
 

 

Abstract: Performing additional tasks while 
driving distracts the driver and imposes additional 
cognitive load. Driver’s cognitive distraction is a 
less known and explored form of distraction 
because it is not as obvious as visual or manual 
distraction. Assessing cognitive load is also quite 
demanding, especially in a dynamic environment 
such as operating a vehicle. In this paper, we 
review possible methods and their characteristics 
for the assessment of cognitive load. According to 
the type of data and the way it is collected, they 
can be divided into three groups: methods for 
subjective assessment, methods for indirect 
assessment, and methods based on psycho-
physiological and neurological measures. 
Subjective assessment is considered as the 
easiest to implement; however, self-reported 
scores do not always give reliable results. Indirect 
assessment methods, on the other hand, observe 
task performance of an additional secondary task 
while driving, since research studies have shown it 
is highly correlated with changes in cognitive load. 
Secondary tasks, however, impose additional 
distractions, therefore, for safety, these methods 
should be performed primarily in simulated 
environments. The last group of methods uses 
driver’s physiological and neurological signals as 
a reflection of changes in cognitive load. These 
signals provide most reliable data for changes in 
cognitive load, but only when collected properly. 
Reliable data collection is possible mainly by using 
expensive, high-end equipment, which 
consequently makes these methods less widely 
assessable. 

  
Index Terms: cognitive load, driving, human-

computer interaction, distraction, injury 
prevention.  
 

1. INTRODUCTION 

uman-computer interaction (HCI) or human-
machine interaction (HMI) is a research field 

that explores possible ways of information 
exchange and interaction between a human and 
different types of machines. The interaction can 
be made using one or more, single or multimodal, 
senses (human) or sensors (computer or a  
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machine). Multimodal interaction includes 
simultaneous use of a greater number of input-
output devices and communication channels, and 
it occurs when the user has to perform more 
tasks simultaneously.  

The usability of In-vehicle Information Systems 
(IVIS) is defined by their input and output 
components which compose the user interface. 
Most of today’s IVIS are multimodal and present 
information in more than one form: visual, audio 
or even tactile, and can be operated manually or 
auditory (voice control). Multimodal in-vehicle 
interaction has become a necessity with the 
current lifestyle of multitasking and busy 
schedules, as a lot of work is done on the go, 
including in the car. However, driving is a 
dynamic task and requires constant attention and 
processing of surrounding information by the 
driver. Therefore, performing additional tasks can 
distract the driver from the primary task of driving 
and can impose additional cognitive load. In fact, 
using IVIS and different mobile devices while 
driving is one of the most common reasons for 
vehicle accidents among both novice and 
experienced drivers [1].  

In order to preserve driver safety while using 
IVIS and keep or even increase the amount of 
information it presents to the driver, it is important 
to search for new innovative ways of in-vehicle 
human-computer interaction and, at the same 
time, develop reliable methods for assessment of 
driver distraction caused by these systems. 
Driver distraction is defined as anything that 
distracts the driver from his/hers primary task of 
driving, and can be found in three forms [2]: 

 visual distraction (eyes off the road), 
 manual distraction (hands off the wheel), 

and 
 cognitive distraction (mind off the road). 

 
1.1 Visual Distraction 
 

Visual distraction or eyes off the road is any 
type of HMI interaction that requires driver’s 
visual attention and diverts his/her visual focus 
away from the road. This kind of distraction is 
caused by IVIS that present information visually. 
Typical visual distraction is caused when the 
driver is presented with information such as, for 
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example, temperature levels of the inside or 
outside of the vehicle, road layout on the display 
of a navigation system, technical details of the 
operation vehicle in image or text, or even short 
messages, emails and written news (Figure 1). 

  

 
Figure 1: Example of visual-manual IVIS where information is 

presented visually and input information is communicated 
manually [3]. 

 
Visual representation of information is widely 

used, as the visual perception channel can 
perceive the greatest amount of information at a 
time, compared to other perception channels. 
Most vehicles still present information on displays 
placed on the dashboard (head-down displays) 
and under the driver’s visual field, which is 
otherwise focused on the road. In order to reduce 
the eyes-off-the-road effect, new innovative ways 
of information presentation have been 
introduced. One of them is the introduction of 
head-up displays, which project visual 
information to the driver’s visual field (i.e., above 
the steering wheel) and allow his/her eyes to be 
focused on the road. Typically, they use the 
vehicle’s windshield for projection of information, 
while some even project information virtually on 
the road, preventing not only the change of visual 
field but also the change of driver’s visual focus 
(Figure 2) [4], [5], [6][7][8]. 

