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Abstract
Recording and analyzing eye movements provide important elements for understanding the nature of the task of driving 
a vehicle. This article reviews the literature on eye movement strategies employed by drivers of vehicles (vehicle control, 
evaluation of the situation by analyzing essential visual elements, navigation). Special focus was placed on the phenomenon 
of conspicuity, the probability of perceiving an object in the visual field and the factors that determine it. The article reports 
the methods of oculographic examination, with special emphasis on the non-invasive technique using corneal reflections, 
and the criteria for optimal selection of the test apparatus for drivers in experimental conditions (on a driving simulator) 
and in real conditions. Particular attention was also paid to the helmet – or glass-type devices provided with 1 or 2 high 
definition (HD) camcorders recording the field of vision and the direction of gaze, and the non-contact devices compris-
ing 2 or 3 cameras and an infrared source to record eye and head movements, pupil diameter, eye convergence distance, 
duration and frequency of eyelid blinking. A review of the studies conducted using driver eye-tracking procedure was pre-
sented. The results, in addition to their cognitive value, can be used with success to optimize the strategy of drivers training.
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HISTORICAL BACKGROUND
The interest in eye movement is not new. As early as in 
the  11th  century, Ibn  al  Haytam described, for the  1st 
time, fast eye movements that occurred when tracking 
moving objects. However, it was not until the 18th century 
that the  studies on the nature of these movements were 
undertaken. The 1st description of these movements was 
presented by Porterfield (1737) and then, later in 1792 [1], 
Wells described fast movements of eyes, which he called 
nystagmus. In the  19  century, Purkynjě’s studies on 
the mechanisms of perception of brightness were a major 

contribution  [1]. In  1879, Javal invented an ophthalmo-
scope used to examine eye movements, by the use of which 
he described the 1st saccades and fixations. A comprehen-
sive historical overview of research on eye movements was 
presented by Wade in 2010 [1].
The 1st invasive registration of eye movements using con-
tact lenses (1897) is attributed to 2 scientists – Huey and 
Delabarre  [1]. The  1st  non-invasive recordings, made in 
the early 20th century, using optical instruments were per-
formed by many researchers, among them: Dodge, Erd-
mann, and Cline [1]. Since 1905, film cameras have been 
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information technology and miniaturization of optical 
equipment. A  comprehensive review of the  literature in 
that area was published in 1998 by Rayner who analyzed 
over 900 publications [12]. It focused on the studies of eye 
movements during reading and other information process-
ing tasks, such as music note reading, writing, or observing 
a scene. The main focus of the review was on reading as 
a specific example of cognitive processing.
The main issues in relation to reading are: characteristics 
of eye movements, integration of information through 
the analysis of saccades, eye movement control and indi-
vidual differences. The author summarizes the review by 
claiming that the  analysis of eye movements has proved 
to be extremely valuable in the study of the processes of 
perception and information processing. Unfortunately, 
the  results cannot be generalized to various forms of 
cognitive tasks, but characteristics of eye movements in 
a  variety of tasks are necessary to understand cognitive 
strategies.
In our paper we will try to present the actual status of re-
search, in particular concerning the visual strategy studies 
on driving. This presentation is not exhaustive, but it can 
be useful for the future perspectives of research.

TYPES OF EYE MOVEMENTS
During a  visual task, basic eye movements include sac-
cades – rapid eye movements at a speed of up to 500° per s 
or even 800° per s. The amplitude does not exceed 8° and 
the duration is 20–200 ms, depending on the amplitude. 
The latency – the time from the moment a target appears 
in the  visual field to the  start of eye movement  – rang-
es from 100–300 ms. It depends primarily on the quality 
of cognitive process, increasing with its complexity. La-
tency is also increased when the  functional field of view 
extends to the peripheral zone, or when a high precision is 
required in a target location.
The sensitivity of visual perception is much reduced during 
saccades; the phenomenon is called “saccadic suppression” 

