THE RELATIONSHIP BETWEEN DRIVER DISTRACTION
AND MENTAL WORKLOAD

T.W. Schaap®”, A.R.A van der Horst?, B. van Arem®, K.A. Brookhuis*
1*. University of Twente, Centre for Transport Studies, Research Centre AIDA;
P.O. Box 217, 7500 AE Enschede, The Netherlands; +31534894361; T.W.Schaap@UTwente.nl
2. TNO Defence, Security and Safety, BU Human Factors, Soesterberg, The Netherlands
3. Delft University of Technology, Civil Engineering and Geosciences, Transport & Planning, Delft,
The Netherlands;
4. Delft University of Technology, Faculty of Technology, Policy & Management, Delft, The
Netherlands; University of Groningen, Faculty of Behavioural and Social Sciences, Groningen, The
Netherlands

ABSTRACT

Driver distraction is caused by a competing activity and leads to unsafe driving. Mental
workload changes with task demands and influences performance. Though distraction and
mental workload are strongly related, they are not the same. Performance motivation and task
engagement influence performance and consequently distraction but not workload;
environment complexity and driver state influence mental workload but not distraction.
Although distraction can be manifested in directly observable unsafe driving, readiness to
respond and event detection are also important aspects of driving performance. The Peripheral
Detection Task, used for workload assessment, can be used for assessing this latent form of
distraction.
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INTRODUCTION

Driver distraction is a research topic that has been in the spotlight for many years, because of
its impact on traffic safety conflicts. The American National Highway Traffic Safety
Administration (NHTSA) has estimated that in approximately 25-30% of traffic accidents,
driver distraction is a contributing factor [1]. Driver distraction manifests itself in many ways,
such as eating and drinking, tuning the radio, engaging in a conversation with a passenger or
through a mobile phone, entering a destination in a navigation system or dialling a telephone
number [2].

The strong increase in mobile phone use while driving has served as a catalyst to driver
distraction research, and with good reason. Epidemiological studies showed that the
likelihood of being involved in a conflict or accident while using a mobile telephone was four
times as high compared to not using a mobile telephone [3,4]. The Dutch Institute for Road
Safety Research SWOV calculated that in 2004 nearly 600 victims of traffic accidents could
have been saved if mobile phone use while driving were banned, i.e. approximately 8% of all
registered hospitalized and fatally injured in the Netherlands [5]. Furthermore, some studies
show that mobile phone users wear their seatbelts significantly less than other drivers, leading
to an increase in the seriousness of injuries as a consequence of traffic accidents (e.g., [6]).

Whereas these numbers focus merely on the risks of mobile phone use, driver distraction in
the broader sense presents a general risk for traffic safety. The driving task is complex and
demanding in terms of visual and cognitive attention. Without focused attention on the
primary task, drivers are at risk of responding more slowly or less appropriately to complex or
changing situations that require their full attention (e.g., [7, 8, 9, 10]). Furthermore, drivers
have difficulty assessing their own driving performance, especially while performing highly
engaging distracting tasks [11]. Finally, even though many distracting tasks within the
vehicle, such as dialling or eating, are initiated by drivers themselves, they do not strategically
postpone these distractions [12]. This all provides good reason for studying the effects of and
mitigation strategies for distraction while driving.

The challenge of studying distraction is that it is not easily measured. A certain degree of
distraction may lead to a decrease in driver performance. However, this decrease does not
always materialize, as the driver may be able to cope with doing multiple tasks
simultaneously in the current driving situation. This paper aims to overcome this limitation by
using a related concept: mental workload. We will explore the similarities and differences of
both terms and analyze to what extent studies on driver distraction can benefit from the
assessment methods that are used in mental workload research.

