vigilance experiment, which was conducted prior, and
subsequent to the present study. Upon arrival in the laboratory, the participants first filled out
a health and driving experience questionnaire. They were trained for the vigilance experiment
for about 10 minutes and then performed the vigilance experiment, which was conducted on a
rural road with intersections and other traffic and which took about 30 minutes. The present
study started with a training of about 15 minutes. Participants were familiarised with driving
in the urban environment and with the experimental task of processing the route messages.



87

During the training, traffic always observed the right-of-way rules. The experiment took about
30-45 minutes to complete, depending on driving speed and number of route errors.
Participants finished with another half-hour of the vigilance experiment (reported elsewhere,
Van der Hulst, Meijman, & Rothengatter, 1999).

8.3.4 Data collection
Route finding errors were recorded and divided into two categories: directional and counting
errors. A directional error means that a participant turns off at the correct intersection but takes
the wrong direction. A counting error occurs when a participant takes the correct direction but
at the wrong intersection. The occurrence of collisions or near-collisions with the car from the
left was also noted. The experimenter judged whether an incident was considered to be a near-
collision: A near-collision was the incident where a participant had to make an emergency
stop to avoid a collision.

Route errors were analysed with Chi-square tests. If the assumptions for the Chi-square test
were not met, Fisher’s exact probability test was used instead. This was either because n
was smaller than 20 or because expected frequencies were too small (n between 20 and 40,
and expected frequencies less than 5), as recommended in Siegel (1956), Fisher’s exact
probability test is a non-parametric test for discrete data; it does not compute a statistic but
the probability that two groups differ in the proportion with which they fall into two
categories (Siegel, 1956).

/%��������

First, data will be presented concerning the number of route errors that were made in the
experiment; this will be followed by the number of collisions and near-collisions in the
experiment.

8.4.1 Route errors
Due to the dynamic interactive character of traffic in the driving simulator, the traffic situation
was not completely under experimental control. The other traffic in the simulator is
autonomous, following generic rules, and it can only be controlled fully by the experimenter at
the expense of unnatural behaviour of that other traffic (e.g., unrealistic acceleration rates,
extreme speeds). It was decided to try to keep traffic behaviour of the other cars as natural as
possible. Factors such as driving speed, acceleration rate and other behaviours of a participant
in the experiment therefore influenced the particular traffic situation that the car from the left
encountered at the crossing and reacted to. Unfortunately, this at times resulted in the car
yielding to the participant when it should not have, and vice versa. Data on route errors will
therefore be presented in two ways. First, the differences between the experimental and
control group were analysed. In these analyses, a number of cases were coded as missing due
to unplanned behaviour of the other traffic. This implies that results are based on less than 26
subjects in these conditions. Next, data will be presented on the basis of the actual traffic
situation encountered by the participants, irrespective of group membership (experimental or
control), summed over the entire experiment. In this way, all experimental data can be used,
which has the additional benefit that statistical power is increased.
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Group differences
To test for a priori differences between the two groups in route finding performance, data
from the first ride will be compared, because the first part of the experiment was the same for
both groups. The two easiest conditions without any traffic during RG presentation (Condition
1 and 3) were compared. In these conditions, the car from left always behaved as planned. The
two groups showed similar route finding performance: in Condition 1, one participant in each
group took a wrong way; in Condition 3, one particpant from the control group, and no-one
from the experimental group, made a route error). With simple RG messages (2 directions;
condition 3), no route errors were made in either group. With complex RG messages (3
directions; condition 1), in each group, one driver took a wrong turning. To test for habituation
effects in the experimental group, route-finding performance in the last condition was
compared between the two groups. In the last condition (Condition 8), both groups were
confronted with a car from the left not yielding, which it should have. In this condition, no
participant in the experimental group made a route error. As there were also no route errors in
the control group, it is unlikely that this was due to a learning effect in the experimental group.

The question that this experiment tried to answer was whether the participants would give
priority to processing the RG information to reach the destination, or avoiding an accident.
Route finding performance and the occurrence of accidents were therefore compared for the
two groups in conditions 6 and 7. In these conditions, with 2 and 3 route directions
respectively, the car from the left gave way to the control group but not to the experimental
group. With simple RG messages (2 directions), no route errors were made in either group.
However, with complex RG (3 directions), the experimental group made considerably more
route errors than the control group (see Table 8.2): 42 percent of the participants in the
experimental group took a wrong turn. All participants who had received normal right-of-
way with complex RG drove the correct route. The difference between the groups was
significant (Fisher’s exact probability test, p< .03).

