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Abstract

Relevance: Eye tracking, understood as a method for recording eye movements, gaze fixations, and selected
oculomotor parameters, is now widely recognized as an important tool for investigating visual attention and cognitive
processing. This article outlines the development of the method from pioneering studies of reading and visual perception
to its contemporary interdisciplinary applications. Particular attention is paid to the use of eye tracking in education,
especially in research on learning from text, images, and multimedia materials, in studies of expertise, and in the diagnosis
of students’ cognitive difficulties. A brief section was devoted to presenting selected works by the interdisciplinary
Cognitive Didactics Research Group, established by the author at the Pedagogical University of Krakdw.

Purpose: to analyze the development of eye tracking as a method for studying eye movements and to determine
its significance and potential applications in educational research, particularly for investigating the cognitive processes of
pupils and students.

Methods: theoretical analysis of scientific sources on eye-tracking issues, generalization of contemporary studies
in the field of education, and presentation of the results of empirical studies conducted by the Research Group on Cognitive
Didactics, which applied oculography, electroencephalography, heart rate variability analysis, and other non-invasive
methods.

Results: it was found that eye tracking is an effective tool for investigating visual attention, cognitive strategies,
and information-processing methods during learning. The method makes it possible to analyze how students read texts,
interpret graphs, images, video materials, and solve tasks. Differences between expert and novice strategies were identified,
as well as the possibility of diagnosing cognitive difficulties and the nepcnexTuBHicTh 0f Using eye tracking for designing
effective learning materials and supporting the educational process.

Conclusions: eye tracking occupies an important place among modern methods for researching educational and
cognitive processes, as it allows the study not only of learning outcomes but also of the course of thinking activity.
Combining eye tracking with other diagnostic methods contributes to a deeper understanding of learning processes and
opens broad prospects for improving pedagogical practice and educational theory.

Keywords: eye tracking, education, neurodidactics, oculography.

Introduction. Investments in the quality of
education are among the most cost-effective public
investments, as even a moderate improvement in
learning outcomes translates, in the long term, into
increased productivity and prosperity (Hanushek &
Woessmann, 2015). If we wish to genuinely improve
the quality of education, we must ensure the quality
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of teacher training. The modern teacher should be
familiar with the basic principles governing cognitive
processes, attention and memory, and understand the
limitations and possibilities arising from the
neurobiological determinants of learning.

In this context, increasing attention is being
paid to neurodidactics, an interdisciplinary
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perspective that brings together didactics, cognitive
psychology, and neuroscience. One of the principal
popularizers of this approach is widely considered to
be the German mathematician Gerhard Preiss, who
developed the concept of neurodidactics at the turn of
the 1980s and 1990s (Friedrich & Preiss, 2003). In
Poland, these issues began to gain clearer visibility
toward the end of the twentieth century (Btasiak,
1996).

Recent decades have witnessed the rapid
development of non-invasive methods for studying
the brain. The most important of these include
electroencephalography (EEG), functional magnetic
resonance imaging (fMRI), structural magnetic
resonance imaging (MRI), magnetoencephalography
(MEG), and functional near-infrared spectroscopy
(FNIRS). These techniques make it possible to
investigate,  respectively, electrical  activity,
hemodynamic processes, and brain structure, and
they now constitute the basic toolkit of modern
neuroimaging (Yen et al., 2023).

Within this broader context, eye tracking
occupies a distinctive position. It is not a technique
for measuring brain activity directly, but rather a tool
for recording visual behavior, from which one may
infer the dynamics of attention, cognitive strategies,
and modes of information processing. In research
practice, it therefore serves as a particularly valuable
complement to neurocognitive studies, especially
where perception and problem solving must be
examined under relatively natural conditions.

Purpose: to analyze the development of eye
tracking as a method for studying eye movements
and to determine its significance and potential
applications in educational research, particularly for
investigating the cognitive processes of pupils and
students.