PREVIOUS STUDIES INTO DRIVER DISTRACTION

Many studies into the causes of driver distraction, its effects on driver performance, and
strategies for reduction or mitigation of these effects have already been conducted (for an
overview of recent studies, see [13]). In most of these studies, participants were asked to
perform a secondary task while driving, to study the effects of distraction on driver
performance. The driving task may, for instance, be combined with simultaneous use of a
mobile phone, either hands-free or handheld, for a simulated conversation. For example, in
one driving simulator study in which participants drove a 30 kilometre section of motorway in
normal traffic, a lead car suddenly decelerated [7]. Participants drove in three conditions, i.e.



while keeping their visual attention focused on the car in front (baseline condition), while
performing a visually loading task using a numeric keypad, or while performing a cognitively
loading task representing engaging in a conversation over a mobile phone. Driver
performance, as measured by time-to-collision and brake reaction time, was impaired in both
the visual-distraction condition and the cognitive distraction condition [7]. In another study
into the effects of mobile phone use [14], the effects of carrying out secondary tasks of
varying cognitive complexity on drivers’ visual behaviour and subjective perception of safety
and mental workload were studied. The secondary tasks were communicated to the
participants through a hands-free mobile telephone. Participants drove an instrumented car in
a baseline condition (no secondary task), in a low cognitive distraction condition (while
completing easy addition problems), and in a high cognitive distraction condition (while
solving more complex arithmetic problems). This study reveals that drivers made significantly
less high-speed saccadic eye movements and spent less time looking to the right periphery for
impending hazards with increasing complexity of the secondary tasks. Drivers also spent less
time checking their mirrors and instruments. Finally, with the difficulty of the secondary
tasks, drivers’ subjective rating of workload and distraction increased [14].

In another study, the effects of two surrogate in-vehicle information systems (S-1VIS) on
driver behaviour in an urban environment were investigated [10]. The interaction with other
vehicles was studied when using a visual S-1VIS (visually distracting) and an auditory S-1VIS
(cognitively distracting). Results showed that drivers interacted with other vehicles less
appropriately and that the interaction with vulnerable road users also suffered due to increased
intersection approach speed. This speed increase was more frequent with the cognitively
distracting S-1VIS than with the visually distracting task [10].

Finally, a recent simulator experiment [15] was conducted to determine the effects of iPod™
use and practice on driving performance during safety-critical situations. It was found that
perception-response times and number of collisions increased during performance of the
difficult secondary task, which was searching for a particular song in the iPod™ menu. Safe
driving performance increased with practice, although it remained negatively affected relative
to the baseline condition [15].

DRIVER DISTRACTION: THEORY AND DEFINITION

When studying a complex concept such as driver distraction, stemming from many sources
and manifesting itself in many forms, uniformity in definitions is an important constraint for
clear and unambiguous research results. Driver distraction is a subset of driver inattention, a
situation in which the primary driving task is performed without complete, focused attention
on that driving task. Whereas inattention can also occur without a distracter just by no longer
paying attention, distraction is related to something (a task, object or person) that draws away
the attention that is needed to perform the driving task adequately.

Unfortunately, the research community has not until this point shown consensus on the
precise definition of driver distraction. The definitions used so far vary from “Diversion of
attention from the driving task that is compelled by an activity or event inside the vehicle”
[16], which is completely confined to the cause of the distraction inside the vehicle, to “A
disturbance imposed within a lateral or longitudinal control vehicle loop” [17], focusing on
the possible effects on vehicle control. A rather extensive overview of definitions of driver
distraction recently used in human factors research is given in [18]. This overview shows the



large variation between definitions, and how long the research community has already been
searching for a uniform definition of the construct. This variation in theoretical definitions
leads to difficulties in the uniform operationalization of the construct of distraction. Is
distraction determined by the sole presence of a task, object or event that does not directly
contribute to adequate driving, by the decrease in attention to the driving task, or by reduced
performance on the primary driving task? The answer to such questions is needed to
operationalize the concept of distraction, which in turn is the key to comparing the different
studies and their results on this subject.

Defining distraction in a broad way creates a complete definition that is difficult to
operationalize, whereas a definition which incorporates strictly defined behavioural effects is
on the one hand very clear for all, but may on the other hand fail to capture important aspects
of distraction [18]. The definition that is proposed in [18], based on an overview of definitions
is the following:

“Driver distraction is a diversion of attention away from activities critical for safe driving
toward a competing activity”.

This definition makes clear that safe driving performance deteriorates when the driver is
distracted. Attention that is crucial for driving safely is diverted away by a distracting task,
leaving too few resources available for adequate performance in the primary driving task.