 

 
Figure 2: Head-up displays that project information on the 

road [9]. 

 
Visual distraction can be avoided by using 

audio IVIS, where information is offered auditorily 
instead of visually. Studies have shown that 
audio displays represent a safe way of in-vehicle 

information presentation [10], [11], [12], [13], [14]. 
 

1.2 Manual Distraction 
 

Manual distraction is a type of interaction that 
requires the driver to let go one or both hands off 
the steering wheel. This kind of distraction is 
caused by IVIS that require manual input, as they 
are operated by hand gestures. Typical manual 
distractions are caused when the driver enters 
information/commands into IVIS, for example 
tuning the radio, turning on heating or cooling, 
entering address information into a navigation 
system, or even sending short messages. A great 
step toward the reduction of manual distraction 
was made when the input parts of the IVIS were 
separated from the information presentation part, 
and placed on the steering wheel. In most 
modern vehicles, drivers can operate almost all 
of the IVIS functions from the input buttons on the 
steering wheel [15], [16]. Change of modality is 
also possible in order to avoid manual distraction. 
Voice operated systems have also been 
introduced in vehicles and shown to be safer and 
well accepted among drivers [13][14]. 
 
1.3 Cognitive Distraction 
 

Cognitive distraction or mind off the road is the 
most complex distraction as it distracts driver’s 
thoughts from the happening on the road and 
operating the vehicle. Unlike the previous two 
distractions, cognitive distraction is caused by the 
content of the information and not from the way 
information is presented (visual, tactile or 
auditory). Cognitive distraction describes the 
mental state of the driver rather than the actions 
he/she performs. It takes place when the driver’s 
thoughts are not “on the road” but are occupied 
with the processing of information irrelevant for 
operating the vehicle (for example, conversation 
on the telephone or reading an e-mail). 

Cognitive load is defined as a multidimensional 
concept that represents the load a particular task 
imposes on the operator of the task [17]. The 
multidimensional concept consists of factors that 
affect cognitive load, and factors that are affected 
by cognitive load (factors that are being 
assessed). Casual factors represent tasks and 
subjects, their characteristics, environment and 
the interactions between them. Factors that are 
assessed are mental load, mental effort, and 
performance. Mental load is load imposed by the 
task; mental effort is the amount of effort that the 
subject allocates to solving the task; and 
performance describes the success rate of 
completing the task.    

Cognitive load theory suggests that human 
cognitive processing skills are limited [18]. 
Therefore, it recommends the use of instructional 



 

methods that effectively stimulate people to use 
their already acquired knowledge and skills 
(stored in their long-term memory, which has a 
greater capacity) for solving and dealing with new 
situations and information (in their sensory and 
short-term memories, which have less capacity). 
This theory can also be used when designing 
new IVIS in order that input and output 
information is communicated in a way that it is 
less cognitively demanding. Furthermore, it can 
be used to stimulate the use of long-term 
memory knowledge to process information in the 
short-term working memory.  

In order to design less cognitively demanding 
IVIS, we must know how to estimate the amount 
of cognitive load that different types of tasks 
impose on the driver. In this paper, we present 
methods that have been proven to be sensitive to 
changes in cognitive load and could be used for 
assessing drivers’ cognitive load. 

2. COGNITIVE LOAD ASSESSMENT 

Performing one or more highly cognitively 
demanding tasks simultaneously can cause 
cognitive overload. Attention wise, different tasks 
can use different attention resources or share 
them. Attention is defined as concentration on a 
specific source of information [19]. If several 
tasks performed simultaneously rely on the same 
attentional resource, they usually interfere with 
each other and compete for that resource. In 
such cases, humans use selective attention and 
concentrate only on one or a few tasks they 
consider most important at that given time. While 
high attention load can eliminate (with selective 
attention) the processing of less important tasks, 
high cognitive load increases the processing of 
irrelevant tasks as well [20] & [21]. For example, 
we can find and track our friend in a group of 
runners in a marathon, but cannot read and 
comprehend a complex research work at a rock 
concert.  

In many daily situations not being able to 
process all of the perceived information at a time 
can go unnoticed, however when driving this can 
have serious consequences. In case of cognitive 
overload, the driver cannot consciously prioritize 
to perform only driving related tasks and ignore 
less important tasks such as operating a mobile 
device. It is therefore extremely important to be 
able to assess driver’s cognitive load, especially 
the part imposed by the use of IVIS. This 
information can be later used for IVIS design that 
optimizes the use of short-term memory and can 
avoid causing driver’s cognitive overload. When 
assessing driver’s cognitive load, it is also very 
important to choose an appropriate and efficient 
method that takes into consideration the 
dynamics of the vehicle as testing environment 
and the characteristics of IVIS. 

