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One of the basic objectives of education is the intellectual
development of children and young people, allowing them
to prepare, among others, to be able to solve problems in
various areas of life. This aspiration has been expressed
during the recent works on the reform of education in
Poland and in the core curriculum, which was approved
in February 2017. It was highlighted there that IT edu-
cation offers a wide range of possibilities to achieve this
goal, and the appropriate means for its accomplishment
is teaching programming, understood not only as learning
how to write a code, but as a process of acquiring the IT
approach skills to solve problems. Such understanding of
IT education is not new, for many years researches have
been indicating the importance of educating this special
way of reasoning, which is called computational think-
ing. It is well-known, however, that learning algorithms
and programming bring some difficulties for students at
different ages. Therefore, a number of studies have been
undertaken, whose aim is not only to identify the causes of
these difficulties, but also to optimize the learning process
by selecting appropriate teaching strategies. With that
aim in mind, researchers seek for new techniques that
would expand the knowledge about how brain works and
allow the insight into the neurobiological aspects of the
learning processes.

Introduction

Computational thinking is not as much associated
with the ability to use ready-made algorithms, as with
the use of certain procedures during the discovery
of solutions to specific problems. The new core cur-
riculum (effective since 2017) assumes that within
the framework of computer science subject students
will acquire the ability to analyze and solve problems
in a strict, orderly manner, while maintaining the
algorithmic rules of conduct — from the specification
of a problem (specifying data and results and more
generally — to solving the problem), by finding and
developing a solution, programming the solution,
testing its correctness and making possible adjust-
ments by using a properly selected application or
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programming language (Reg. MEN, Journal. from
2017, item 356, vol. 1). Importantly, this algorithmic
way of thinking, which Futschek (2006, pp. 159-168)
wrote about, seems to be an intermediate step to
achieve computational thinking skills, in which the
fundamental concepts for computer science are used
to solve problems, design systems, and even help
with the understanding of human behavior (Wing,
2006, pp. 35-36).

Teaching algorithmics may be one of the first steps
necessary to educate an IT approach in students, in
order to solve problems they encounter in different
life situations. However, many studies show that not
only the creation of new algorithms, but also the
analysis of ready-made solutions and their imple-
mentation in a programming language are difficult
tasks for students (Mostrém, 2011, p. 7; Govender,
2006, p. 28).

The variety of problems connected with teaching
algorithmics and programming (resulting both from
their universality and scope) prompts to use new
research techniques, appropriate for cognitive sci-
ences, so that the analysis of cognitive processes (e.g.
observational processes, including visual attention
or cognitive load) would allow to find causes that
prevent or hinder the acquisition of programming
skills. One of such methods, which in the recent
years has been more and more often applied in re-
search projects analyzing the process of expanding
knowledge, is eye tracking — a technique involving
the registration of visual activity (Lai et al., 2013).

