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This chapter will provide some theoretical and practical background on the importance of
goals in research on car driving. Car driving is assumed to be a hierarchical task, but the
mechanisms of control between and within the behavioural levels are still unclear. Section
2.2 will discuss the implications of the assumption that car driving is a hierarchical task and
will also show how car driving is a complex dynamic task. The next chapter will pick up on
this by discussing how complex dynamic tasks are performed and learned.
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Ranney (1994) reviewed driving behaviour models, and followed the distinction between
taxonomic and functional models previously made by Michon (1985). Taxonomic models
describe relations between variables without indicating the processes that underlie these
relations. For example, a large body of literature deals with individual differences in
accident involvement. Psychological variables, such as cognitive style, selective attention
or useful field of vision, are used to predict accident involvement. The relation between
these variables and driving behaviour is at best indirect, and this line of research has failed
to find reliable predictors of accident involvement, both for methodological and theoretical
reasons (Ranney, 1994).

Functional models, which include motivational models and information processing models,
do involve dynamic relations between components. In motivational models, risk plays a
central role. These models assume that driving is a self-paced task and that drivers select
the amount of risk they are willing to accept in a given situation. The most important
proponent of these models has been the risk homeostasis theory of Wilde (1982, 1988),
which assumes that drivers aim at a target level of subjective risk. An implication of this
theory is that drivers will compensate for safety-enhancing improvements by driving faster
or less cautiously to re-establish the level of subjective risk. Main criticisms included a
confusion between aggregated and individual levels of analysis, lack of internal
mechanisms that account for the higher-order cognitive functions with which the models
deal (risk, beliefs), and exclusion of cognitive mechanisms (Michon, 1985).

Michon (1985) proposed a hierarchical control model of car driving, where car driving is
seen as occurring at three different levels. At the strategic level, trip decisions are made
regarding route to drive, and general goals are set, such as “minimise time” or “avoid traffic
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jams”. Actual manoeuvring takes place at the tactical level: overtaking, negotiating
intersections; at the operational level, immediate vehicle control occurs, such as change of
gear, braking, steering. Each level is associated with a time scale: at the strategic level,
decisions take minutes, driving manoeuvres are measured in seconds, whereas operational
control actions take less than one second.

A hierarchical model assumes top-down control, so that decisions made at superordinate
levels control behaviour at lower-level levels, but Michon allows for bottom-up control as
well. Momentary traffic conditions can lead to an adjustment of tactical preferences.
Drivers may for example decide to overtake more often when traffic is extremely slow, or
drive more cautiously on slippery roads. Rather than being a single task, car driving
involves different subtasks, performed at different levels of control. Control mechanisms
are assumed to allocate attention between the levels of control. However, it is not known
how attention is allocated to the different subtasks, and Ranney therefore proposed that
future research should focus on these attention control mechanisms.

He suggested to combine the hierarchical control model with concepts derived from work
in automaticity. On the basis of extensive practice, specific situations will automatically
trigger the associated actions. Automatic task behaviour proceeds without conscious
awareness, is fast and effortless; controlled processing does involve effort and problem
solving, and is generally slow. Following suggestions from both motivational models and
information processing theory, Ranney assumes that novel or unexpected situations will
disrupt automatic behaviour and that controlled processing is required to deal with such
situations. He agrees with Summala (1988) that novel or hazardous events evoke
uncertainty and hypothesises that it is uncertainty that might trigger the shift from
automatic to controlled processing: When the driver is uncertain about the present situation
or about which actions to take, control is shifted from automatic to controlled processing in
order to decide on future actions. Summala’s later model of hierarchical control in accident
risk and driver behaviour (1997) also assumes that uncertainty (and overload) may be the
trigger for controlled processing.

However, it is doubtful whether this approach really provides a satisfactory framework.
First, it is questionable that uncertainty triggers the shift to controlled processing. There is a
more straight-forward explanation: novel events simply cannot be dealt with in an
automatic fashion. They cannot be matched against existing behavioural schemata, because
these schemata have not been learned. Only when such schemata have been learned, can
they be applied in similar situations. Therefore, not uncertainty but lack of behavioural
schemata results in controlled processing.

Second, the concept of automaticity is misleading. Automaticity refers to reliable and
consistent behaviour, insensitive to interference. However, on closer inspection not even
gear shifting, a frequently cited example of automatic behaviour, is automatic in this sense
(Groeger & Clegg, 1997). The link between environmental cues and associated responses is
also not as direct as proposed: it is goal-dependent. Consider the car driver who has learned
to associate a red traffic light with a braking response. When this driver is walking,
however, seeing a red traffic light will not automatically lead to a braking response.
Without the driving-a-car goal active, the response will not initiated (Bargh, 1992). Even
“automatic” behaviour is goal-dependent, and under cognitive control. Car driving thus
does not proceed automatically in the sense that it is entirely stimulus-driven, reliable, and
consistent (see also Chapter 3).
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At present, therefore, it is not established how drivers allocate their attention among the
tasks at the different levels of control (Ranney, 1994), or among tasks at the same level.
Traffic psychologists are however concerned about potentially negative safety effects of
secondary tasks and in-car systems on driving behaviour (Verweij, 1993; Alm & Nilsson,
1995). For example, Dingus, Hulse, Mollenhauer, Fleischman McGehee & Manakkal.
(1997) and Pohlman & Traenkle (1994) showed that the number of unplanned lane
deviations increases when drivers use complex visual route guidance systems. Also, use of
mobile phones has been associated with an increase in accident risk (Violenti & Marshall,
1996). Determining how attention is allocated in multitask performance is therefore an
important issue, not just from a theoretic but also from a practical viewpoint.
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Michon (1985) and others thus assume that car driving is a hierarchical task with
concurrent activity at different behavioural level. This section will discuss some
characteristics of a hierarchical task while the next section (2.2.2) will describe the driving
task as a multi-task activity.