The measurable effect of driver distraction is a decrease in driving performance. The most
commonly used measures for driver distraction are longitudinal control (speed and headway
measures), lateral control (time-to-line crossing and SD lateral position), event detection and
gap acceptance performance [19]. These measures may indicate that the driving performance
deteriorates. Particularly if a negative effect is seen on more than one of the above measures
during the performance of a secondary task, it can be concluded that driving performance
deteriorates due to distraction.

However, safe driving can not always be determined solely on the basis of directly observable
measures. Driving safely also requires that the driver is ready to respond adequately to
possible upcoming safety-critical situations, and distraction can affect this readiness. If this is
the case, and a driver is in such a (distracted) state that his readiness to respond to an
upcoming hazard is negatively affected, this form of decreased performance does not show in
measures of operational driving behaviour when the complexity of the driving environment is
low. However, it can be argued that the driver is no longer driving optimally. Looked at it in
this way, the presence of a secondary task can lead to three possible situations, each with a
different effect on driving performance. Below, these situations will be briefly described and
it will be determined whether and how distraction can be measured.

i.  No distraction
The presence of a secondary task does not distract the driver from driving safely per se. The
driver can choose to give full priority to the primary driving task without letting the secondary
task affect the level of driver performance. Although this may lead to poor performance on
the secondary task, distraction from the primary driving task does not occur. Even in safety-
critical situations, the driver will be able to respond appropriately and in a safe manner.

ii.  Manifest distraction



In the second situation the presence of a secondary task leads to such distraction that a
measurable decrease in driver performance can be observed directly. The driver makes sub-
optimal decisions and the number of conflicts increases. In this situation, distraction can be
assessed directly through measuring its impact on driving behaviour in terms of operational
driving tasks and conflict measures. By looking at conflict situations, defined as “observable
situations in which two or more road-users approach each other in time and space to such an
extent that there is a risk of collision if their movements remain unchanged” [20], a statement
can be made about the likelihood of an accident. The seriousness of a conflict can be
determined by surrogate safety measures [21, 22]. Two key surrogate safety measures are the
Time-To-Collision (TTC), and Post-Encroachment-Time (PET) [21]. PET is defined as the
time that elapses between the moment that the first vehicle leaves the (future) path of the
second vehicle and the moment that the second vehicle reaches the path of the first vehicle -
no collision course is necessary [21].

iii.  Latent distraction

In the third situation, directly observable measures of driving performance such as operational
driving measures or conflict measures seem to indicate safe driving in the presence of a
secondary task. However, this does not definitively establish that the driver is not distracted.
After all, driving safely does not simply mean that the driver is not in an unsafe situation, but
also that he can adequately respond to upcoming safety-critical situations in his current state.
In a situation with latent distraction, a driver can manage the current situation, but at the limit
of his/ her capacity, and would therefore struggle to respond to a suddenly upcoming safety-
critical situation. While distraction can therefore indeed be present, the current assessment
methods are unable to establish or measure it. It would be useful to identify a way of
predicting whether a driver is affected by this form of distraction. In this paper we aim to find
alternative assessment methods for this situation.

A concept strongly related to driver distraction is mental workload. Increased mental
workload is also often used as a direct indication of distraction [19], but we will show that this
practice is not always correct. Mental workload is not the same as driver distraction, but the
concepts are similar in the way that a secondary task and the way in which task demands and
task goals are dealt with play an important role. That is why certain measures of mental
workload may have value in indicating distraction.

MENTAL WORKLOAD

De Waard [23] conducted extensive research into the concept of mental workload and the
measures that can be used for its assessment. He distinguishes between task demands, task
complexity, task difficulty, and mental workload. Task demands are determined by the end
goal of the task. Task complexity is related to a number of stages that have to be completed in
order to successfully attain the end goal. Finally, task difficulty deals with the ability of the
operator to execute the task, depending on the state of the operator. While in normal
circumstances it might be easy for a driver to cover a certain stretch of road, it may be more
difficult to accomplish the same level of performance on the same route after a late night

party.

He defines mental workload as follows:



“Mental workload is the specification of the amount of information processing capacity that
is used for task performance” [23]

De Waard shows that mental workload depends on a number of circumstances and can vary
between individuals and over time, and he describes the effects of task demands on mental
workload [23].