Table 8.2 Group differences in percentage of route errors in second ride
Condition RG Traffic Control group a Experimental group b

5 3 Car later 23 (n = 13) 33 (n = 12)
6 2 Car during RG 0 (n = 11) 0 (n = 11)

7 3 Car during RG 0 (n = 11) 42 (n = 12)

8 2 Car later 0 (n = 12) 0 (n = 12)

RG: number of route guidance directions presented
a Car from the left yields to control group, except in condition 8
b Car from the left does not yield to experimental group

A further research question referred to the timing of the critical traffic situation. Would the
critical traffic situation interfere with the formation of implementation intentions or the
execution of the intention? To answer this question, conditions 5 and 7 were compared (see
Table 8.2). Both conditions involved a complex RG message (3 directions), and a critical
incident for the experimental group. In condition 7, this car did not yield during RG
presentation, whereas in condition 5, the car from the left did not yield at the first
intersection after RG had ended (“later”). The experimental group lost their way more in
condition 7 (“during RG”) than in condition 5 (“later”): 42% vs. 33%. However, in the
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“later” condition, 23% of the control group also lost their way. The difference between the
control group and the experimental group in this condition is not significant (Fisher’s exact
probability test, p<.426).

Route errors as a function of actual traffic situation encountered
Next, all 8 experimental conditions were analysed together, irrespective of group membership
of participants, and route finding performance was analysed depending on the actual traffic
situation during RG presentation. Table 8.3 shows these data. Note that the total number of
traffic situations was 208 (8 conditions x 26 participants; the total number of occurrences of 2
RG directions is 104, as is the number of 3 RG directions: 104 + 104 = 208; see bottom row).
The total number of route errors in the experiment was 25 (21 with RG=3, and 4 with RG=2).

Table 8.3 Number of route errors as a function of the actual traffic
condition encountered, summed over entire experiment

RG = 2 RG = 3
Traffic condition Errors n % Errors n %

No car 1 29 3 3 30 10

Later, car from the left yields 0 2 0 3 14 21
Later, car from the left does not yield 0 24 0 4 12 33

During RG, car from the left yields 2 33 6 2 26 8
During RG, car from the left does not yield 1 16 6 9 22 41

Total 4 104 4 21 104 20

RG: number of route guidance directions presented

Taken together over all traffic situations, the data again show that 2 directions were
remembered better than 3 directions, irrespective of the traffic situation. Following 2
directions, 4% of the participants lost their way; following 3 directions, 20% of the
participants lost their way. This difference between 2 and 3 RG directions was significant (Χ2

(1, n=208)=11.64, p<.01). The most important finding is that the highest number of route
errors occurred when the car from the left did not give way “during RG” (RG=3): 41% of the
participants lost their way. More participants lost their way when they did not receive right-of-
way than when they did during RG presentation (8% versus 41%) (Χ2 (1, n=48)=5.68, p<.01).
Note again the large number of route errors in the “later, does not yield” conditions with
RG=3: 33% of the participants made a route error. The conditions “later, car yields” and
“later, car does not yield” resulted in similar number of route errors (21% and 33%,
respectively).

Summed over the entire experiment, for all route errors, the type of route errors made were
analysed: directional or counting errors (see Table 8.4). Summed over RG=2 and RG=3,
counting errors seemed more prominent than directional errors: there were 8 directional and
14 counting errors in the experiment (three route errors could not be classified as either a
directional or a counting error, e.g., when a participant should turn right but drives past the
correct intersection, and cannot go right at the next intersection because that intersection is
a T-junction: it is unknown whether this driver made a counting error or a direction error;
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one subject took a wrong turn after he had followed all directions correctly, which was
noted as a route error because it showed he did not remember the entire route).

Participants equally lost their way at the first, second and third turning: 9, 9, and 7 route
errors respectively. However, to fully understand the nature of errors, the data have to be
corrected for the fact that participants who make a route error in a previous turn cannot
make a route error later. Therefore, data have to be expressed as percentages of the number
of participants who actually arrive at the second or third turning. In the entire experiment,
there were 208 first turnings (26 participants x 8 conditions). Nine participants made a route
error here, which is 4%. Thus, 199 (208 - 9) participants arrived at the second turning, of
whom 9 made a route error, which is 5%. In the RG=3 condition, there were 90 participants
(104 - 9 - 5) left to arrive at the third turning (there is no third turning with RG=2). Seven
of them made a route error, which is 8%. Thus corrected, the data show that the third
direction is remembered relatively worse than the first two directions of a RG message.