used for that purpose notably by Judd, MacAllister, Bus-
well, and Steel. In 1921, Gilliland performed a 2-dimen-
sional recording of eye movements [2].
Research on visual reading strategy started in the 1930s [1]. 
In 1931, Earl and Taylor developed 2 devices, called “Oph-
thalmograph” and “Metronoscope,” that enable accurate 
recording of eye movements, and above all, of saccades 
and fixations [1].
The 1st “eye-tracker” (a device for recording eye move-
ments) in a form of a helmet equipped with a mini-camera 
was the work of Hartridge and Thompson  (1948)  [3]. It 
was improved by Shackel in  1960  [4], and then in  1962 
by Mackworth and Thomas [5]. In 1967, Yarbus [1] start-
ed the  research using his oculometer, and thus, opened 
a  wide, new field of research. The  era of modern eye-
tracking began in the  1970s with the  studies performed 
by Young and Sheena and their successors [6].
The use of eye-tracking to control visibility of the elements 
of visual advertising was the work of an advertising agency 
Euro RSCG and it started in the late 1970s. Followers of 
these applications included other public agencies and, 
later on, website creators. This technique made it possible 
to optimize and minimize their advertising messages while 
ensuring their better advertising effect.
Application of this technique to observe driving strate-
gies also dates back to the 1970s. Already in 1971, Soliday 
published a survey of reports on the studies of drivers [7]. 
One of the 1st devices used in these studies was the Japa-
nese NAC Eye Marker Recorder. At that time, studies on 
the differences in visual strategies of the experienced and 
novice drivers started and concept of “conspicuity” was 
coined, denoting the ability to perceive an element, associ-
ated with a concept of the functional field of vision [8–10]. 
In  1972 Mourant and Rockwell  [11] found different vi-
sual patterns in the novice and experienced drivers with 
the TV eye-movement system.
In the 1980s and 1990s, extensive research on eye move-
ments took place, mainly related to the  development of 
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movements are observed  – vestibulo-ocular movements 
and optokinetic nystagmus. These movements serve to 
stabilize an image in the  foveal zone and, in contrast to 
the pursuit, are not consciously controlled. The vestibulo-
ocular movements are primarily associated with move-
ments of the head and are generated by the  reaction of 
the vestibular system in the inner ear. They are very fast 
(faster than the  pursuit) and precise. In contrast, opto-
kinetic nystagmus is a  reflex generated by translations 
of the optical system taking place in the central nervous 
system [16,17].
Although a  lot of research concerns importance of 
these 3 types of movements, saccade movements are con-
sidered to be the most important for the cognitive process.
It also seems worthwhile to mention 3 other types of eye 
movements, characterised by high frequency and low am-
plitude: nystagmus, drifts and microsaccades. Although 
analysis of eye movements makes use of the  concept of 
the fixation relative to interrupting eye movement at some 
point between 2 saccades, in fact the concept is mislead-
ing. Eyes are never really fixed, because physiological nys-
tagmus is continuous and has a a nature of low-amplitude 
(< 1’) and high-frequency vibrations (50–100 Hz). Its role 
is not entirely clear, although it is often assumed that these 
oscillations are related to the perceptual activity of neu-
rons in the retina. Drifts (movements with an amplitude 
of  2–120’) and microsaccades (fast movements with an 
amplitude of 2–60’) are movements the precise meaning 
of which is not known, but it is assumed that they repre-
sent the  correction of inaccurate eye movement control 
process.
Permanent movement of images on the  retina in an ir-
regular manner constitutes the cumulative effect of these 
micro-movements. The amplitude of these movements is 
about  0.1°, while the  distance between the  receptors in 
the  retina is about 0.01°, which is necessary for the per-
ception of the images. Pharmacological blocking of these 
movements causes functional blindness.

and it is the subject of a  serious debate. Its effect is not 
conscious, most likely due to the existence of the inhibit-
ing mechanism in the central nervous system [13].
Many studies cited by Rayner suggest that some cognitive 
functions are inhibited during saccades, at least for simple 
tasks [12]. However, a person does not realize the gaps in 
mental activity during eye movements because the saccade 
duration is very short. Studies have shown that the pro-
cesses of lexical analysis while reading are not inhibited 
during saccades [14].
Saccades should be distinguished from  3  other types of 
eye movements – pursuit, vergence, and vestibular move-
ments (synchronizing eye movements with movements of 
the head).
Pursuit occurs when our eyes follow a  moving target; 
the  speed of those eye movements is much slower than 
the  saccade  – below  30/s. If a  target is moving quickly 
across the entire field of vision, pursuit is often accompa-
nied by a saccade to catch up with the target. Some authors 
claim that it is desirable to analyze slow eye movements to 
evaluate the state of a driver’s activity [15].
Vergence eye movements occur when the eyes are guided 
to the centre of the field of view to focus on a near object. 
They reflect the compensation of binocular vision at vary-
ing distances. When a target of observation is located at 
a distance of far vision (> 6 m), eye movements are paral-
lel. They become convergent when the target is located at 
a distance of near vision (< 1 m), as they serve to position 
the image within the foveal area (about 2° around the vi-
sual axis). These movements are also used to track an ob-
ject when it is approaching or receding. Tracking an object 
that moves in 3 dimensions – that is moves laterally and 
recedes at the same time – requires combined pursuit/ver-
gence movements. Vergence movements are usually slow, 
rarely exceeding 10/s.
Vestibular eye movements appear to compensate for move-
ments of the head and body, in order to maintain the same 
direction of a view. When the head moves, 2 types of reflex 
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not allow to track the direction of gaze, since it can track 
eye movements only when the head is immobilized. It is not 
suitable for long-term recording either, due to the need of 
adhesive fastening of the electrodes around the eyes. How-
ever, it has been applied with success in the conditions of 
experimental studies using a simulator [22].
The galvanometric technique consists in measuring chang-
es in the electromagnetic field by means of contact lenses 
applied onto the cornea, equipped with an induction coil. 
It is very precise; however, due to its invasiveness, it is very 
restrictive and impossible to use in the field studies.
The corneal reflection technique is currently the  only 
technique that allows tracking direction of gaze in a non-
invasive way. It involves using a source of infrared light re-
flected from the cornea, which can be tracked in the field 
of view. This is possible owing to the fact that the reflec-
tion from the moving parts of the pupil can be separated 
from the reflection from the static elements of the cornea, 
whereby it is possible to precisely determine the position 
of eye from the relative positions of the reflections. This 
particular technique is currently being used for long-term 
tracking of eye movements in the field studies [23,24].