Figure 1 depicts the model of the overall relationship between workload, task demand, and
performance, as presented in [23].
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Figure 1 - Workload and performance in 6 regions (after [23])

The workload-performance relation has been separated into 6 regions, each with its own
characteristics. In the three A-regions (A1, A2 and A3), the demands of the task are at a level
that allows the operator to achieve a high level of performance. In the A2-region, demand and
workload are optimal, and performance can easily reach the desired level. In Al, performance
remains adequate, but the operator has to exert state-related effort (i.e., computational effort
through controlled information processing) to keep performance high; in A3, the invested
effort invested is task-related (i.e., compensatory effort). In the regions B, C and D, the
operator is affected by the level of demand, leading to suboptimal performance. In region B,
demand and workload are at a level that task-related effort no longer increases performance,
and performance declines. Region C depicts overload of the operator, leading to a low
performance level. In region D (D for de-activation), the lack of task demand coincides with a
high workload level that the operator cannot cope with, so that performance deteriorates [23].

Since mental workload and distraction are both related to the reaction to the secondary task in
terms of performance, it is useful to explore the options of using a number of mental workload
assessment methods for distraction research.

There are a number of ways in which mental workload can be measured, and some of these
measures might be useful for an indication of distraction effects. The effects of increased
mental workload can differ from one situation to another and from one individual to another.



These differences depend largely on individual strategies and the region of performance
involved, and measurements of the effects are best combined for a valid assessment of mental
workload [23]. Due to either increased task demands or changes in driver state, drivers can
feel a subjective increase in mental workload, can show physiological signs that stem from
increased mental workload, and their task performance can decrease. Also, a decrease in
performance of secondary tasks can occur. By combining the assessment results an overall
indication of mental workload and driver state can be determined.

Primary task performance

Increased mental workload can impair driving performance in certain situations. The
measures which are the most sensitive to increases in mental workload are the Standard
Deviation of Lateral Position (SDLP), and the Standard Deviation of Steering Wheel
Movements (SDSWM) [23].

Compensatory driving behaviour can also be found, and is often seen as a way to reduce the
demands of the driving task. When task demands increase, a decrease in driving speed can be
found [e.g., 24, 25]. However, in a study described in [26], no evidence was found that drivers
adjust their safety margins during tactical driving.

Secondary task performance

Any trade-off between driving performance and secondary task performance depends highly
on the instructions given to the driver and the level of obtrusiveness of the secondary task.
Embedded tasks are considered to be the best secondary tasks for assessment of the mental
workload stemming from a certain driving situation, due to their low primary task intrusion
[23]. Two examples of such embedded tasks are car-following and mirror checking, and an
increase in workload can be determined by a delay in these tasks.

There are however secondary tasks that are not obtrusive and are also not embedded in the
driving task, such as the Peripheral Detection Task (PDT). The PDT is based on the fact that
visual attention narrows as workload increases [27]. Originally, the PDT was applied in a
driving simulator setting with the stimulus presented on the simulator screen. In later studies,
drivers wear a headband with a LED in their peripheral field, so that the LED moves with the
drivers’ head movements [28]. The LED lights up randomly every 3 to 5 seconds. Drivers
also wear a small switch attached to their index finger (Figure 2), which they are instructed to
press every time they notice the LED light. In general, the index finger of the dominant hand
is chosen for this, unless the experimental setup does not allow for this (e.g., with manual
transmission).

The PDT has been shown to be reliable to the demands of the driving task [27] and is also
sensitive to peaks in workload [29], which is important for driving safety research due to
changes in task demands.



Figure 2 - Headband with LED in peripheral vision of participant (left); PDT switch on
left index finger (right)

Subjective measures

Operators can experience their mental workload and give a subjective evaluation. These self-
report measures are questionnaires that were developed to measure workload in human-
computer interaction, but can be used for many interaction tasks as well, such as driving. For
instance, in the NASA Task Load Index (NASA-TLX) questionnaire [30], drivers give a
subjective rating of experienced workload on six rating scales: Mental Demands, Physical
Demands, Temporal Demands, Own Performance, Effort, and Frustration [30]. These multi-
dimensional ratings can be combined to calculate an overall level of perceived mental
workload. Another example of a self-report measure is the RSME, the Rating Scale Mental
Effort [31]. It is a single-dimensional measurement of invested mental effort.