Methods: theoretical analysis of scientific
sources on eye-tracking issues, generalization of
contemporary studies in the field of education, and
presentation of the results of empirical studies
conducted by the Research Group on Cognitive
Didactics, which applied oculography,
electroencephalography, heart rate variability
analysis, and other non-invasive methods.

Sources. A Brief History of Eye Tracking.
Eye tracking, that is, the recording of eye
movements and gaze-fixation points, is now one of
the key methods for studying visual attention,
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perception, and cognition. The origins of this field
date back to the nineteenth century, when
researchers began to ask whether the eye moves
smoothly during observation or instead performs
rapid jumps separated by brief stops. Louis Emile
Javal is regarded as one of the pioneers of this line
of research: as early as 1879, he described the
discontinuous character of eye movements during
reading. These observations laid the foundations for
later studies of vision and text processing (Wade &
Tatler, 2011; Tatler et al., 2010).

A major contribution to the development of
the field was made by Edmund B. Huey, who
constructed one of the first devices capable of
tracking eye movements during reading. His studies
were groundbreaking because they showed that the
analysis of eye movements could provide insight not
only into the act of seeing itself, but also into text
comprehension and the unfolding of cognitive
processes (Huey, 1908; Hessels et al., 2025).

Another important stage is associated with
the work of Guy T. Buswell, who analyzed the ways
in which people inspect pictures and demonstrated
that observers do not distribute their attention evenly
across the visual field, but instead concentrate on
selected elements. Equally influential were the
studies of Alfred L. Yarbus, who showed that eye
movements depend not only on the properties of the
stimulus itself, but also on the observer’s goal and
the task being performed. The same image may
therefore be viewed in strikingly different ways
depending on the cognitive intention guiding
observation (Tatler et al., 2010).

In the second half of the twentieth century,
eye tracking became an important method within
cognitive psychology. A particularly significant role
was played by Keith Rayner’s studies of reading,
which demonstrated that eye movements make it
possible to trace information processing almost in
real time (Rayner, 1998, 2009). As the technology
advanced, invasive techniques were gradually
replaced by modern remote systems that are more
accurate and much easier to use.

Today, eye tracking is an interdisciplinary
method wused in psychology, neuroscience,
linguistics, human-computer interaction, marketing,
medicine, and education. Researchers no longer
examine only fixations and saccades, but also time
to first fixation, scanpaths, regressions, and changes
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in pupil diameter. As a result, eye tracking has
become an important instrument for investigating

attentional mechanisms and cognitive strategies
(Hessels et al., 2025).

Fig. 1. Heat map of the author’s gaze fixations in Krakow’s Main Market Square.

Eye Tracking in Education. In recent years,
eye tracking has assumed particular importance in
educational research. Learning very often involves
selecting and organizing visual information: a student
reads a text, interprets a graph, analyzes an
illustration, watches a video, or integrates
information from several sources. Recording eye
movements therefore makes it possible to investigate
not only the outcome of learning, but also the course
of the cognitive process itself what the student looks
at, how long attention is sustained, and how gaze
shifts between different elements of the material
(Jarodzka et al., 2017).

One of the main areas of application of eye
tracking in education concerns research on learning
from text, images, and multimedia materials. Eye-
tracking data make it possible to determine whether
students attend to relevant elements, overlook
important information, or successfully integrate text
with an illustration, diagram, or graph. For this
reason, the method is particularly well suited to
studies of cognitive load and multimedia learning
(Alemdag & Cagiltay, 2018; Scheiter & Eitel, 2016).
Eye tracking is equally useful in analyses of learning
from video materials, where it enables researchers to
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examine the dynamics of visual attention during
viewing (Deng & Gao, 2022).

Second important area concerns research on
expertise. Comparisons between novice learners and
more advanced individuals show that experts identify
relevant information more quickly, attend less
frequently to secondary elements, and employ more
economical scanning strategies. This has clear
didactic significance, because it helps explain how
information processing changes as knowledge and
experience develop (Jarodzka et al., 2017).