Table 8.4 Number and type of route error as a function of number of route
guidance messages

Route error type
Counting Direction Other Total

RG = 2 First turning 1 3 0 4
Second turning 0 0 0 0

Total for RG = 2 1 3 0 4

RG = 3 First turning 5 0 0 5
Second turning 5 4 0 9

Third turning 3 1 3 7

Total for RG = 3 13 5 3 21

Total for all RG conditions 14 8 3 25

RG is number of route guidance directions presented
“Counting” refers to going the correct direction at the incorrect intersection
“Direction” refers to going the incorrect direction at the correct intersection
“Other” is an error that could not be classified as either a counting or a direction error
“First turning”, “Second turning”, and “Third turning” refer to where in the route the route
error was made

8.4.2 Collisions and near-collisions
In the entire experiment, there were eight (near-)collisions with the car from the left that did
not give way (see Table 8.5). One near-accident happened with a complex RG message at a
“later” intersection: this participant reached the destination without errors. Three near-
accidents happened when complex RG was being presented: these participants lost their
route later. With simple RG, three near-collisions happened, where the participants nearly
collided with the car from the left that did not give way at the “later” intersection. These
participants did not lose their way. The only participant who made a route error with 2
directions had a real collision later in a condition, with a car that did not yield.
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Table 8.5 Number of Near-Collisions and Route Errors

(Near-)collisions Route errors (n) Route errors (%)
RG = 2 Later 3 0 0

During RG 2 1 50

Total for RG = 2 5 1 20

RG = 3 Later 1 0 0
During RG 3 3 100

Total for RG = 3 4 3 75

RG = Route Guidance directions; “Later” and “During RG”: see Figure 8.1
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The present study tried to answer the question how operators in complex dynamic tasks
choose between conflicting subgoals when both are equally important for achieving the top
goal of the task. Car driving was used as an example of such a task, because it is a
hierarchical task where the top goal can be divided into two equally important subgoals:
arriving at the planned destination, and avoiding accidents. Also, choices made by car
drivers have direct consequences for traffic safety, as collision avoidance has been assumed
to compete with other subgoals (Duncan, 1990).

Car drivers were presented with route guidance (RG) messages while a critical traffic incident
happened. It had been expected that this would present a conflict between the two subgoals of
driving to the destination and arriving there without accidents. Because the critical incident
happened at the same time as the route guidance messages were given, the two subgoals could
be separated and it could thus be tested which subgoal received more priority from car drivers.
To be able to test whether the emergency situation interfered with intention formation or with
intention execution, the timing of the emergency was manipulated: not only were participants
confronted with an emergency situation during RG presentation, but also later in the ride.

A first finding was that processing 2 RG directions (simple RG) did not induce much of a
conflict between subgoals. In the entire experiment, only 4 route errors occurred when
participants were following simple RG. It can be concluded that processing two route
directions was well within the capabilities of the participants, and could be combined with
negotiating an intersection and avoiding a collision. Processing three directions proved more
difficult: of all route errors made in the entire experiment, 84% occurred with 3 directions.
Actually, it seemed only just within the capabilities of participants to process three directions.
After complex RG, irrespective of the traffic situation at the time of presentation, 20% of the
participants lost their way. This indicates that the conflict between the two subgoals mostly
occurs in conditions with 3 directions. The rest of this discussion will therefore focus on those
conditions.

Notable in the results for conditions with 3 directions are the large differences between similar
conditions. Whereas in condition 5 (“later”) 23% of participants of the control group made a
route error, only 8% (2 of 26) of the participants made a route error in condition 1 (“no car”).
This is somewhat surprising, as the conditions are very similar: in both conditions, no traffic
was present at the intersection when the direction information was presented. There does not
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appear to be a clear explanation for this difference. This was one of the reasons for summing
all experimental data over the traffic scenarios encountered by the participants.

When summed over the entire experiment, the results were straightforward: when forced to
choose, participants gave more priority to accident avoidance than to route finding. Summed
over the entire experiment, 8% of the participants made a route error when the car from the
left behaved normally. This stands in sharp contrast with the situations where the car from the
left did not observe right-of-way rules. When confronted with a critical traffic incident when
three directions were being presented, 41% of the participants (see Table 8.3) did not
remember the route correctly and took a wrong turn. These subjects gave priority to handling
the traffic situation, and avoided an accident successfully, but at the expense of processing the
route information. Furthermore, participants who were involved in a near-collision, did not
arrive at their destination (see Table 8.5). The conclusion is therefore warranted that the
participants’ main priority was collision avoidance rather than remembering the route.

Unfortunately, the large number of route errors in condition 5 for the control group (an
emergency situation later in the ride) made it impossible to test the effects of the timing of the
RG messages. In this condition, the number of route errors was so high in the control group
that the larger number of route errors in the experimental group was not significantly different.
There is no real explanation for this high number of route errors, as nothing extraordinary
happened to the control group in this condition. Therefore, it remains unclear whether the
handling of an emergency situation only interferes with the formation of intentions, or also
with the execution of previously formed intentions.

