
 

 
Abstract: The technique of eye tracking is used 

to record the position and movement of the eyes. 
This method calculates the position by tracking the 
reflection of the light from the cornea and 
compares it with the center of the eye. Analyzing 
the data on the eye movement and position makes 
it possible to determine the way in which a person 
processes visual information. If the collection 
process does not bother the participants, the 
measured data are less subjective than e.g., data 
gathered by asking the participants directly. Eye 
tracking is used in various research fields, 
including medicine, marketing, education, usability 
research, computer games, among others. This 
work presents a project which aims to integrate the 
eye tracking system into the teaching process at 
Subotica Tech – College of Applied Sciences. 
During their studies in the field of Informatics, 
students have courses in which they need to 
independently design and develop software 
applications, such as mobile, web or desktop 
applications, while other tasks focus on creating 
multimedia contents, e.g., posters or flyers. With 
the help of eye tracking devices, students can 
obtain information about how others use their 
application. Data on how other users generally use 
the user interface, how fast or in which order they 
select the options, is directly related to the quality 
of the design and the usability of the application. 
The results from the eye tracking system can help 
students to develop better applications whose 
design and user experience meet the requirements 
of most users and will therefore be perceived as 
optimal applications. 
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1. INTRODUCTION 

HE definition of eye tracking can be 
summarized as a technique of measuring 

what one is looking at or the movement of the 
eyes in relation to the head. The study of eye 
movements dates back to the very beginning of 
the last century. Eye movement monitoring 
devices were initially used for medical purposes. 
The development of information and 
communication technologies has enabled this 
type of measurement to be increasingly applied 
in other areas, such as marketing, ergonomics of 
applications and software, in product 
development, as well as in assistive technologies 
that develop aids for the blind and partially 
sighted persons.  

2. HISTORY OF EYE MOVEMENT MONITORING 

One of the first publication in the field of eye-
movement monitoring research is Guy T. 
Buswell's book entitled: How People Look at 
Pictures: A Study of the Psychology of 
Perception in Art [1]. In this book, the author 
describes an experiment in which the eyes’ 
horizontal and vertical movements were tracked, 
and based on that data, it was determined how 
the participants observed the test objects. 

Significant research was also conducted in the 
Visual Perception laboratory, where they 
deduced that, when viewing an image, a 
“general” examination with well-defined 
sequences is characteristic: the observed main 
details were observed in successive short 
breaks. That research led to the conclusion that 
most people first look at the picture in general, 
only after do they look for the details where the 
eyes stay longer. The order of viewing minor 
details is not always the same and neither is the 
length of the retention of the gaze. The 
experimental results showed that the recorded 
eye movement was not accidental: the 
characteristics of the observed image affected 
the eye movement.  

In the 1940s, researchers began to analyze 
how people viewed/saw advertisements. The 
results of the research indicated that there were 
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differences in the eye movements of individuals, 
but also that there were movement patterns that 
were highly similar among the participants [2]. 

3. METHODS OF MEASURING EYE MOVEMENT 

In the 1950s, Alfred Lukyanovich Yarbus, 
Russian psychologist, developed the first modern 
system for monitoring eye-movements (Fig. 1). 
His device consisted of a system of light mirrors 
weighting 0.15 and 0.2 grams, which were 
attached to the eye with a vacuum. The light from 
the mirror was directed onto photosensitive 
paper, where the path of eye movement was 
drawn [3]. 

 

Figure 1. Left: suction caps, right: Yarbus eye 
movement monitoring device 

One of the methods of examining eye 
movements is electrooculography (EOG). This 
method is based on the fact that the eyeball 
behaves like an electric dipole, its positive pole is 
on the surface of the cornea, and its negative 
pole is behind the retina. The potential difference 
changes with eye movements and it can be 
measured with electrodes placed next to the eye 
[5]. 

 

Figure 2. EOG – electrooculography [14] 

Methods for determining the position of the eye 
in which contact lenses are used have also been 
developed (Fig. 3). One such solution uses a lens 
containing a coil. The movement of the eye leads 

to the movement of the windings in the magnetic 
field, and the voltage that is generated is being 
measured. The position is determined based on 
the measurements. It is also possible to use 
reflective lenses to track eye movements. The 
principle of operation is the same as with the 
Yarbus device [6]. 

 

Figure 3. Coiled lens 

Another option for examining the position of the 
eye is using infrared light (IR). Infrared light is not 
visible and does not interfere with the eyes. 
Positioning is performed based on the detection 
of reflected IR rays from the eye. 

In addition to special glasses that have an IR 
light source and a camera (Fig. 4), there is also a 
version of the device that can be attached to the 
monitor, or below it (Fig. 5). The device’s camera 
detects the reflection of infrared light from the eye 
and combines this information with the 
coordinates of the center of the pupil. Based on 
the measurement, it can be determined where 
the observer is looking, what his/her behavior is 
or whether he/she is interested in the details. The 
advantage of this device, which can be mounted 
in classic or VR glasses, is that it enables the 
study of eye movements to be performed outside 
the laboratory. This means that such devices 
make it possible to track the shopping habits of 
users, among others. The measurements taken 
in a store are useful in terms of showing where 
the user first looked, which shelf, which row, 
which product. Based on this data, it is then 
possible to optimize the product layout on the 
shelves. [9, 10]. 