Research conducted using eye tracking, which may
apply to teaching programming, focus primarily on
the mechanisms of program code analysis. Research-
ers most often show interest in the exploration of
processes that occur during programmers’ activi-
ties such as code editing (reading and writing), its
compilation and debugging. The studies conducted
by Crosby and Stelovsky (1990), in which they com-
pared the eye tracking data of novices and advanced
programmers, and whose aim was to check how the
experience affects the patterns of processing the
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code (code scanning patterns) during its interpretation,
can be considered pioneering. Behavior patterns
during the code analysis were also investigated by
Uwano et al. (2006). They noticed that when search-
ing for errors in most of the surveyed programs, the
majority of respondents first pre-read the entire code
(probably in order to understand the structure of
the program), and only then their focus was placed
on the selected parts of the program. Moreover,
the time spent on this initial code scanning had an
impact on the effectiveness of error detection. The
studies conducted by Sharif et al. (2012) have led to
similar conclusions and additionally they have shown
that the time spent affects the visual effort (meas-
ured by the number and time of fixation) needed
to indicate errors. Furthermore, they observed that
the experienced programmers devoted less time, as
compared to the novices, to pre-scan the program
before searching for actual errors. Continuing the
research on these issues, Busjan et al. (2015) showed
that the analysis of a program content is a non-linear
procedure, and experts read the code in a less linear
way than novices. In turn, Bednarik and Tukianinen
(2006) recorded the oculomotor activity of students
during the analysis of Java language codes in the
programming environment, which provided, apart
from the code editing tools, the visualization of
its execution. The aim of this experiment was to
examine the dynamics of student interaction with
various forms of program representation during
its analysis (understanding of the operation) and
to compare whether these processes are similar in
people with different levels of experience. The results
of eye tracking studies also show that the process of
reading the source code of a program is fundamen-
tally different from reading a natural language text,
however, these discrepancies are less apparent if the
program code becomes similar to the text written in
natural language (Busjan et al., 2011; Binkley et al.,
2013). There were also studies conducted to answer
the question: how code formatting, including syntax
coloring affects the efficiency of its analysis (e.g.
searching for syntactic errors) and its understand-
ing (e.g. determining the result of the program). It
was found that the appropriate spatial structure of
the source code allows for its faster understanding,
regardless of the style of naming the identifiers
(Binkley et al., 2013). It was observed that syntax
coloring shortens the task execution time (Dimitri,
2015) and it was found that this effect decreases with
the increase in the level of programming experience
(Sarkar, 2015).

So far there are only few publications on the
research of mechanisms for solving algorithmic prob-
lems with the use of eye tracking as a research tech-
nique (Andrzejewska et al., 2016). The enrichment of
knowledge in this area seems to be very necessary,
because the lack of control over competences related
to the representation and construction of algorithms
is widely recognized as the primary cause of difficul-
ties associated with programming learning (Gomes

and Mendes, 2007). Conducting research in this area
is also a response to the demands contained in the
already cited study by Lai et al. (2013), whose authors
emphasize that educational issues such as reasoning
and skills acquisition, still require exploration.

The article presents the results of authors’ own
research, in which the state of declarative and pro-
cedural knowledge of students, associated with the
forms of presentation and analysis of algorithms, was
diagnosed. In the study procedure, the eye tracking
technique was used as a complementary to the tra-
ditional methods, by means of which the students’
oculomotor activity was recorded while they were
solving some algorithmic tasks. Detailed results of this
part of the experiment have been described in some
other authors’ publications listed in references. In
this article, the most important results of eye tracking
studies were synthesized in order to comprehensively
describe the visual “behaviors” of the subjects, and
thus show that the eye tracking technique can be use-
ful in research on mechanisms for solving algorithmic
problems.

Research methodology

Aims and scope of the study

The aim of the undertaken study was to diagnose
the state of declarative and procedural knowledge
of students associated with the forms of presenta-
tion and analysis of algorithms. The study involved
the following:

a) diagnosis of knowledge (declarative) of stu-
dents on the graphic representation of algorit-
hms in the form of so-called flowcharts based
on the questionnaire,

b) two-stage study of students’ procedural kno-
wledge, consisting in checking their ability
to solve algorithmic tasks. In the first stage,
students’ eye movements were recorded while
they were working on a computer monitor, the
second consisted of students solving paper-
based tasks.

Declarative knowledge is understood as self-es-
teem formulated by students, referring to the state
of understanding the construction of algorithms and
components of a flowchart. Procedural knowledge
is revealed by behaviors — in this case it involves the
ability to solve algorithmic tasks.

The use of eye tracking technique in one of the
study stages was aimed at obtaining measurement
data which relate to the visual activity of the subjects,
based on which an in-depth analysis of students’
behavior during problem solving was performed
(diagnosis of procedural knowledge).