Eye tracking is also used, at times, as a tool
for supporting learning. A good example is provided
by eye movement modelling examples, in which
students observe the material together with a
recording of an expert’s gaze path. Such solutions can
help direct attention toward the most relevant
elements and support the development of more
effective  cognitive strategies, although their
effectiveness depends on both the type of task and the
learner’s level of preparation (Jarodzka et al., 2013;
van Marlen et al., 2021).

Applications of eye tracking in the teaching of
mathematics, science, and technical subjects are
especially promising. The method makes it possible
to investigate how students read tasks, interpret
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graphs, diagrams, and equations, and integrate
different representations of knowledge. In this way, it
becomes possible to identify the points at which
cognitive difficulties arise and to design teaching
materials more effectively. Recent review studies
indicate that eye tracking is becoming an important
tool for investigating learning processes in science
education and, more broadly, for research on the
design of effective instruction (Chytry et al., 2025;
Téthova & Rusek, 2025).

At the same time, eye-tracking data require
cautious interpretation. The mere fact that a learner
looks at a given element does not in itself imply full
understanding. Eye tracking is therefore best treated
as a complementary method, to be combined with
achievement tests, interviews, analyses of students’
verbal statements, or think-aloud protocols. Despite
these limitations, it remains one of the most
promising tools in contemporary educational
research, because it opens access to processes that are
usually invisible to both teacher and researcher
(Jarodzka et al., 2017; Chytry et al., 2025).

Results and Discussion. From the
Experience of the Krakéw Research Team. In 2014,
I founded the Cognitive Didactics Research Group
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at one of the faculties of the Pedagogical University
of Krakdw. The group brought together computer
scientists, physicists, mathematicians, chemists,
biologists, and educators. We conducted research
using eye tracking, EEG, HRV, EDA, facial-
expression analysis, and other non-invasive
measurement techniques. Among these approaches,
oculography was used particularly extensively,
because it is relatively non-invasive, highly useful in
educational research, and well suited to analyzing
the work of pupils and students while solving tasks.
An example characteristic of this line of inquiry is
presented below.

Fig. 2 presents the distribution of a
participant’s gaze fixations while solving the
following problem: “A pond is becoming overgrown
with duckweed. Every two days, its surface area
doubles. The entire pond was covered within 64
days. After how many days was one quarter of the
pond covered?” This is one of many examples
among hundreds of recorded eye trajectories
registered during task analysis and decision-making.
It can be clearly seen which elements of the problem
statement required greater attention.

Fig. 2. Gaze fixations and scanpaths recorded while solving the duckweed-overgrowing-the-pond
problem.
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One of the inspirations for initiating eye-
tracking studies was the work of Adrian Madsen and
his collaborators on differences between experts and
novices in problem solving. The Krakow research
team subsequently undertook numerous projects on
strategies for solving tasks in mathematics, physics,
and computer science, on the analysis of visual
representations, and on changes in pupil diameter
and other oculomotor parameters during the reading
and interpretation of educational materials.

An important feature of this work was the
integration of didactic, cognitive, and experimental
perspectives, which made it possible to treat eye
tracking not merely as a technical instrument, but as
a method for investigating the actual thinking
strategies of pupils and students (Blasiak et al.,
2013, 2015). Traditional methods such as tests,
questionnaires, or interviews usually capture only
the final outcome of a student’s activity, whereas
eye tracking makes it possible to analyze the process
of perception and information processing itself.

A particularly important line of research
concerned the solution of tasks requiring the
analysis of a drawing, diagram, or other graphical
representation. The results showed that oculography
makes it possible to distinguish between expert and
novice strategies and to identify the moments at
which cognitive difficulties emerge. Through the
analysis of fixations, saccades, and scanpaths, it

becomes possible to determine whether a student is
focusing on relevant data or whether attention is
being diverted by secondary elements (Rozek et al.,
2014).

