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Abstract. Due to the well-elaborated limitations of cognitive processing,
humans can process only a certain number of tasks in parallel. Notably in the
context of driving this poses a serious problem when performing additional tasks
while driving. Statistically, drivers perform other tasks while driving in over
50 % of the time but drive approximately 3.8 million kilometers before expe-
riencing a severe accident. Hence, besides the undoubted negative influence of
non-driving related tasks on driving, appropriate abilities are required to succeed
even in most critical driving situations. Until today, little is known about these
abilities. To gain further insight, the present paper dwells on the development of a
framework based on elaborated cognitive models. Its central claim concerns
proactive functional situation management based on situation assessment and task
prioritization. A driving simulation study is reported to support the framework.
Further, it is discussed how this approach could be applied to fields of HMI.

Keywords: Information processing � Driver abilities � Task load/workload �
Multi-tasking

1 Introduction

In daily life, humans often face situations which require the processing of more than
one task at a time. Prominent examples for parallel task accomplishments can be found
in driving. Here additional tasks next to the mere driving might be manipulating the
radio, talking or using smart phones. However, it is well established that human
cognitive performance resources are limited (e.g. [1]). This is why humans can only
work on a certain number of tasks simultaneously. For the above mentioned multi-
tasking situations with driving being the main task this clearly constitutes a problem. If
drivers are engaged in actions, other than driving, they run the risk of deteriorating their
primary task performance, which could immediately lead to accidents. Due to the
topic’s social relevance, the analysis of a negative relationship between secondary task
behavior and driving performance is subject to a large body of empirical research
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(e.g. [2–7]). Many results of these studies are implemented in (inter-) national guide-
lines as well as principles regulating the design of Human Machine Interfaces (HMI) in
vehicles in order to prevent drivers from making mistakes (e.g. AAM, ESOP, JAMA
Guideline).

Irrespective of the influence of secondary task behavior, indeed, drivers are
engaged in additional tasks in more than 50 % of the time while driving [8]. However,
statistically speaking, drivers have to travel up to 3.8 million kilometers on average
before experiencing a severe accident [9]. This is why we suggest the existence of
certain human natural skills enabling drivers to cope successfully with demanding
multi-tasking situations. In other words, the present paper offers an inverted view on
this interesting topic by explicitly not focusing on the proven negative effect of sec-
ondary task behavior in the context of driving. Overall, the paper is about a positive
view on drivers’ abilities rather than their disabilities. It is suggested to review this
approach concerning its applicability to other fields of Human-Machine Interaction.
The vast aim is the optimization of technical systems concerning their error preventing
capacities by supporting human natural task processing skills.

The present approach claims that one of the essential capabilities of human beings
is to (i) assess the available cognitive resources in a specific situation, (ii) rate their
performance per task, (iii) estimate the situation’s development and (iv) initiate
appropriate behavioral adaptations. Imagine a car driver cruising on a calm, rural road
while chatting with his co-driver and selecting a radio station. Then he enters a
motorway and finds himself heading for a construction site. As a consequence, a
natural reaction would be that the driver interrupts the conversation and stops the radio
manipulation in order to fully concentrate on the driving situation. Not before the
driving situation is rated to be safe again, side activities will be resumed and continued.
In other words, the human processing system seems to make use of a functional
mechanism that allows for both, prioritization of some (relevant) tasks on the one hand
and reduction/abortion of other (less relevant) tasks on the other hand. Given the
existence of such a mechanism, it is supposed to work by anticipating a to-be-achieved
system-status (safe driving in demanding situations) and concurrently initiating online
regulation of a simultaneously conducted activity (e.g. talking). We propose to label
this mechanism “functional situation management”. The central aspects of this
approach are to find out and explicate how drivers do naturally manage conflicts
between cognitive resources’ limitations (prioritization) and the occurrence of
demanding driving situations. Although this approach seems plausible, there is up to
now – according to our best knowledge – no comprehensive concept explaining dri-
ver’s functional situation management.