The main disadvantage of self-report measures of mental workload is that they are no
objective measurements [32], although their face validity is high [23]. Also, only an overall
rating of workload over a whole drive can be given without disturbing drivers in their primary
task, so a focus on specific situations is not possible. However, self-report measures give a
clear indication of the level of workload perceived by drivers, and are cheap and easy to
apply. They can therefore be useful to include in almost any workload-related research.

Physiological measures

When an operator experiences an increase in mental workload, the response is also reflected
in physiological measures. For example, operators can have more dilated pupils, start
sweating, and show increased blood pressure, heart rate and heart rate variability. An
important advantage of determining the physiological effects of increased mental workload is
the unobtrusiveness of most of the measurements involved [23]. However, physiological
measurements require complex interpretation of results, and may also reflect emotional strain
and physical activity in addition to mental workload [29]. Heart rate gives an indication of
overall workload, whereas heart rate variability is more useful for determining cognitive,
mental workload [33].

In order to get a reliable assessment of mental workload, it is important to combine different
workload measures, since not all workload measures are sensitive to workload levels in the
same regions [23]. Increased task demands and an increase in complexity of the environment



both have an effect on the self-report scale RSME, and on the physiological measure ECG.
Secondary-task performance, in particular the embedded task of car-following, is also
sensitive to both sources of increased workload. For primary-task measures, this effect is not
the same. While additional tasks lead to a decrease in SDLP and SDSTW, an increase in
complexity of the environment increases both measures. Finally, heart rate variability is
mostly sensitive to an increase in complexity [23].

APPLYING MENTAL WORKLOAD MEASURES TO DRIVER DISTRACTION
RESEARCH

As mentioned above, the measures of workload can be combined into an overall rating of
mental workload. But, would it be possible to use them to measure latent distraction? To do
so, it must be possible to determine how well drivers are performing their task of safe driving,
based on the measures for event detection and readiness to respond to an upcoming hazard.
Below we will evaluate the different workload measures in terms of their ability to assess
latent distraction.

Primary task performance

If the operator drives inadequately when performing a secondary task, distraction is manifest.
This form of distraction can be measured by using the above mentioned conflict measures.
This does, however, not apply for latent distraction since readiness to respond does not
necessarily translate to conflict in a low demand driving environment.

There is a way to unveil latent distraction: when a driver in an experimental setting is led into
a safety-critical situation, driving behaviour can be measured. This way it becomes clear
whether the driver reacts in an adequate, safe manner. But while this is a way to detect
distraction, its practical use is subject to a few conditions. The experimental environment has
to be manipulated and it has to be possible to measure whether the driver’s reaction to the
safety-critical situation is adequate. In a naturalistic driving environment it is very difficult, or
even impossible, and in some cases unethical, to meet these conditions.

Secondary task performance

Secondary task performance is strongly influenced by instructions given and by individual
strategies, and therefore by the motivation of the driver to perform the task at a certain level.
A driver can achieve a high or low score in a secondary task, but that does not say anything
about the driving task. Embedded tasks are in this sense part of the primary driving task and
can therefore not be used to determine driving performance [2].

A special case is the PDT. The PDT is unobtrusive and not part of the primary driving task.
Therefore it is possible to take measurements that have no effect on driving performance, but
do give information about event detection and reaction times.

Several studies have demonstrated that the reaction times of distracted drivers can increase by
up to 30 percent [e.g., 34]. Since hazards often require an immediate response, this is a clear
impairment of the task of safe driving. Since the PDT is constantly in the background, it is



possible to determine the driver’s state for each time frame or for each change in driving
situation. Previous studies also found that distraction leads to less sensitivity for hazards in the
peripheral field and a decrease in amount of time spent checking the vehicle’s instruments and
controls [14]. The PDT measures fail in that case, as do hit rates to a stimulus (related to event
detection) and reaction times (which is in itself an important aspect of driving safely). If event
detection is delayed or events are even completely missed, this poses a serious threat to safe
driving.