Eye movement recording methods 
used in the field studies
The studies of visual strategies during visual tasks are car-
ried out mainly by means of the apparatus using the corne-
al reflection technique. The recent years have seen a rapid 
development of that technique, which enabled production 
of a  number of devices for long-term recording in most 
work situations. It involves superposing the reflection of 
an infrared light ray sent in the  direction of the  cornea 
from a source placed adjacent to the eye, onto the image 
of the field of view filmed by a camera mounted on driver’s 
head. Suitable software enables precise tracking of gaze 
direction.
The corneal reflection technique cannot be used in con-
ditions of high-intensity solar radiation, which makes it 

Between the  2  saccades, eyes stop on the  object being 
viewed for about 200–600 ms, and the stops are referred 
to as fixations. Their duration depends mainly on the in-
tensity of the luminance contrast, complexity of the area 
of vision and cognitive load. Depending on the different 
task of reading, fixations have different characteristics; 
their duration varies between  200  ms on silent reading 
to 400 ms on typing (Rayner) [12].
In the studies concerned with visual information process-
ing, as well as with general visual strategy, these are pre-
cisely those characteristics that are most commonly used 
to quantify eye movement.
In the  task of driving, the  saccades could be shorter 
than  200  ms  [18]. In the  study concerning responses to 
the critical hazard events, in a driving simulator, Horrey 
and Wickens using the  Smart Eye Pro system have ob-
served the saccades from 60 ms to 200 ms [19]. They have 
also measured “glance duration” which is defined as time 
of watching an object. This time in their study was 0.1–3 s.
Martens and Fox [20] have performed the same measure-
ment of glance duration in a  study about recognition of 
traffic signs in driving a low cost simulator. Using the eye-
tracker ISCAN they have found durations from 0.3 to 2 s.

Oculometry
Oculometry is a method that allows measurement of eye 
movements and gaze direction tracking in the visual field 
test. Historically, 3  types of oculometry were used: elec-
trooculographic,  galvanometric  and  the  corneal  reflec
tion techniques.
The electrooculographic technique  (EOG) involves mea-
surement of bioelectric potential differences caused by cor-
neal-retinal eye movements. These potentials are recorded 
using electrodes placed around the eyes. The received sig-
nal is filtered to eliminate artefacts. This technique is very 
precise in assessing the  range of motion with good time 
resolution and poor spatial resolution. It is one of the 1st 
techniques used in clinical trials [21]. This technique does 
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–– Reliability – the camera should work reliably in every situ-
ation and with every person; poor lighting conditions may, 
however, interfere with its operation; interferences may 
also occur in people who wear contact lenses or glasses.

–– Low-level filter  – the  data recorded directly by the  de-
vice are subject to artefacts related to blinking or clos-
ing the eyelids; filtering and smoothing the signal causes 
the destruction of information on the movements of small 
amplitude; the type of filter used determines the move-
ments actually taken into account in the further analysis.

–– Programming and data visualization interface  – most 
devices have a  software package for visualizing and 
evaluating the  recorded eye movements; however, it 
is very important to be offered the possibility of using 
additional applications that make it possible to adapt 
the machine to the test better.