Another interesting area of research
conducted in the Krakow group involved the
analysis of how algorithms presented in the form of
flowcharts and pseudocode are read. It was shown
that the form of representation influences both the
course of visual attention and the effectiveness of
task solving. The results confirmed that the formal
notation typical of programming languages may
constitute a practical cognitive barrier even in
relatively simple tasks, especially when students
have not yet developed appropriate strategies for
analyzing the material (Andrzejewska et al., 2016).

A further important line of research
concerned the perceived usefulness of physics
formulas. In co-authored studies, we analyzed how
students assessed the importance of selected
formulas and how these declarations related to the
actual course of their visual attention. The use of eye
tracking made it possible to show that students’
subjective opinions are not always consistent with
their actual cognitive processing (Peczkowski &
Btasiak, 2017). Fig. 3 shows the visual eye
trajectories of a student answering the following
question: “Choose those formulas that, in your
opinion, will be useful to you in life.”

Ponizej podano kilka wzorow z fizyki
Kliknigciom myszki wybierz to.wzory,
kidre TWOIM ZDANIEM
boda Cl przydatnesw 2yciu
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Fig. 3. Gaze fixations and scanpaths recorded while selecting the formulas that the student
considered useful
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Experiments were also conducted on
selected oculomotor parameters and changes in
pupil diameter during reading. In a study involving
individuals aged 8 to 79 years, fixation times and
parameters of saccadic movements were examined,
among other variables. These studies broaden the
educational applications of eye tracking by adding a
developmental and biometric perspective, showing
that gaze analysis may be useful not only for
investigating problem-solving strategies, but also
for diagnosing perceptual conditions associated with
age (Kazubowski & Btasiak, 2021).

Members of this research group emphasized
the need to integrate eye-tracking data with broader
didactic, psychological, and subject-specific
reflection. In this way, eye tracking became not only
a measurement technique, but also a tool for a deeper
understanding of the processes of learning and
teaching in mathematics and science education
(Stolinska et al., 2014).

Conclusion. Eye tracking now holds an
established place among the methods used to
investigate cognitive and educational processes. Its
development from the first observations of eye
movements in the nineteenth century to
contemporary high-precision eye-tracking systems

clearly shows that gaze analysis can provide
valuable information about attention, cognitive
strategies, and modes of information processing. In
education, this method makes it possible to
understand more fully how students read, analyze
graphs, interpret illustrations, and solve problem-
based tasks.

The particular value of eye tracking lies in
the fact that it makes it possible to investigate not
only the outcomes of learning, but also the course of
the cognitive process itself. In this way, it can
support both theoretical research and educational
practice, especially in the design of educational
materials and in the diagnosis of students’
difficulties.

The studies discussed here show that
oculography can be effectively applied to the
analysis of problem-solving strategies, to the ways
in which visual representations are read, and to the
cognitive determinants of learning. It may therefore
be concluded that eye tracking remains one of the

most promising methods in  contemporary
educational research, and that its further
development may significantly enrich both

educational theory and teaching practice.
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Pedepar:

AxmyansHicms. AR-TPEKIHT, IO PO3YMIETHCA K METOJ 3alHCy PyXiB o4eid, ¢ikcamii morisay Ta BUOpaHUX
OKYJIOMOTOPHUX TTapaMeTpiB, HUHI IIHPOKO BH3HAETHCS BAKIMBUM IHCTPYMEHTOM TSI OCIIDKEHHS 30pOBOi yBaru Ta
KOTHITUBHHX TPOLIECiB. Y CTaTTi OKPECICHO PO3BUTOK LOTO METOAY  BiJ MIOHEPCHKUX NOCTIIKCHb YMTAHHS Ta
30pOBOTO CHOPUHHATTSA 1O HOro Cy4acHHX MDKAMCHHUIDIIHAPDHUX 3acTocyBaHb. (OcoOnuBY yBary mpuziieHO
BUKOPHCTAHHIO ail-TPeKiHry B OCBITi, 30KpeMa B JOCHIKEHHSX HaBYaHHS 32 TEKCTaMH, 300paXeHHAMU Ta
MYyJbTUMENIMHAMU MartepiallaMi, y BHUBYCHHI €KCIIEPTHOCTi, a TaKOX Y MJIarHOCTHIII KOTHITUBHUX TpPYIHOIIIB
ctyneHTtiB. OKpeMuil po3.Iiji IPUCBIYCHO MPEICTABICHHIO BUOPAHUX TPallh MiXIUCIUILTIHAPHOT Jl0CTI IHUIIBKOT TPy TN
3 KOTHITHBHOI TUJAKTHUKH, CTBOpEHOi aBTOpoM Yy llenaroriunomy yHiBepcureti Kpakosa.