The present paper therefore provides a first theoretical framework addressing the
described natural skills in driving scenarios. In a first step the development of the
theoretical framework is led by an intensive review of relevant literature. In a further
step, initial proof for the framework is provided via an empirical study run in our own
laboratories. However, the framework described here does not claim to be exhaustive,
but shall serve as a working framework for future empirical work.
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2 A Working Framework for Driver’s Behavior

2.1 Task Load and Workload

In conceptualizing drivers’ natural skills under extensively heightened task load and, as
a consequence, workload conditions it is inevitable to create a common understanding
of the relevant terminology. First and foremost, the concept of ‘task load’ and
‘workload’ needs to be explained. Generally, the term ‘task load’ denominates all
external aspects that come up to and psychologically impact a task processing indi-
vidual (e.g. noise, time pressure etc.). ‘Workload’ on the other side, denominates all
individual-related effects of the task load on the task processing individual. These could
be either positively (e.g. activation, motivation) or negatively pronounced (stress,
monotony). Hence, task load is an assessable objective dimension whilst workload can
be defined as a latent subjective dimension [10, 11]. In this context, Hilburn and Jorna
[12] developed a model which originally refers to the task of air traffic control.
According to this model, task processing can be understood as a system of several
factors, namely system and operator factors. If a task is presented, external factors
(system factors), as for example concrete task and environmental characteristics, are
likely to add up to a certain amount of task load. This in turn amounts in combination
with user characteristics (operator factors), like skills or experience, to an ultimately
resulting, subjectively experienced workload.

2.2 Task Load and Workload While Driving

Although Hilburn and Jorna’s model [12] was developed for the field of air traffic
control, its transfer to other contexts, such as driving situations, appears plausible. That
is, ‘driving’ itself can be understood as a complex and distinct task which in vivo is
accompanied by secondary tasks as well. Adapted to Hilburn and Jorna´s model [12],
both the driving task as well as an additional secondary task can be formulated by a set
of different situational factors. Some of these factors, such as driving speed, are sup-
posed to be manipulated online directly by the driver. Other factors, like traffic
demands or ergonomic properties are being defined by external conditions. Overall, the
task inherent situational factors accumulate to a certain amount of task load. This task
load then is being ‘moderated’ by the operator factors. On the one hand, these might be
stable attributes of the driver, like driving skills and driving experience. On the other
hand, operator factors also contain attributes that might be adapted to a given situation
– such as the invested effort on a certain task. According to the given definition, the
task load – moderated by operator factors – results in a subjectively experienced
workload, which in turn leads to a certain driving and secondary task performance (see
Fig. 1).

2.3 Drivers’ Possibilities to Cope with Demanding Situations

In general, humans have only a limited amount of cognitive resources at their
disposal, which they can deploy to handle the task load elicited by one or more tasks
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(e.g. [13, 14]). In case drivers do actively process more than one task it is not man-
datory that all tasks exhibit equivalent priorities. That is, a mechanism seems to be
necessary that weights relevant (primary task) and less relevant (secondary tasks). To
succeed in situations of multiple task-processing, the various tasks need to be arranged
with each other due to internal prioritization processes. A model describing the pos-
sibilities of primary and secondary task regulation under high task load is Hockey’s
[15] ‘compensatory control model’.

Hockey assumes that for task processing certain efforts in terms of resources are
allocated. If it becomes apparent that the allocation of efforts is not sufficient for a
successful task accomplishment (e.g. in a demanding traffic situation), a regulatory
system – the ‘supervisory controller’ – is being activated. This system offers two
central coping strategies. On the one hand, processing efforts could be increased
temporarily (e.g. increase of current workload: high driving performance and high
secondary task performance). Due to the aversive character of this enhancement and its
temporal limitation, Hockey proposes a second possibility. This could be the accep-
tance of a decrease of performance in one or more tasks. In this special case a suitable
coping strategy is in need. This strategy, in turn, is proposed to regulate anticipated
performance targets in different tasks with respect to available (cognitive) capacities.