Procedure

Each study was conducted individually and the
procedure involved three stages. In the first stage,
students had discussions with the members of the
research team, during which they were informed
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about the course of the experiment. The aim of these
conversations was also to reduce the level of stress,
trigger positive attitudes among the respondents and
motivate them to engage in the process of solving
tasks. After the initial conversation, the students
filled out a questionnaire in which they assessed
the state of their knowledge about the algorithms
presented in a form of flowcharts and indicated the
source of this information.

The second stage of the study was recorded by
an eye tracker and included solving tasks presented
on a computer monitor. This part of the experiment
began with activities that were to ensure the correct
performance of the measurements (including setting
position of a responder), providing the introduc-
tory instructions and the calibration of the device.
Throughout the study, all the responders were
provided with the same environmental conditions,
such as lighting, temperature and sound insulation.
During the second stage of the study, the tasks were
presented in the form of slides (in the field of sci-
ences and natural sciences: mathematics, physics,
biology and computer science), which the students
were to solve without the use of writing instruments.
Each task required the analysis of the content of the
instruction and the corresponding illustration. The
time allocated for solving tasks was not limited,
each pupil worked at their own pace and the order
of tasks was the same. The respondents indicated
the answers with the click of a mouse and verbally
provided the ones, which according to them were
correct. All the tasks required computational thinking
from the students, however, for the purposes of this
article only those that are classic algorithmic tasks
are considered.

Figure 1. The ALG_A task — flowchart version*

During the third stage of the study, which took place
after the registration of eye tracking parameters, the
students completed the questionnaire again and solved
algorithmic tasks in a traditional form (in writing). Such
order of research was connected with the need to
minimize the impact of factors that could increase the
cognitive load affecting the eye tracking indicators.

Material

The ALG_A task presented in figure 1 was solved
by the students during the third stage of the ex-
periment in a traditional way, using pen and paper.
When determining the result, they could choose
one of three ways to present it — a list of steps,
a pseudocode or a flowchart. The task consisted in
calculating the final value of the variable based on
the analysis of the course of a loop in which this
variable was modified.

The ALG_O1 (see figure 2) and ALG_O2 (see fig-
ure 3) tasks were displayed to the students on the
monitor and during that time the visual activity of the
study participants was recorded (the second stage).
From the content of the task instruction, ALG_O1,
students could read that through the analysis of the
algorithm presented in the flowchart, they should
indicate which set of input data will cause the algo-
rithm not to end on the Stop block. The ALG_02 task
required the correct representation of the linear equa-
tion solution ax + b = 0 by the means of a flowchart.
The instruction contained an analysis of the problem,
so the task was to verify the correctness of the con-
ditions stored in the appropriate blocks (conditional
boxes). The ALG_O1 and ALG_0O2 tasks were solved
by students in black and white or color version (with
so-called graphic clues).

Xi=X+5
ni=n-1

* In figures 1, 2 and 3 the tasks are described in Polish because this is exactly how they were presented to the students.

Source: authors’ findings.
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Figure 2. The ALG_O1 task - version with graphic clues

Ktéry zestaw danych wejsciowych spowoduje, ze algorytm przedstawiony na schemacie
nie zakonczy sie na bloku korncowym Stop? Poprawna moze by¢ wiecej niz jedna odpowiedz.

Legenda

+ dodawanie

A B

x=10,y=-10 x=100,y=-1

*  mnozenie

| dzielenie

= rowny

>= wiekszy lub rowny

Cc D.
x=-10,y=-10

Source: authors’ findings.

Figure 3. The ALG_02 task — version with graphic clues

Problem: rozwiaz rownanie postaci ax+b=0.
Analiza problemu:
a=0 i b=0 - nieskorczenie wiele rozwigzan

a=0 i b ¥ 0 — réwnanie sprzeczne

a ¥ 0 - istnieje jedno rozwigzanie: x = -bla

TAK NIE
 — rémmani sprzectne
(Swp )

W ktérym z wyrdznionych kolorami blokow warunkowych nalezy dokonaé zmiany, aby
rozwigzanie przedstawione na schemacie bylo zgodne z analizg problemu?