2.2.1 Car driving as a hierarchical task
Tasks are undertaken to fulfil a certain task goal. The main task goal is achieved by creating
subgoals, which are satisfied first by performing the appropriate actions. The main task
goals in driving are to arrive at the destination and to avoid collisions. In order to visit a
friend in the country (the main goal), a subgoal is created to drive there (Subgoal1 created
and pushed on the goal stack). A new subgoal may be created to determine the route to
drive (Subgoal2 created), of which “finding the road map” is a subordinate subgoal
(Subgoal3 created). When the road map is on the table (Subgoal3 achieved and removed
from the goal stack), the route is determined (Subgoal2 achieved), and the drive may start
(Subgoal1 achieved). When the destination is reached without accidents, the main task
goals are achieved. In many hierarchical tasks, the task structure includes subgoals that
have their own hierarchical structure as well: they include other subgoals. For example, the
subgoal of overtaking includes subgoals such as check for oncoming traffic, adjust speed.

A hierarchical model supposes that lower-order levels are controlled by higher-order goals.
The main goal in driving is to arrive at the planned destination, which implies that a
decision at the strategic level is needed to select the route to drive. This higher-level goal
sets subgoals and behaviour at the tactical level (such as to turn left before the bridge)
which in turn set the subgoals and actions at the operational level (change into second
gear). This implies that a certain action will only be performed when it fulfils a certain
(sub)goal. For example, only when the subgoal of overtaking is active, will the associated
behaviours (checking rear-view mirror, speed up, move into left lane) be performed. This is
an important property of hierarchical tasks, a point that will be taken up again in the
discussion of effects of high task demands on driving behaviour (Section 5.2).

Decisions at higher levels thus establish the criteria that must be met at the lower levels.
Higher-level goals set the constraints for lower-order behaviour but they do not dictate
behaviour in a deterministic way. The higher-level goals only specify a general plan or
strategy rather than specific behaviour; the actual actions depend largely on actual
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circumstances: they obviously have to be in tune with the actual task environment (Vera &
Simon, 1993). This bottom-up control is an important aspect in all task behaviour, and will
be discussed in more detail in Chapter 3.

Not only the actual actions but also the task goals themselves can be dependent on the task
conditions: higher-order goals may occasionally be adapted to fit the outcome of certain
manoeuvres or the prevailing circumstances. There is evidence to suggest that task goals
are not only adapted but triggered by environmental cues (see Chapter 4).

2.2.2 Car driving as a multi-task activity
Car driving is a multi-task activity. It involves performing many subtasks simultaneously,
both at an operational level and at a tactical level. Aasman (1995) differentiated a number
of driving subtasks. Speed control involves selecting the correct speed and acceleration
rate. Lane keeping, curve negotiating and collision avoidance, and motor control in
handling the car (shifting gear, etcetera) are two other tasks at the operational level. Visual
orientation involves looking in the right direction at the right time. This is a vital but
difficult subtask that serves to get an accurate and actualised overview of the traffic
environment: Novice drivers make many errors in this specific subtask, indicating that
much experience is needed to become proficient in this subtask. Examples of other driver
subtasks, not mentioned by Aasman, are route finding, overtaking, and distance keeping.
Additionally, drivers often perform subtasks that are not associated directly with the driving
task itself, such as talking to a passenger or over the mobile phone, operating the radio set,
eating, smoking, monitoring children, and more.

Aasman considered co-ordination of the subtasks (multitasking) a subtask in itself: doing
the right thing at the right time. Subtasks not only need to be integrated within the driving
task but should also be interleaved with the task environment. Aasman gave the example of
approaching an intersection, where many different subtasks need to be carried out in a very
short time. This involves integration and co-ordination of many discrete visual and motor
actions, but also sampling and interpretation of the environment and other traffic
participants’ behaviour, while actions should be adapted to and in tune with the
environment. Not surprisingly, novices approach intersections at a relatively slow speed.

2.2.3 Dynamic goal management
Car driving is a task performed in a dynamic environment, and critical situations can
develop fast and unexpectedly. Drivers need to be ready to respond to such emergencies but
at the same time should not be distracted from the main task by such interruptions: for
example, after dealing with a child suddenly crossing the road, the driver still needs to
remember the route. Thus, drivers’ goal stacks are not static, but subgoals are created
dynamically as a response to external events. Management of such a dynamic goal stack,
protecting high-priority (sub)goals and keeping behaviour in tune with the environment,
does not appear to be a trivial task.
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In summary, car driving thus appears a task where higher-level goals set lower-order
subgoals and hence, lower-level task behaviour. The general strategies are adapted to the
actual circumstances encountered, so the actual actions are in tune with the task
environment. The car driving task itself involves performing many different subtasks
simultaneously, and co-ordination of these tasks can be considered a subtask in and by
itself. In order to keep behaviour adaptive to the environment, visual orientation is
important to keep a mental overview of present and potential future situations. To
understand how drivers can perform such a complex task, it is necessary to study how
expertise in general develops. This will be discussed in the next chapter. How people
manage dynamic goals stacks will be discussed in Chapter 4.