There are more than one possible ways to 
access driver’s cognitive load. Most methods can 
be characterized in one of these three groups: 

 methods for subjective assessment,  
 methods for indirect assessment, and 
 methods based on psycho-

physiological and neurological 
measures. 

3. SUBJECTIVE ASSESSMENT  

Cognitive load can be assessed with self-
evaluation questionnaires, where users report on 
the level of cognitive load they have experienced 
while performing a task or operating a system.  

 
NASA Task Load (NASA TLX) is the most 

commonly used questionnaire for assessing 
cognitive effort when studying human-machine 
interaction. It is a multi-dimensional rating 
questionnaire (Figure 3) based on a weighted 
average of ratings of six different parameters 
(mental, physical and temporal demands, own 
performance, effort and frustration), which give 
an overall workload score [22]. It has been used 
in various research HMI fields, and has been 
shown to be efficient for assessing driver’s 
cognitive load when interacting with new IVIS or 
touch screens [11] & [23]. This method consists 
of two parts. In the first part, participants rate 
each of the parameters based on how much they 
were present and important for the observed task 
(scores from 0 to 20, where 20 stands for most 
difficult). In the second part, estimations of 
weights are performed by comparing the 
parameters pair-wise, resulting in 15 
comparisons. Whenever one parameter is 
selected as more important, its counter is 
increased by 1. The weight of each parameter is 
from 0 to 5, where 5 stands for most important. 
The overall workload is then calculated by 
summing the products of ratings and 
corresponding weights. Additionally, the sum is 
divided by 15 (15 paired weights comparisons) to 
normalize the final score. The overall workload is 
then calculated by summing the products of 
ratings and corresponding weights. 

Although NASA TLX can be used for assessing 
driver’s cognitive load, some of the subscales 
can be sometimes misunderstood or cannot be 
related to the evaluated task or system (for 
example, physical effort for evaluating audio-
vocal IVIS). This was also recognized by Pauzié, 
who modified the NASA TLX and created an 
adapted version for driving – the Driving Activity 
Load Index (DALI) [24]. This method also 
evaluates six parameters which enable 
evaluation of driver related tasks and systems: 
attention, interface, situational stress, and visual, 
auditory and temporal demand. 



 

 
Figure 3: Part 1 of the NASA TLX questionnaire [22]. 

 
Research has shown that it is also possible to 

efficiently and unobtrusively access cognitive 
load by using single parameter questionnaires 
(for example, mental workload or task success 
rate [25]) with the use of 7- or 9-point Likert 
scales [26].  

Although data collection with the use of self-
evaluation questionnaires is relatively simple, it is 
not always reliable. The biggest disadvantage of 
questionnaires is the fact that they are filled in 
after a task has been completed. Because of this 
sequence of events, especially with longer tasks 
or shorter consecutive tasks, the answers in the 
questionnaire can be highly influenced by the last 
performed task and can reflect only that particular 
part and not the whole task. Another 
inconvenience of questionnaire tests is data 
processing and analysis. It is hard to compare 
absolute workload ratings because the maximum 
level of workload is not the same for every 
person. Therefore, the same rated score does 
not represent the same effort for two different 
people. Moreover, questionnaire answers can be 
influenced by people’s expectations – test users 
often write down answers they think the 
experimenter is expecting them to write, which 
additionally reduces the reliability of the results.  

4. INDIRECT ASSESSMENT 

Due to the complexity of direct measurement of 
cognitive load, especially in a driving 
environment, indirect methods have been 
developed instead. For indirect methods, task 
performance of an additional secondary task, 
while driving is considered as an indicator of 
changes in cognitive load as research studies 
have shown that secondary task performance is 
highly correlated with changes in cognitive load. 

 
One such method is the lane change test, 

presented in Figure 4 [27]. 
 

 
Figure 4: Example of a test track double lane change 

maneuver [27]. 