However, the relatively high incidence of route errors at the second and third direction (Table
8.4) suggest that dealing with the car from the left not yielding unexpectedly interfered with
the encoding of the RG messages (although this obviously does not rule out the possibility that
such an emergency situation could not interfere with the execution of previously memorised
messages). Remember that the RG messages started around 8 seconds before the participant
reached the intersection. Depending on the speed driven by the participants, they were either
listening to the second or third direction when they arrived at the intersection where the
critical incident happened. Supposedly, the first direction had already been committed to
memory when the critical traffic incident happened. The fact that most route errors occurred
with the last two directions shows that the incident had no effect on the execution of the
already memorised direction, but strongly interfered with the encoding of the incoming
messages.

Driving is largely a visual task, leading many researchers to suggest (Schraagen, 1993;
Wierwille, 1993) that route guidance systems should present their information auditorily.
However, the present study indicates that auditory (RG messages) and visual (car from the
left) information can interfere, and that the contents of auditory messages may be lost
completely when dealing with distracting visual information. There is reason to believe that
not only emergency situations may result in loss of (auditory) information. Operators in
complex tasks have been shown to select information only if it is relevant for the presently
active goal (Vicente & Wang, 1998). When a driver is involved in another subtask
(overtaking, talking to a passenger, or planning the evening meal), RG messages may not be
effectively processed by the driver, as they are not relevant for the presently active task goal.
This suggests that an effective auditory RG system should be supplemented with a visual
backup system. 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
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driver enters an intersection, at which time the driver’s subgoal of route finding has become
active.

These results clearly demonstrate how easily the formation of intentions (to remember the
route) can be overruled by an unexpected emergency. This seems in contrast to claims by
Goschke & Kuhl (1993) that remembering the contents of one’s intentions proceeds without
conscious control. However, the route guidance messages in this study were rather complex,
and more importantly, did not allow control to be transferred to the environment. Driving the
correct route not only involved remembering the instructions, but also required counting the
intersections until the appropriate intersection was reached. This implies continuous use of
working memory. The fact that the majority of the route errors in this experiment was due to
counting errors indicates that counting of the intersections is indeed error-prone. A route
guidance message which would include distinct landmarks, such as “turn left at the traffic
lights,” would probably have been more effective in transferring control to the environment;
the traffic lights would have been the cue to turn left. There is evidence that drivers indeed use
landmarks in navigation (Alm, 1990). It is doubtful, however, that the interference that
occurred during the emergency incident with the encoding of the RG message would not have
occurred if the RG messages had used such landmarks. RG messages that would use
landmarks are still rather complex (turn left at the gas station, right near the church, then left at
the traffic lights), and would need substantial processing.

It is precisely this kind of processing that seems heavily disrupted during the occurrence of
biologically significant emergencies. Noise stress impairs prefrontal cognitive functioning to
allow more habitual responses through a hyperdopaminergic mechanism that comes into play
in stress (Arnsten & Goldman-Rakic, 1998). The so-called short-latency dopamine response is
in general observed after the unexpected presentation of a behaviourally significant stimulus
(Redgrave, Prescott & Gurney, 1999). This suggest that in episodes of acute (mild) stress, the
organism stops ongoing behaviour, orients itself to the new stimulus and performs habitual
behavioural patterns that have proved to be helpful in stress situations, without losing time
deliberating over what actions would be the most appropriate in the present situation.
Although these effects have been observed in animals, the present study suggests that the
same mechanism may come into play in humans when their bodily integrity is under threat.

The car from left that does not yield can been seen as an unexpected event of behavioural
significance: Not reacting to such an emergency situation can result in an accident. Because of
this event, the RG messages are not further processed, and attention is switched to the
unexpected new stimulus. With the prefrontal cortex off-line, there is room for the more
habitual or stereotyped behaviour of collision avoidance, a behaviour with high survival value.
Interpreted in this way, collision avoidance is not mediated by the prefrontal cortex; the
prefrontal cortex would “calculate” the value of collision avoidance in comparison to other
task goals, that is, would weight the values of the respective goals (Duncan, 1990). Rather,
collision avoidance is habitual behaviour regulated by lower brain regions. Collision
avoidance is an essential part of driver education emphasising safe driving in general.
However, because drivers have learned to focus on safety, collision avoidance is not only a
high-priority goal, it is also part of the higher-order goal of protecting bodily integrity.
Collision avoidance is not an “ordinary” task goal or subgoal that has to compete with other
task goals. By training, it has indeed become a habitual response or “supergoal” to emergency
conditions. Collision avoidance is very likely to dominate over lower-order task goals as it is
part of the (lifetime) goal of protecting one’s own personal safety and physical well-being.