According to Ould et al., these criteria should be extend-
ed  [26]. In the  opinion of that author, who provides an 
overview of the  literature on the  subject, a  good appa-
ratus for “eye-tracking” study should meet the following 
requirements [26]:
–– allow access to the field of view without distortion, with 

an easy access to the face and head,
–– operate without any contact with the subject,
–– artificially stabilize the retinal image as necessary,
–– be accurate up to at least a few minutes of arc, the accu-

racy is limited by the combined effects of non-linearity, 
distortion, delay and other sources of error,

–– have a resolution of 1 arc min per s, and thus, be able to 
detect the slightest changes in the position of eye,

–– have a wide dynamic range of movement: from 1 min arc  
to 45° for the position of eye and 1–800’/s for the speed 
of eye movement,

–– have a good rate of reaction (e.g., 100 Hz),
–– be able to give an answer in real time,
–– be able to make measurements in 3 planes of eye move-

ments (anterior-posterior, sagittal and transverse) and 
be insensitive to the translation of eye,

impossible to identify the infrared ray produced by the ap-
paratus. In this case, you can replace it with a computer 
program that simulates the driver’s head and eyes to assay 
gaze direction, with a slightly lower accuracy than that of 
the corneal reflection method. The computer-simulation 
method requires a high efficiency computer system able to 
produce such a model in real time, and necessitates very 
high precision in setting the cameras. Currently it is used, 
among others, in the FaceLab system.

The criteria used in selecting methods 
of registration during the field studies
Currently in the field studies, 2 types of devices are used: 
devices placed on driver’s head, such as a helmet or glass-
es, and independently installed devices without physical 
contact with the person to be tested. The  latter are par-
ticularly valuable in the field studies, where the use of hel-
mets and even glasses is not always possible or does not 
guarantee the maximum safety of the test.
Drewes has performed a  study about following visual 
targets on screen in order to optimise eye-gaze user in-
terface design [25]. After a deep review of current litera-
ture he has proposed criteria for optimal eye movement 
recording apparatus concerning eye cameras as well as 
scene cameras. Each criterion is important, depending 
on the application of the device and the range of tests to 
be performed using that device [25]. Here are the 5 crite-
ria he distinguishes:
–– Accuracy – the limit of accuracy of the eye is approxi-

mately  ±0.5°; most devices meet this criterion; only 
studies on micro-saccades and rapid eye movements 
require better accuracy.

–– Resolution  – each device records gaze direction at 
specified intervals. The  video camera recording fre-
quency is usually determined by the specified number 
of frames per  second, which is not always sufficiently 
high for a  precise observation of saccades, especially 
in human/computer interface studies.
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independent of a  device that could potentially limit his 
freedom of movement, or even visibility.
A device of this type consists of 2 or more HD cameras 
and  an infrared source placed between the  cameras. 
The  cameras are placed in front of the  face of the  sub-
ject in a specific location relative to the subject’s eyes. An 
additional camera can be set so as to record the subject’s 
field of vision. The  device simultaneously captures eye 
and head movements, pupil diameter, eye convergence 
distance and duration, and frequency of eyelid blinking.
Some devices also have the ability to track gaze not only 
with infrared reflection from the cornea, but also by cre
ating a computer model of the head and eyes. This ensures 
that the device operates effectively even under strong sun-
light, which excludes the use of infrared light. Addition-
ally, there is also the ability to analyze facial expressions 
based on the dynamics of movements of the mouth, eyes, 
eyebrows, etc.
Simpler devices are provided for testing visual strategy 
during observation of the screen. An HD camera placed 
below the  screen makes it possible to record eye move-
ments, head movements and pupil diameter. They are 
used primarily for analyzing tasks of reading the screen, 
and therefore, can be used for research in a  simulator, 
while they are not suitable for real-time test driving. Ow-
ing to the  integration of the  eye-tracking system with 
the computer screen, the apparatus is very convenient for 
practical use. The only limit is your computer screen that 
restricts the scope of control of eye movements.

Special devices
These include equipment used in basic research. In 
the last decade, rapid progress in studies on neurophysi-
ology has been possible thanks to breakthroughs in im-
aging techniques such as Positron Emission Tomogra-
phy  (PET), computed tomography, magnetic resonance 
imaging (MRI). Thus, test devices have been developed, 
adapted to track eye movements in a tunnel, or in other 

–– be easily adaptable to binocular recording,
–– not interfere with the registration of other physiological 

functions,
–– be easy to use by different subjects.

Apparatus for testing the visual strategy
There are 3 main types of apparatus for testing visual strategy: 
helmet devices, contactless devices and special equipment.