In the present framework Hockey´s idea of a compensatory control under high task
load is integrated and extended to the situation of driving. It is supposed, that the
‘supervisory controller’ continuously compares a current state with a target state and
tries to solve given discrepancies in the perceived workload level and/or the driving
performance and/or the performance in the secondary tasks. Once the supervisory
controller detects a mismatch between the current and target state (such as driving
performance is detected to be too low compared to the target), three possibilities,
hereafter called ‘paths’, of regulation are likely. Within the first path, functional
behavioral adaptations in the task itself can be applied by adjusting certain situational
factors of the task (e.g. reductions of driving speed). The second path describes, in line
with Hockey’s concept, the possibility of modulating certain operator factors. As such,
the amount of invested effort in the driving task could be increased. A third possible
path to cope with the perceived mismatch of current and target situation is to adapt the
target. In this case a reduced performance, in the task(s) whose target is lowered, is
(temporarily) accepted (Fig. 1).

A further important extension of the proposed framework consists of the integration
of the concept of situation awareness [16]. This model enlargement is of high signif-
icance to the proposed framework as it allows describing and predicting drivers’
behavior especially in dynamic environments. Three stages of situation awareness are
described: In a first stage the situation has to be perceived correctly. In a second stage
the situation has to be comprehended in order to predict the future development (third
stage). Especially in driving situations the correct prediction of upcoming situations is
essential to enable the driver to perform accordingly (e.g. change lanes in advance).
With respect to the present framework, it can be assumed that the supervisory controller
is not only limited to react to situations that are already in effect. Additionally, the
supervisory controller might also anticipate upcoming situations and proactively ini-
tiate an appropriate reaction in advance. For the introductory example this implies that
when noticing upcoming demanding situations (e.g. a construction site), the driver will
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react beforehand by down-regulating the secondary task’s performance targets
(i.e. stopping the conversation).

If and to what extent the functional situation management is used in particular
situations is – to our best knowledge - not sufficiently investigated. However, everyday
examples, as described in the introduction section, show how essential a functional
situation management could be. Especially, in order to facilitate a safe driving per-
formance even under most demanding circumstances. It can be assumed that in most
situations a combination of different coping strategies takes place in order to maintain a
certain level of driving performance.

3 Empirical Findings

To substantiate the developed framework and to show the existence of the above
explicated three different paths of the functional situation management – i.e. adapta-
tions in the situational factors (both, driving and secondary tasks), adaptations in the
operator factors (e.g. driver’s effort) or anticipation of target values – it is indispensible
to provide empirical evidence in the first place.

3.1 Evidence from Relevant Literature

In the present chapter relevant literature is being reviewed in order to provide and to
discuss evidence for the mechanisms in the proposed framework.

Concerning the first path, behavioral adaptations in to be processed tasks, ample
evidence exists. There are several studies showing an adaptation of driving speed as a
function of increasing demands in driving scenarios [17–19]. Another study shows
adaptational behavior in the number of performed lane changes as a function of
increased demands in driving scenarios [20].

Fig. 1. Illustration of the proposed working framework explaining driver functional situation
management
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Next to these adaptations in the driving task, further studies show that adaptations
in secondary tasks are possible as well. As such, Rauch, Gradenegger & Krüger [21]
could show that the chance to start a new secondary task while driving is dependent on
the perceived criticality of a driving situation. Furthermore, driving simulator studies
by Platten, Milicic, Schwalm and Krems [22] showed that drivers adapt their activity in
secondary tasks (list usage in a head up display) as soon as they approach a critical
situation (a crash site). Not before having passed the critical situation drivers resume
their secondary task behavior. Platten, Schwalm and Krems, [23] found a moderator
effect of secondary tasks on these adaptations, dependent on the task´s nature. These
results provide evidence that the postulated supervisory controller in fact weighs out
and tries to relate the expected consequences of different actions in order to identify the
optimal countermeasures.

As an indication of a direct functional relationship between a deliberate workload
reduction and an adaptation of secondary task performance studies by Schwalm,
Keinath and Zimmer [24] as well as Schwalm [25] provide appropriate evidence. Here,
the Lane Change Task [26] and the Surrogate Reference Task [27] as an additional
visual-motor secondary task were used. During simultaneous processing of both tasks it
became obvious that prior to a critical driving situation (sign-induced lane changes) the
resulting workload – assessed via a physiological method (pupillometry) – was reduced
ad hoc by interrupting secondary task processing.