 
It is characterized by relatively simple 
implementation in different driving environments 
and by easy processing of the acquired data [28]. 
Driver’s secondary task in this method is to 
change the lane in line with the indication of the 
road signs. Lane deviation, steering angle and 
percent of correct lane changes are considered 
as indicators of changes in cognitive load. The 
instructions for lane change are presented 
visually, which can influence the results when 
evaluating the level of cognitive load imposed by 
visual IVIS. However, an evaluation of how 
different tasks impact lane change results has 
shown that visual distractions affect path control, 
while cognitive tasks affect detection and sign 
recognition, which should be taken into 
consideration when practicing this task [30]. 
Another weakness of this method is the low 
ecological validity of the test (extent to which 
research findings would generalize to settings 
typical of everyday life), as the experimental 
settings do not give a highly realistic picture of a 
driving environment. 

In October 2016, the Detection Response Task 
(DRT) was standardized as a secondary task for 
assessing the attentional effects of cognitive load 
by the International Standardization Organization 
(ISO) [31]. The DRT method instructs the driver 
to respond to 1 or 2 second long stimuli while 
driving and performing various secondary tasks 
that are a typical interaction with in-vehicle 
information systems – IVIS: visual-manual or 
cognitive tasks. The stimuli can be visual, tactile 
or auditory, and are presented to the driver in 
random time intervals that last from 2 to 5 
seconds. The driver is asked to respond to the 
stimuli as soon as possible by pressing a button 



 

(against the steering wheel) attached to his/her 
left hand index finger.  

 

 
Figure 5: The response button and placement used in all 

versions of the Detection Response Task [31]. 

 
With this method, response times and hit rates 

are recorded and interpreted as indicators of 
changes in the driver’s cognitive load. Response 
times are measured as the time from the stimulus 
presentation until the time the driver answers it, 
while hit rates are calculated as a percentage of 
correct responses (occurring from 100 ms to 
2,500 ms after introducing a stimulus) out of all 
presented stimuli. One disadvantage of this 
method is that it requires high driver involvement, 
and can therefore be highly intrusive. It is, 
however, easy to use and gives straightforward 
results which allow simple assessment of the 
attentional effects IVIS have on driver’s cognitive 
load. 

Stojmenova et al. performed a comparative 
study of the three versions of the Detection 
response task and evaluated their sensitivity to 
the attentional effects that audio, visual and 
tactile tasks have on driver’s cognitive load [32]. 
Their results indicate that all three versions of the 
DRT were sensitive to detecting changes in 
cognitive load; however, none of them showed a 
consistent advantage in sensitivity in 
differentiating multiple levels of cognitive load if 
all response time, hit rate, and secondary task 
performance are considered. Contrary to their 
expectations, no correlation was found between 
DRT modality and the stimuli modality used for 
the presentation of the secondary tasks. It is 
important to mention that the DRT ISO standard 
provides implementation instructions only for the 
visual and tactile DRT versions, but does not 
provide this information for the auditory version. 
In the mentioned study, the authors used a 
random sound stimulus, which may have 
influenced their results. Intrigued by this, 
Stojmenova and Sodnik performed another study 
with the purpose of determining the most 
appropriate sound stimulus for the auditory 
version of the Detection Response Task [33]. 
They compared white noise, four pure tones (1 
kHz, 2 kHz, 4 kHz and 8 kHz) and two sums of 
pure tones (1 kHz+2 kHz+4 kHz and 2 kHz+4 
kHz +8 kHz) as potential sound stimuli for the 

auditory DRT. The choice to test exactly these 
sound stimuli was based on previous 
psychoacoustic research and the fact the human 
hearing system is most sensitive to sounds 
between 2 kHz and 5 kHz. Their results showed 
highest differences in response times for 4 kHz 
and 8 kHz, indicating that these sound stimuli 
could be potentially used for the auditory version 
of the DRT. However, they suggest the use of a 4 
kHz signal due to the fact, among others, that the 
upper frequency limit of hearing decreases with 
age so the 8 kHz signal could be more difficult to 
perceive for older drivers. 

5. PSYCHO-PHYSIOLOGICAL AND NEUROLOGICAL 

MEASURES 

Assessing cognitive load is also possible by 
observing a number of different psycho-
physiological and neurological measures. 
Research has shown that features such as 
galvanic skin response, heart rate and pupillary 
activity are all correlated with cognitive activity, 
and that by monitoring the electrical activity of the 
brain it is possible to get a direct observation of 
changes in cognitive load.   

It has been shown that cardiovascular activities 
(for example, heart rate and heart rate variability) 
are affected when the driver is exposed to 
cognitive load [34]. Reimer et al. performed a 
driving study in which they increased cognitive 
load gradually in three difficulty levels while 
observing heart rate among other psycho-
physiological measures. The results showed that 
heart rate increased in a step-wise fashion 
through the first two increases in load and then 
showed a less marked increase at the highest 
task difficulty level [35].  