 

Figure 4. Eye tracking device built into glasses [7] 

 
Figure 5. Gazepoint GP3 eye-tracker hardware unit [8] 
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4. RESEARCH 

Subotica Tech is a vocational studies college; 
therefore the curriculum contains many practical 
subjects. In many subjects, knowledge testing is 
done through projects. This paper focuses on 
those subjects in which students develop projects 
such as software applications, or multimedia 
content. To determine the quality of an 
application, in addition to the functionality itself, 
an important factor is the user experience. User 
experience (UX or UE) is the way the users 
communicate with a product, system, or service, 
or how they experience it. That experience 
includes perceptions of usefulness, efficiency, 
and how easy it is to use. Improving the UX is 
important not only for the companies, but also for 
the designers in a process of product 
development. Negative user experience can 
reduce product use. Discontinuation of the 
product or service due to bad or poor UX will 
occur even though there are no errors in 
functionality. While user experience is subjective, 
the attributes themselves that make up the user 
experience are objective. 

Eye tracking is defined as measuring and 
analyzing patterns of visual attention of users 
when users scan a given website. If such data is 
analyzed over a certain time span, it may offer 
valuable insight into which parts of the digital 
content is mostly focused on and paid special 
attention to.  

The research conducted at Subotica Tech, with 
the involvement of second-year informatics 
students, was carried out with the application of 
the Gazepoint GP3 eye-tracker hardware unit 
(Fig. 5). With this device, it is possible to track the 
user's gaze on a single image, or on a web page. 
The results are displayed in the form of heat 
maps and with "lines and circles". The lines show 
the trajectory of the eye, and the circles the 
length of fixation of the gaze at a certain point 
(Fig. 6 and 7). Heat maps with colors show the 
length of fixation on a certain part of the image. 
Blue color indicates a short time, while red 
indicates that the user was looking at that point 
for a long time (Fig. 8).  

This paper presents how this device can be 
implemented with the aim of improving the 
learning process. The underlying notion is that 
students make use of this device in order to 
analyze how colleagues use their application and 
thereby gain a deeper understanding of the user 
experience of their own applications. By using an 
eye-movement tracking device, it is possible to 
obtain objective information on whether one 
application is ergonomically well-designed, 
whether it is easy to use, and obtain information 
how users use it. This is information that forms 

the basis of future improvements in the 
ergonomics, UX, and functionality of the 
application, which would then lead to an increase 
in quality. Data analysis is a process in which 
designers learn to understand customers’ needs. 
At the time of these practical classes, the 
students tend to lack sufficient experience on 
how to design an application, whereby they were 
taking into consideration the needs of the users. 
Most often, students can only rely on their 
personal experience in their work and follow their 
own notions regarding what would be optimal for 
the users of their applications. A common 
occurrence is, for instance, when an approach is 
applied that ignores the fact that the users of the 
application do not think in the same way as the 
designer (whether it is the design of the UX or the 
application functionality). 

The global Covid-19 pandemic in 2020 greatly 
affected how research was conducted. The 
original research was meant to involve more 
students, which was rendered impossible, and 
also, the analysis of a larger number of posters 
was only partially successful. Following the 
necessary adjustments to the research, the 
students eventually analyzed the official website 
of Subotica Tech and the posters they made.  

The section below provides an overview of how 
a given student performs the Subotica Tech 
website search task to find a template for the final 
paper. The equipment studiously recorded the 
student’s gaze and the path in which the task 
was performed. Fig. 6 shows a detail from that 
recorded material. The eye movement trajectory 
is marked by lines, while the circles indicate the 
order and length of gaze fixation on a certain part 
of image. The whole number indicates the order, 
and the number below refers to the amount of 
time that the eye spent on that point. 

 

Figure 6. Sequence of performing the search task on 
the web page 

The figure below displays how the user reads 
the part of the web page that contains the news. 
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Figure 7. The gaze trajectory for the News section  
on the web page 

The following measurement was done on 
poster, which students created as a part of their 
obligations in the course ‘Multimedia systems’. 
The students had been given clear guidelines on 
how to design a poster, e.g., a poster with a 
monochrome background and a motivational 
sentence, a poster with an image as background 
and a phrase, one with more images and more 
text, among others. The results presented below 
show the heat maps obtained for some of these 
posters (Figs. 8 to 10). 

    

Figure 8. Heat view map on the poster 

   

Figure 9. Heat view map on the poster 

 

Figures 10. Heat view map on the poster 

5. CONCLUSION 

Eye movement monitoring methods are 
increasingly being used in various fields. Apart 
from its application in medicine, the monitoring of 
eye movements is researched, for example, in 
the areas of software development, teaching and 
marketing research [11-13]. Measurement that 
does not interfere with the user's eye or 
perception gives objective results. 

The data obtained during the research can be 
used to improve the ergonomics and user 
experience of a product. This paper presented a 
pilot project of an application of eye movement 
monitoring devices in the teaching process of 
engineering students. The goal of the project was 
for students to improve the design of their posters 
and applications based on the trajectory and heat 
map analysis, to increase their understanding of 
how users think, and perhaps use the application 
in a completely different way than they had 
originally planned as developers. 

In terms of feedback on the use of websites or 
applications, the designers, in this case, the 
students at Subotica Tech, gain information on 
where their site visitors are looking, how long 
they would spend looking; what item their focus 
shifts to; what interface areas they avoid 
completely; how navigation on a given website 
works; where certain items should be placed in 
order to gain maximum attention. It must be 
remembered that users typically do not spend 
more than 10-20 seconds on a given website 
item. 

The main advantage of implementing this eye 
movement tracking equipment in regular 
education is that they provide students with a 
valuable learning experience through objective 
feedback which will ultimately contribute to the 
quality of their future work as programmers and 
web designers. 
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