Patten and colleagues [9] studied the effects of driving in a low-demand environment while
talking on a mobile telephone. Both conversation type (simple/ complex) and telephone type
(handheld and hands-free) were varied, and PDT reaction times and subjective ratings of
mental workload were recorded. The authors calculated the mean reaction types for each
condition, and the overall percentage increase in reaction time as compared to the baseline
condition. In the simple conversation condition, PDT reaction times increased on average by
12 percent. For the complex conversation, this number increased up to 45 percent. Based on
this relative increase in reaction times, stopping distances were calculated, by converting the
PDT reaction time (in ms) and the respective velocities driven by the participants (in m/s) into
meters used for “travelling while thinking’. These distances were added to baseline braking
and stopping distances to calculate total braking and stopping distances. These distances
represent the best possible scenarios, in the way that they were based on keen perception, best
possible response selection, and optimal response execution [9].

Building on this method, relative decreases in drivers’ readiness to respond can be calculated
from PDT reaction times. In addition to the method used in [9], in which these calculations
were based on a relative increase in PDT reaction times, one could also determine the
seriousness of event detection impairment by taking a closer look at PDT fail and hit rates.
Since PDT stimuli are given every 3 to 5 seconds throughout the whole experiment, a series
of consecutive misses could indicate that the driver’s focus had been narrowed for a longer
period of time. This can be translated to an increased level of deterioration of the driver state.

It should be noted that, when using the PDT, instructions should be clear on the relative
priorities of driving safely and the PDT, since secondary task performance is strongly
influenced by the motivation of the driver [23]. Furthermore, one can only draw conclusions
on relative, rather than absolute increases or decreases in relation to the personal baseline.
However, as increases in reaction times can be translated to an increase in brake reaction
times or stopping distances, a relative decrease in readiness to respond can be deducted from
the PDT.

Subjective measures

As was described before, subjective measures can give an accurate measure of perceived
mental workload. However, for the measurement and prediction of distraction effects, it is
needed that either subjective measures of mental workload can be translated to performance
decrements, or that subjective ratings of distraction are strongly related to actual distraction
effects. Unfortunately, certain studies show otherwise. In order to determine how well-
calibrated drivers are with respect to performance decrements from distracting tasks, a test-
track study was conducted [11]. Drivers completed a series of mental arithmetic tasks on a
hand-held or hands-free cell phone while driving in an instrumented vehicle. Subjective
estimates of performance decrements were compared to actual performance decrements (as
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measured by lane keeping, speed control and brake response time). Drivers’ performance
suffered in all dual-task conditions, and their subjective ratings indeed showed a lower
performance rating for dual-task conditions compared to baseline driving. However, drivers
were generally not well-calibrated to the magnitude of the distraction. These errors did not
stem from overconfidence in safety and skill, since the measures taken for these variables
were not statistically related. In some cases, estimates of distraction were even opposite to the
observed effects (i.e., smaller estimates of distraction corresponded to larger performance
deficits). This was mostly the case in the highest workload conditions [11].

It can be concluded that driver distraction can not be based only on subjective measures, and
that these measures, if used, should always be combined with other (reliable and sensitive)
measures of distraction.

Physiological measures

Physiological measures, such as heart rate or heart rate variability, can give an indication of a
change in mental workload, by showing to what extent the driver is exerting effort into the
driving task. As [23] shows, different types of physiological measures are sensitive to
different regions of task demands. Physiological measures are most sensitive to changes in the
A3 and DB region, indicating an investment in effort and the beginning of a deterioration in
performance. However, a change in physiological measures does not necessarily mean that
driving performance deteriorates. Physiological measures are therefore not suitable for use as
a stand-alone assessment method of driver distraction, and a combination with other
assessment techniques should be made.

MENTAL WORKLOAD AND DISTRACTION

Looking at the similarity between the assessment methods of driver distraction and mental
workload one would be inclined to conclude that they are highly similar. Several studies
actually equate an increase in mental workload to distraction. But this is not necessarily
correct and some reservations would be in order.

Presence of secondary task

Hoedemaeker and colleagues conducted a driving simulator study in which lane width and
maximum speed were varied [35]. No additional task was introduced. Therefore, any effect
seen could only be as a result of the primary driving task and not of any competing activity.
They showed that the percentage of highly frequent steering movements, a measure of effort
exerted and therefore a measure for adequate performance of the primary task, was
significantly higher in the narrowest lane. Furthermore, subjective ratings (BSMI, Dutch
rating scale for mental effort) confirm that driving was experienced to be more strenuous on
narrow lanes and with increasing speed [35]. This is an example of a study in which mental
workload was manipulated and measured, rather than distraction.