As a proof for the second path of the framework, the active decision of the
supervisory controller to invest less or more effort in a particular task, the work of
Cnossen, Meijman and Rothengatter [28] can be seen. They postulated that the rele-
vance of a secondary task to the driving task determines the amount of invested effort
for the secondary task. It could be shown that the amount of resources invested for a
secondary task with low relevance to the driving situation (such as mathematical tasks)
is minor compared to the amount of resources required for driving relevant tasks
(driving navigation task).

Summarizing, by describing a driver’s active role while coping with demanding
situations, the above mentioned empirical studies can be interpreted as a first step
towards empirical evidence for the proposed framework. However, one important path
of the framework, namely the formulation of target values (path 3 in Fig. 1), is
unexplored so far. Overall, the main assumption is that drivers anticipate a particular
target in their driving performance and adapt the targets of secondary tasks (anticipated
to be of lower relevance) to that target. This question was addressed in an own
empirical study described below.

3.2 Own Recent Study

Besides the two proposed paths of the framework, another alternative of functional
situation management – the third possible path – is to be discussed. It postulates that
drivers set target values in their driving performance and adapt their secondary task
targets accordingly. In order to investigate this approach an empirical study consisting
of two parts was conducted. In the first part the target in the driving performance was
identified. In the subsequent second part was investigated if and how drivers react to
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potential violations of these driving targets in multi-tasking situations. Given the
existence of a supervisory controller, we hypothesize that drivers reduce secondary task
processing, if an anticipated target value in the driving task, i.e. a minimum driving
performance, is not met.

Experimental Part 1.
N = 26 (n = 9 female; M = 25 years; Range = 20 years – 39 years; SD = 3.7) non-paid
participants (students and employees) took part in the experiment. The experiment was
conducted in the laboratories of the Institute for Automotive Engineering (ika) of the
RWTH Aachen University.

Participants were shown eleven video sequences of a driving simulation, which
they had to rate according to their subjectively perceived sufficiency of lane keeping.
The manipulated independent variable was the underlying mean lane deviation
(M Dev) of the driving performance in the videos. For a better comparability and to
guarantee natural driving situations, the standard deviation of the steering angle was
held constant. The dependent measure was the subjective rating (sufficiency of lane
keeping). As driving simulation, a simplified version of the Lane Change Task (LCT)
[26], in which lane changes were not required, was used. Participants were seated in
front of a computer screen on which the videos were presented. Hands had to be placed
on a steering wheel, feet on pedals.

It was assumed that driving performance can be categorized as appropriate and
sufficient, if the probability for a positive rating, i.e. a rating as “sufficient”, is higher
than 0.5. For this purpose, a logistic regression over all video sequences was carried
out. The analysis revealed that a probability of 0.5 is reached with a M Dev of 0.7.
Consequently, this value can be understood as the minimum target in the driving
performance, which drivers felt comfortable with in the tested situation.

Experimental Part 2.
To prove the hypothesis of drivers’ strategic behavior via target value regulation, the
same N = 26 participants took part in the subsequent second experiment. They ran
through several conditions while working on a simple driving simulator task – the LCT
without lane changes. Additionally, participants had to perform several secondary tasks
(STs): (A) the Surrogate Reference Task (SuRT) as a visual-motor search task [27],
(B) a simple Counting Task (counting backwards in steps of two) and C) the tactile
Detection Response Task (tDRT) [29]. Again, the driving simulation was displayed on
a computer screen and steered via a force feedback steering wheel with participants
seated in front of the computer screen. The additional secondary tasks were displayed,
if necessary, on a laptop on the right hand side (Fig. 2).

Next to baselines for each task two experimental conditions were implemented:
Driving combined with SuRT and driving in combination with all three tasks (STs). As
such the independent variable was the number of additional tasks next to the mere
driving task. Dependent measures were the M Dev in the LCT and inputs SuRT.
Analyses of main effects via a repeated-measures ANOVA per task (ANOVA LCT
with the factor ‘number of tasks’, factor levels: LCT, LCT + SuRT, LCT + 3STs;
ANOVA SuRT with the factor ‘number of tasks’, factor levels: SuRT, LCT + SuRT,
LCT + 3STs) reveal that if additional secondary tasks are presented, the mean lane
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deviation increases and activity in the secondary tasks, e.g. in the SuRT, is reduced
compared to the baselines (see Fig. 3).