Helmet devices
It was the 1st device used to test visual strategies while driv-
ing. One of the first was the Nac Eye Marker, the newer 
versions were used to test drivers in the 1970s and 1980s [1].
Currently, the  apparatus used for this type of research 
is extremely miniaturized to allow the use of lightweight 
glasses instead of a full helmet.
The apparatus characterized by high accuracy of the mea-
surements can be designed either for use with an immobi-
lized, or a freely movable head. They are suitable for use 
in a  laboratory, where they can work smoothly together 
with apparatus for recording biological signals (electroen-
cephalography  (EEG), electromyography  (EMG), mag-
netic resonance imaging (MRI)).
Nowadays, the  apparatus used for field studies consists 
mostly of lightweight glasses fitted with 1 or 2 high defini-
tion (HD) digital cameras recording the field of vision and 
direction of gaze, and a minicomputer. The recorded data 
can be observed in real time.
The new family of devices combines 2 technologies – ultra high 
speed tracker for recording movements in 3D, and power-as-
sisted eye-movement-controlled system for controlling move-
ments of the recording cameras. Superposing the field of vision 
on the wide-angle panoramic camera image results in a hybrid 
image, allowing a very precise tracking of gaze direction.

Contactless devices
The contactless apparatus is much better suited for test-
ing drivers due to the  fact that the  driver is completely 
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The field of view may, therefore, be functionally divided 
into 3 regions, in which [28]:
–– the stimuli can be identified without eye movement,
–– eye movement is necessary to identify the stimulus,
–– identification requires head movement.

CONSPICUITY
Another problem is the  ability to perceive objects in 
the  visual field. Conspicuity is defined as the  prob-
ability of perceiving an object in the  visual field  [29]. 
Among the  authors there is no agreement on a  clear 
definition, and many of them point to different aspects 
of the phenomenon. Many of them focus primarily on 
the characteristics of the viewed objects and the observ-
er’s attentiveness. These characteristics vary depending 
on whether the  observed object is actively sought or 
unexpected [30].
In neuroscientists approach, conspicuity is considered 
as an attentional process, which could be performed 
on  2  component frameworks, one a  bottom-up, fast, 
primitive mechanism that biases the  observer towards 
selecting stimuli based on their visibility (saliency), and 
the  2nd  – a  slower, top-down mechanism with variable 
selection criteria under cognitive, voluntary control [31].
Quantitative evaluation of conspicuity is difficult, espe-
cially if it is to be objective. The  most commonly used 
methods include the  observer’s verbal description and 
registration of eye movements.
Cole and Jenkins (1980) propose the  following quanti-
tative definition of conspicuity: an object is conspicuous 
if 90% of the observers have noted it within 0.25 s, regard-
less of its location in the visual field [32].
Difficulties in assessing conspicuity through verbalization 
come mainly from differences in training and the ability 
level of the observer. These differences may render this 
type of evaluation quite unreliable.
Registration of eye movements is currently the only meth-
od that allows for an objective quantitative assessment of 

similar conditions. In order to reliably classify the  areas 
of brain involved in the  control of eye movements, it is 
important to accurately measure actual eye movements. 
For this purpose, the infrared ray is guided without con-
tact through the optic fibre to the eye of the subject. Two 
additional optic fibre cables receive the light reflected by 
the cornea. By calibrating the eye position in the scanner, 
it is possible to estimate the position of an eye with high 
temporal and spatial resolution.
Recent years have seen considerable progress in re-
search on the  use of catadioptric cameras  [27]. These 
cameras are made up of a  system of mirrors and lenses 
to produce a  panoramic view. They have been used for 
at least 10 years in robotics, in particular in the construc-
tion of self-moving robots. Recently they have been used 
as a  driving aid. A  device for recording eye movements 
using this type of camera is currently being developed [27].