Mema: mpoaHami3yBaTH pPO3BUTOK al-TPEKIHTY SIK METOMY IOCTI/DKEHHS PYyXiB O4eld Ta BHU3HAYUTH HOTO
3HAYCHHSI 1 MOXJIMBOCTI 3aCTOCYBAHHS B OCBITHIX JTOCIIPKEHHSX, 30KpeMa JIJIsl BUBYCHHSI KOTHITUBHUX MPOIIECIB YUHIB
1 CTy/IeHTIB.

Memoou: TeopeTHUHWI aHali3 HAYKOBUX IDKEped 3 MPOOIeMaTHUKW al-TPEeKiHTY, y3arallbHEHHsS Cy4YacHUX
JOCHI/KEHb y cdepi OCBITH, a TAKOXK MPEICTABICHHS Pe3ybTaTiB eMITIPUYHUAX JOCIiIKeHb JJOCTiAHUIBKOI TpynH 3
KOTHITUBHOI JMIAKTHKH, Y SKUX 3aCTOCOBYBaIHCS OKynorpadis, emekrpoeHuedanorpadis, aHami3z BapiadeIbHOCTI
CEepIIeBOTO PUTMY Ta iHIII HeIHBa3WBHI METOIH.

Pe3zynomamu: BCTaHOBIEHO, O al-TPEKIHT € eEeKTUBHUM 1HCTPYMEHTOM IS AOCHIKEHHS 30POBOI yBarw,
KOTHITUBHHX CTpaTerii i crioco0iB 00poOku iHdopmariii mij yac HaB4aHHs. MeTO/ ae 3MOTy aHaJli3yBaTH, SIK CTYICHTH
YUTAIOTh TEKCTH, IHTEPHPETYIOTh Tpadikd, 300pakeHHs, BilleoMarepiaii Ta pO3B’A3yIOTh 3adadi. BussieHo
BIIMIHHOCTI MK CTpAaTerisiMH €KCIIEPTiB i HOBAYKiB, MOXKIUBICTh JTIaTHOCTHKH KOTHITHBHHUX TPY/IHOIIIB, a TaKOX
MEPCHEKTHBHICTh BUKOPUCTAHHS ali-TPEKIiHTY il MPOEKTYBaHHS €(EKTHBHUX HABYAIBHUX MaTepialliB i MiATPHUMKH
HaBYaJIBHOTO IPOIIECY.

Bucnoexu: aif-TpekiHT TIocizia€ BaXKJINBE MICIE cepell CYYaCHUX METOIB JTOCIIPKEHHS OCBITHIX 1 KOTHITUBHUX
MPOIIECiB, OCKIJIbKH JI03BOJISIE BUBYATH HE JIMIIE pe3yJbTaTH HABYAHHS, a W Mepedir MHUCICHHEBOI JiSTBHOCTI.
[NoeananHs ali-TpeKiHry 3 IHIIMMH METOJAMHU JIIarHOCTUKHU CIPHSE TIIMONIOMY PO3YMIHHIO MPOIECiB HABUAHHS Ta
BIJIKpUBAE IMPOKI MEPCIEKTUBH JJIsl BAOCKOHAJICHHS NeJaroriyHol MpakTHKK i OCBITHBOI Teopii.

Kuarouogi ciioBa: aii-mpexine, oceima, Heupooudaxmuxa, oxynoepagis.
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