In a subsequent continuous analysis, effects on secondary task activity (in the
SuRT) when the driving performance overrides/undercuts the beforehand set target
value of 0.7 M Dev, were assessed. It could be shown that drivers reduce secondary
task processing when they rate the target value in the driving performance to be
inappropriate. Not before the target value is proved to be re-reached, secondary task
activities are being resumed.

In a nutshell, the study described above provides supporting evidence that drivers
might continuously rate their own driving performance, compare it with a target value
and dynamically adapt their behavior in non-driving related tasks accordingly. This
behavior constitutes the framework’s third path of functional situation management in
order to maintain a sufficient performance level in the primary (driving) task.

Fig. 2. Experimental set-up

Fig. 3. Main effects of a repeated-measure ANOVA per task for the LCT M Dev and SuRT
Inputs. Left axis: LCT M Dev, right axis: SuRT inputs; *: p < .05, **: p < .01
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4 Discussion and Outlook

In the present paper a theoretical framework based on existing elaborated models was
developed and extended. The main target was to explain functional situation man-
agement of drivers with respect to coping strategies in demanding driving situations.
The initial idea consisted of focusing on drivers as active individuals who iteratively
monitor their workload as well as driving and secondary task performance. In order to
meet anticipated individual target performances – according to the framework – drivers
are assumed to initiate appropriate regulatory actions that follow the proposed mech-
anisms of the functional situation management.

The framework describes three paths of response behavior to increased situational
demands. First, the driver might decide to adjust certain situational factors in order to
reduce the resulting task load of a given situation. As a consequence the driving speed
could be lowered or the processing of a secondary task could be completely interrupted.
Second, drivers might be able to adjust certain operator factors, like choosing to put
more effort on the processing of a specific task. Third, drivers might have the option to
respond to increased demands by adjusting the targets appropriately. That is, drivers
might accept a higher level of workload, a lower level of driving performance or a
lower secondary task performance. The decision, which strategic adaptation is finally
being applied, is supposed to be highly dependent on situational as well as individual
factors.

However, as a restriction, it has to be outlined that the present framework does not
claim to be exhaustive. That is, it neither includes all relevant processes nor does the
framework explain all possible effects in demanding driving situations. In other words,
the supervisory controller is proposed to be a processing unit with – up to now –

unspecific and undefined properties and can hence be seen as a black box in its genuine
psychological sense. Furthermore, assuming that the supervisory controller might –
under restricted conditions – guarantee a safe driving environment, it still remains a fact
that accidents occur. Therefore, important questions to be addressed in further studies
are as follows: How do system errors arise? Where does erroneous information leading
to a misjudgment and consequently to an accident originate from?

Despite those questions left open and the mentioned limitations, the proposed
framework can help to understand and to discuss how functional situation management
might work.

Finally bridging the gap to applied engineering, there is one highly interesting
question arising in the context of the present paper: How could the cognitive mecha-
nism ‘functional situation management’ be supported by technical systems? One
possible vision could be to implement a technical system supporting users in choosing
an appropriate functional situation management. This system should be able to learn
from users’ (drivers´) preferences to reduce driving speed when being involved in other
tasks such as talking on the phone. An integration of technical regulatory processes is
supposed to lead to a heightened feeling of support through a technical system. This in
turn might result in an increased overall user-sided acceptance of a system.

The theories integrated in the present framework originate from application areas
other than driving, e.g. air traffic control. It needs to be investigated and further discussed
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whether and if yes, towhat extent the idea of supporting the user in his natural possibilities
could be (re)transferred to e.g. air traffic control as well as other areas of HMI. These
might be the field of aviation, supervising complex technical systems, sports etc. Taken
together the present framework provides a novel approach in HMI development that is
explicitly based on supporting human natural skills instead of just preventing humans
from making mistakes.
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