Motivation and engagement
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The sole presence of the secondary task may increase task demands, but the motivation of the
drivers to perform well in a certain task can have great influence on the degree to which
drivers “allow’ themselves to be distracted. As De Waard [23] asserts, the instructions that are
given to the driver are of great influence on the execution of the secondary task, and hence
also on the performance of safe driving. Because motivation plays a role in addition to task
demands and workload, it can not be stated that an increase in mental workload directly
translates into driver distraction. After all, distraction, by definition, leads to decreased
driving performance, and that is not necessarily the case.

As it turns out, drivers distinguish between different types of secondary tasks, even without
instructions, and safe driving is a key factor in making this distinction. Cnossen and her
colleagues [36] hypothesized that the nature of the secondary task may be important, and that
secondary tasks serving the driving task (e.g., map reading) could receive higher priority than
other secondary tasks (e.g., tuning the radio). Drivers were asked to perform a working
memory task (irrelevant for driving) and a map reading task (relevant for driving). In high
demand conditions, the irrelevant task was indeed neglected, but map reading resulted in more
swerving, indicating that the subjects looked at the map despite the high task demands.
Apparently, drivers protect high-priority task goals (safe driving) at the cost of lower-priority,
distracting tasks.

A recent meta-analysis of effects of mobile telephone use on driving performance [37]
showed that conversation tasks showed greater costs in driving performance than did
information processing tasks. This may be due to the greater “engagement” associated with
actual conversations [37]. Furthermore, McKnight and McKnight [38] compared concurrent
driving and conversing at two complexity levels. They found that intense conversations were
significantly more distracting than casual conversations. The level of distraction was
measured by the proportion of appropriate responses to situations that required a speed or
direction alteration, such as decelerating lead vehicle. The authors suggest that this significant
difference between the two types of conversations is due to stronger engagement of the
drivers in this complex conversation task [38].

It can be concluded that a driver’s motivation to perform well in a certain task and the related
engagement in a secondary task influences whether or not the driver ‘allows’ him- or herself
to be distracted. The primary task of safe driving can be protected by the driver, and this does
not necessarily have to be connected to a certain level of mental workload.

It should therefore be noted that mental workload and distraction are not the same, and that
manipulating mental workload does not necessarily lead to driver distraction. Therefore it is
of the utmost importance that the distinction between the two concepts is upheld, both in
research question and experimental designs. To this end, it would be very useful to establish
uniformity in definitions of driver distraction, as stated before. This should be a focal point in
further research.

CONCLUSIONS

Mental workload and distraction, although linked when drivers perform secondary tasks while
driving, are two different concepts and should be treated as different phenomena in research
questions and experimental design. Increasing workload in itself is not an indication of
distraction. Mental workload can increase without affecting distraction, for example when a
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driver is motivated to execute the primary driving task correctly and safely. The level of
engagement in a secondary task also plays a key role in the effects on the primary driving
task. Finally, the fact that workload can increase by an increasing complexity of the driving
environment or as a result of changing driver state, also shows that mental workload is
distinct from distraction.

The assessment of distraction should be done using a combination of different measurement
techniques. Adequate or safe driving, a direct indication of distraction when induced by the
presence of a secondary task, can be determined by conflict measures. These measures
represent the number and seriousness of conflicts drivers encounter due to their driving style.
However, although distraction can be manifested in unsafe driving behaviour, unsafe driving
is not the only measure on the basis of which it can be concluded that a driver is distracted. As
driving is full of possible hazards, readiness to respond is also an important aspect of safe
driving. Because it is difficult to measure (latent) distraction when a driver is driving safely
while executing a secondary task or in the presence of a possible distractor, using a
combination of multiple measures is strongly advised. Certain measures of mental workload
can be used as an indication of the level of performance in a situation that is more complex
and unexpected. The Peripheral Detection Task (PDT) is a promising measure for readiness to
respond and event detection, provided that it is being interpreted correctly. Further research
should focus on studying these possibilities in more depth, as well as on reaching uniformity
in both definition and operationalization of driver distraction.
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