Visual strategy on driving
During looking ahead, the  field of view may be divided 
into  3  zones: foveal, parafoveal and peripheral. Visual 
acuity is excellent only in the foveal zone, which is located 
within 2° from the central axis of vision. The acuity is much 
poorer in the parafoveal area (about 5° from the central 
axis of vision), and quite weak in the  peripheral zone. 
Hence, the tendency of eye movements intended to ensure 
good visual acuity in the  whole field of view. Thus, sac-
cades serve to quickly include the field of observation into 
the foveal zone, and fixations are necessary to recognise 
the desired information in the field.
The results cited by Rayner suggest that the  required 
precision of recognition is essential for generation of sac-
cades  [12]. It has been observed that, in the  parafoveal 
zone, the objects which are large enough are recognized 
without specific eye movements, which points to the exis-
tence of a process control system within the central ner-
vous system. This process control system could be con-
sidered as a  cognitive recognition of visual perception. 
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depending on the contents of the sign. Most authors have 
found that when driving in urban conditions, the number 
of the  read signs decreases along with the  intensity of 
traffic. Some authors propose to perform measurements 
of the  maximum distance from which a  driver can read 
the sign and the distance from which he/she actually begins 
to read it. The ratio of these 2 distances would be a good 
indicator for a proper location of traffic signs [37,38].
The conspicuity of objects in a driver’s field of view de-
pends on  2  categories of factors associated on the  one 
hand, with the characteristics of the sign (color, size, light-
ing, etc.), or the complexity of the situation in the field of 
view, and on the other hand, with the driving task. It seems 
that the most important factor determining efficiency of 
perception is the complexity of the  situation in the field 
of view.
Quantitative assessment of complexity of the  scene is 
extremely difficult, because objective methods are not 
available. Most authors make use of subjective criteria 
which, however, cannot be used for the  quantitative as-
sessment. Characteristics of the object can be more objec-
tive, because the size, colour, contrast or brightness can be 
measured [34].
With simple scenes, conspicuity is limited only by the vis-
ibility of an object. For complex scenes, the  situation is 
complicated because of the importance of cognitive mean-
ing (sense) of the objects present in the field of view. Un-
fortunately, it is not always possible to apply the results of 
research carried out in laboratory in controlled situations 
to the process of real driving, mainly due to the fact that 
this process applies to all multiple visual tasks at once, 
rather than to a single task. However, some of the results 
have been confirmed by tests in real conditions, such as 
deterioration of perception ability due to the presence of 
the billboards in the complex field of view on the national 
road [34].
Results of the  studies on the  visibility of an object are 
used to determine the contrast threshold  (ΔLs/L – ratio  

conspicuity [33,34]. Its use in the process of driving a car 
is becoming more and more widespread.

VISUAL TASKS RELATED TO DRIVING A VEHICLE
We can distinguish 3 basic visual tasks while driving:
–– control of the vehicle,
–– assessment of the situation by analyzing essential visual 

elements,
–– navigation.

During navigation, a driver tends to choose a target point 
in the field of view, allowing him/her to anticipate direction 
of travel of the vehicle. This tendency can cause 2  types 
of conflict: emergence of a number of points that can be 
“target points” in the same visual task, or occurrence of 
a number of elements that could be important for driving, 
but related with a variety of other visual tasks, as pedes-
trian detection or visual control of navigation system [35].
The most important source of information that makes car 
driving possible comes from the moving elements which 
appear in a driver’s field of vision. Observation of those 
elements provides information that helps to assess the sit-
uation and ensure smooth navigation. A driver does not 
knowingly receive all the  information coming through 
the optic canal, but only that which is essential for his/her 
security. The  probability to detect an object while driv-
ing (conspicuity) is very important for the assessment of 
driving effectiveness. Unfortunately, there is currently 
no objective method for quantitative assessment of that 
probability [36].
The results of questionnaire surveys and eye-tracking tests 
suggest that only about  10% of the  written information 
present in a driver’s field of vision is read by the driver [34]. 
The  remaining information is neglected by the  driver. 
The correct choice of information relevant to the safety of 
driving determines efficiency of a driver. In an experimen-
tal situation when a driver is instructed to read all traffic 
signs, his/her visual strategy changes compared to normal 
driving. In this case, reading time ranges  250–750  ms, 
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that are on the road and on the pavement. Their strategy is 
to minimize the risks associated with other road users [39].
Fildes  et  al. [40] have measured, by means of a  non-
contact FaceLab, the  same parameters,  i.e., the  number 
of fixations, average fixation time, percentage of area in 
the  total field of view during fixation  [40]. This appara-
tus allows a precise decomposition of the field of view, in 
terms of dividing this field into test areas, as in the Eye-
Works software. Tests were made on a simulator and their 
goal was to compare the  strategy of young  (25–35  year 
old) and older  (65–75  year old) drivers when driving in 
urban conditions and on the highway. The results indicate 
that older drivers assess traffic parameters more slowly 
(their fixation time is longer than in the young) and do it 
with less precision (the field of observation of an object 
on the  road is greater in the elderly than in the young). 
The authors believe that the results justify continuation of 
that research.
Fiedler and Glöckner have measured the number of fixa-
tions on a visual target, and percentage of the number of 
total fixations throughout the  measurement period  [41]. 
Using the non-contact FaceLab apparatus, they have also 
measured the  average time of fixation and distribution 
of long, medium and short fixations. Decomposition of 
the field of view into regions of interests was conducted 
depending on the capacity of the eye-tracking system.
In the studies of the dynamics of risk-taking in a computer 
game they have also measured the changes in the width 
of the pupil by the PERCLOS (Percent Eyelid Closure) 
system and the  time of decision-making in terms of dif-
ference between the appearance of a stimulus and the as-
sociated response. The authors have recorded eye move-
ments at 120 Hz sampling rate frequency and a precision 
of the location of the eye movement of about 0.45. Fixa-
tion was identified with a precision of 30 px, and the rec-
ognition threshold was set at 50 ms. The reaction time was 
measured with accuracy up to 5 ms. The results confirm 
that the rate of change of these indicators can be useful  