Novak et al., for example, showed that it is 
possible to access heart rate data with a low cost 
wristband; however, they suggest that for more 
reliable results, a professional medical tool 
should be used [36]. On the other hand, they 
found out that the same low cost wristband 
(Microsoft band [37]) can also be used for 
galvanic skin response and skin temperature as 
cognitive load indicators. For more accurate 
measures, professional medical sensors should 
be used, such as the Empatica E4 wristband 
(Figure 6) [38]. This sensor device is equipped 
with an electro-dermal activity sensor (for 
assessing GSR), infrared thermopile (for 
measuring skin temperature), and a 
photoplethysmography sensor (for measuring 
blood volume pulse and consequently derivation 
of heart rate and heart variability values). Other 
researchers have also shown that these 
parameters can be used as accurate indicators of 
driver’s cognitive distraction and stress [39].  



 

Figure 6: Empatica E4 wristband [38]

 
Parameters such as pupil dila

duration and frequency, fixation duration and 
frequency, and saccadic extent have all shown to 
be correlated to changes in cognitive load
[42], [43][44]. Task-evoked pupillary response or 
pupil dilation, for example, shows changes in 
cognitive and visual driver’s distraction
frequency increases when the driver performs 
high cognitive load tasks as a function
[41]. Blink duration, on the other hand, increases 
when the driver is tired or drowsed, and 
decreases at the right beginning of a new task
[42]. The biggest advantage of these methods is 
data collection (remote or wireless glasses eye 
trackers), which is completely non-invasive and 
highly accurate. The only disadvantage is light 
sensitivity because of the speed changes of the 
driving environment, light traffic signs etc., which 
is, however, not the case with higher
trackers (for example, Tobii [45], SMI 
Smart Eye [47]). The authors of this manuscript 
participated in a study (Čegovnik et al.) for low 
cost eye tracker evaluation and the preliminary 
results showed that in a light controlled 
environment it is possible to accurately observe 
eye parameters such as pupil size, blink rate and 
fixation duration. These parameters can be used 
for the efficient assessment of changes in 
cognitive load; this fact indicates that low cost 
devices can also be used for such
research when performed in a controlled 
environment that considers all of the limitations of 
the used measurement equipment.  
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Figure 7: SMART EYE eye tracker pro for multi
remote 3D eye tracking 

 
Electroencephalogram or EEG is the most 

accurate method for assessing driver’s cognitive 
load as it monitors the electrical activity of the 
brain, which is directly impacted by changes in 
cognitive load. Brain activity is 
whenever a potential difference appears between 
the electrode with an active neural signal and the 
electrode that is placed on an inactive surface, 
which serves as a reference point
the type of the activity that provokes the signal 
(spontaneous or event-related), the obtained 
results are divided into two categories. 
group, signals in the range of between 1 Hz and 
100 Hz are detected. These signals
to spontaneous activities. The second group of 
signals corresponds to various sen
or motor events, which can be detected as event
related potential (ERP) in the brain. 
EEG is used in driver related studies
[50][51], performing these measures in a moving 
or simulated vehicle is not a simple task. 
Moreover, the equipment for collecting quality 
EEG is very expensive and often available only to 
medical research institutions. 

6. CONCLUSION

Assessing driver’s cognitive load imposed by 
the use of IVIS is not a simple task
choosing the right method, researchers should 
take into consideration the modalities of the IVIS 
(audio, tactile, visual or multimodal), the 
environment in which the study is performed 
(surrogate, simulated or real
understandably, the resources available for the 
study. However, regardless of the method that is 
chosen, it is important to include 
of driver’s cognitive load and overall impact IVIS
have on driver’s and their performance in order to 
achieve better driver’s exper
driver safety and reduce distraction related road 
accidents.  
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ONCLUSION 

Assessing driver’s cognitive load imposed by 
the use of IVIS is not a simple task. When 
choosing the right method, researchers should 
take into consideration the modalities of the IVIS 
(audio, tactile, visual or multimodal), the 
environment in which the study is performed 
(surrogate, simulated or real-life), and, 

ources available for the 
study. However, regardless of the method that is 

it is important to include the assessment 
of driver’s cognitive load and overall impact IVISs 
have on driver’s and their performance in order to 
achieve better driver’s experience, increase 
driver safety and reduce distraction related road 
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