of the difference of the maximum luminance to minimum 
luminance values) depending on the size and position of 
an object relative to the central axis of vision, and com-
plexity of the scene.
Complexity indicators that seem to be important in pre-
dicting detection of visible elements are based on the as-
sessment of the  number of objects observed, number of 
light sources, number of objects in the 10° cone, and evalu-
ation of mental workload. Since the average reading dis-
tance of an object is at about 2/3 of the distance of maxi-
mum readability, it seems logical to conduct evaluation of 
complexity at this particular distance.
It is extremely difficult to assess characteristics of the driv-
ing task objectively, especially in a real situation. Studies 
in laboratory conditions are always subject to a methodol-
ogy-related error, whereby it is not possible to transfer re-
sults to real situations. However, conscious orientation of 
attention seems to affect object conspicuity. The searched 
object is 3 times as visible as the object accidentally pres-
ent in the visual field [30].

RELEVANT EYE-TRACKING INDICATORS 
FOR USE IN THE STUDY 
OF VISUAL STRATEGIES ON DRIVING
Most common indicators in the assessment of visual strate-
gies include: the number of fixations, average fixation time, 
and exploration areas of the functional vision field. These 
parameters were measured as early as in the 1970s  [10], 
although the accuracy attainable at that time was not sat-
isfactory. They are still in use considering that they can be 
optimized, primarily by statistical means.
Muttart  et  al.  [39] employing a  Mobile-Eye miniatur-
ized contact system used those particular parameters in 
comparative studies of visual strategies of drivers of cars 
and motorcycles during a  left turn or U-turn manoeu-
vre. They have found that motorcyclists were developing 
a much richer visual strategy than car drivers, as reflected 
by a greater number of fixations, especially on the objects 
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on the road in order to maintain the correct position on 
the  lane during driving around a  curve  [46]. The  more 
distant of those 2 sources is used as a target point to pre-
dict the curvature of the road. This source on the road 
is in the driver’s field of view at the distance that the ve-
hicle travels during the optimal 0.75–1 s and is used for 
anticipation, allowing the  driver to predict curvature 
of the  road. The  other, less distant source, preceding 
the  driver by about  0.5  s is used as a  re-control (feed-
back) mechanism that allows the  driver to fine-tune 
the manoeuvre. The studies have shown that this mecha-
nism is present in most people, regardless of experience 
in driving, but its accuracy is better in experienced driv-
ers. This mechanism occurs in most management tasks, 
such as driving a bicycle, horse riding or simulated driv-
ing on a computer [47,48].
However, Kandil et al. [49,50] point out to a discrepancy 
between the results of research conducted on simulators 
and real-time driving. The results compared with the lit-
erature suggests that the strategy of the real driving is most 
often a  “target point” (described above and in the  Dis-
hart’s study), while during simulated driving, a target sam-
pling strategy is more frequently observed, which involves 
progressively moving virtual point according to the move-
ment of the vehicle [49,50].
The main problem in conducting research on visual strat-
egy is to identify and monitor the  requirements of driv-
ers as independent variables  [51]. Potential confounding 
factors include the increased visual requirements, such as 
the increase in visual complexity, and increase in cognitive 
demands, such as increased processing requirements of 
a particular stimulus because of its importance in the situ-
ation. It seems that the  overall increase in the  require-
ments and complexity of the task tends to reduce the av-
erage duration of fixation and increases the number and 
frequency of fixations.
According to Duchowski, older people are less accurate in 
capturing scenes viewed while driving [52]. During night 

for the evaluation of mental workload [42] although the al-
gorithms based on a  pupil diameter are not sufficiently 
robust if the light conditions change.
Lang and Qi have proposed an algorithm for detec-
tion  of  driver’s fatigue, based on measurements of 
changes in a pupil diameter (PERCLOS), and the rate of 
blinking [42].
Assessment of the proportion of eye movements to head 
movements during a  precise location of a  visual target 
was conducted as early as in the  1970s. Zangemeister 
and Stark observed an offset (or desynchronisation) 
of  2  movements  [43]. According to Doshi and Trivedi, 
a  separate analysis of eye movement and head move-
ment allows for a  more accurate assessment of visual 
strategies [44].
It is generally recognized that errors of visual attention are 
responsible for a large proportion of traffic accidents [24]. 
Recording and analyzing eye movements provide impor-
tant elements for understanding the nature of the task of 
vehicle driving. These results make it possible to optimize 
driver training strategy and prevent accidents. The cited au-
thors suggest that in the simplest case of driving, a driver’s 
visual fixation on straight stretches of the road can be de-
scribed as focusing on the expansion point (target), i.e., on 
that section of the visual field in front of a driver where ob-
jects appear to be stationary, with rare gazes on the traffic 
signs and markers on the edge of the road. It is clear that 
a  dangerous event usually causes a  significant increase  
in the duration of fixation.
Kito et  al. have found that the  amplitude of eye move-
ments is significantly broader when driving large vehicles 
(truck, bus) than during driving a small car [45]. Fixation 
positions are observed at approximately  50–60° relative 
to the central axis of a driver’s sight (i.e., 50–60°, both to 
left and right of the axis). Some of them are targeted at 
zone 0–20° relative to that axis.
Dishart and Land suggest that experienced drivers re-
ceive visual information from  2  sources of information 
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condition (9574.5 ms vs.  6523.4 ms). The people talk-
ing on a mobile had fewer fixations on the hazardous 
vehicles while the hazardous event occurred (118  ms 
vs. 186 ms). The total time spent fixating on the hazard-
ous vehicles during the event was longer for the people 
in the driving-only condition (mean (M) = 4755.3 ms) 
than for those talking on a mobile (M = 3514.8 ms).
Many authors have applied the analysis of eye movements 
to assess the  level of driver’s fatigue. Merat and Jamson 
have found differences in the level of fatigue by analyzing 
the pupil diameter using PERCLOS [57]. Schleicher et al. 
determines the level of fatigue based on the frequency of 
blinking and saccade characteristics [58].

CONCLUSIONS
The present review of literature indicates that the meth-
od of tracking eye movements is currently the method of 
choice for the study of cognitive strategies, in particular vi-
sual strategy. Currently available techniques allow the use 
of non-contact methods in the conditions of field test, both 
during simulated driving and in real traffic conditions. 
The results enable a quantitative assessment of objective 
parameters of the strategy and comparing these strategies 
under different experimental conditions.
Although the  number of publications on the  analysis of 
eye movements while driving increases, it appears that 
much of the research in this area is not published due to 
their direct use in concept vehicles.
It is advisable that the prospective development of that re-
search includes, in particular, basic research intended to 
explain learning mechanisms that are necessary for under-
standing the  functioning of the human cognitive system. 
This perspective is particularly attractive for the future of 
ergonomics, as it would provide a neurophysiological ba-
sis for a better understanding of the  cognitive processes 
necessary for the proper design of the interface for infor-
mation exchange between a man and the machine oper-
ated by him.

driving, the  difference is even greater. During daytime 
driving, visual distractions, such as billboards located on 
the  roadside of a highway, increase the  frequency of er-
rors, which is not the case at night. There is a strong cor-
relation between the number of fixations and the response 
time. Older people need more fixation than younger ones 
to follow the same scene, as well as more fixation is neces-
sary to recognize the scene in the circuimstances of poor 
visibility (fog, rain, etc.). Similar results have been ob-
tained by Fieldes et al., who have found that older people 
respond more slowly than younger people, but also their 
visual strategy is qualitatively different and can be judged 
as less effective [40].
The results of experiments in which gaze is monitored 
in simulated driving conditions indicate that the  prop-
er task visibility depends mainly on the  habits acquired 
by the  driver during driving. The  findings suggest that 
the standards of fixation and visual control in individuals 
with normal visual skills are acquired by learning [53].
The studies investigating effects of mental activity 
while driving suggest the  desirability of an awareness 
campaign about the  risks of concentrating on their 
own thoughts unrelated to the process of driving  [54]. 
Numerous studies on the  effects of performing dual-
task procedure, involving driving a  vehicle and talk-
ing on a  mobile phone, on the  efficiency of perform-
ing the main (driving) task indicate that this efficiency 
drops very seriously, which is reflected in the increased 
number of violent braking episodes, lack of control, 
neglecting rear mirror view and impaired strategies for 
recognizing objects on the road [55].
The study of Balk et al. [56] realised on a low fidelity 
driving simulator has shown that the percentage of 
fixations on the vehicles involved in hazardous events 
throughout the test was greater for the driving-on-
ly condition than driving and talking on a mobile 
(40%  vs.  29%). The mean time spent looking at the 
hazardous vehicles was greater for the driving-only 
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