Source: authors’ findings.

Apparatus

In the study the SensoMotoric Instruments iViewX
"™Hi-Speed500/1250 eye tracker to record data at 500
Hz was used. This eye tracking system allows to keep
the head still, without limiting the respondent’s field
of vision. The tasks were presented on an LCD moni-
tor with a screen size of 23” and full HD resolution

of 1920x1080 pixels. The experiment was conducted
using the SMI Experiment Suite™ 360 software pack-
age — the research scheme was designed in the SMI
Experiment Center™ 3.4 application. The data regis-
tration was performed with the use of the SMI iView
X™module, and the results were developed using the
SMI BeGaze™ 2.4 program.
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Participants

52 third-grade secondary school students (aged
16) participated in all stages of the study, including
27 boys and 25 girls. For technical reasons, the eye
data of 4 students was rejected and eventually 48
students were qualified for further analysis. The char-
acteristics of the research group is complemented by
the students’ answers to the questions included in
the questionnaire. The opinions analyzed below were
expressed on the basis of an 11-point scale (from 0 to
10, where 0 meant very low and 10 very high). The stu-
dents assessed their interest in IT as a school subject
at an average level (the calculated descriptive statistics
are: average M=5.83, standard deviation SD=2.93),
with over 10% of respondents considering this level
as low, over 50% as medium and almost 38% as high.
The participants of the study were also asked whether
they plan to choose a profession which will require the
knowledge in the field of computer science. About 27%
of respondents rated the probability of choosing such
a profession as low, over 35% as medium, and almost
38% as high (M=5.42, SD=3.44). In the opinion of 4%
of the respondents, IT is useful for the society at a low
level, over 29% considers its usefulness as average,
and 67% assesses it as high (M=7.73, SD=2.38). The
results show that the students who took part in the
experiment not only recognize the importance that
information technology has for the development of
societies, but also relatively many of them consider
the possibility of acquiring professional qualifications
related to this field.

Resvults

Declarative understanding of the presentation forms
of algorithmic tasks and the effectiveness of their
solutions

In the first stage of the questionnaire the students
read the information about the graphical presenta-
tion of the algorithm, the so-called flowcharts. This
information contained a description of the purpose
(function) of individual types of blocks and an example
of their use. After reading the discussed description
the students declared whether they are familiar with

Table 1. Source of knowledge about flowcharts

such way of representing the algorithms. For over 36%
of students the principles of constructing flowcharts
were completely understandable and over 63% of
students declared that they understood them only
partially and needed further explanations, including
an example of such algorithm.

Indicating the source of their knowledge in this
area, nearly 74% of respondents answered that they
had become familiar with flowcharts in computer
science lessons. However, a very large percentage of
students (almost a quarter of them — 24%) admitted
that they have not heard of this way of presenting
a solution to the task, which is a worrying sign of the
lack of such content implementation by teachers, as
flowcharts are and have been part of the fundamental
curriculum for computer science subject in secondary
high schools. Detailed data is included in table 1.

The second and third stages of the study allowed
to determine the procedural knowledge of students.
The algorithmic ALG_A task in the questionnaire (the
third stage of the study) has been presented in three
corresponding forms: a list of steps, a flowchart and
a pseudocode. At first, the students declared which
of the recording methods is the most understand-
able for them (table 2), and then made a selection
of one of these forms to determine the result of the
algorithm for a given input value. The largest number
of respondents (60%) considered the presentation of
the algorithm in the form of the verbal list of steps as
the most comprehensible, the flowchart or the pseu-
docode were indicated by about 15% of respondents,
and for 10% of them all the methods were equally
understandable. However, the distribution of re-
sponses related to the choice of a specific form of the
algorithm presentation in order to solve the problem
was different — almost 43% of the respondents made
calculations based on the list of steps, 33% chose the
flowchart and 24% chose the pseudocode.

In total, the percentage of correct answers was
27% (table 3), the other students either answered
incorrectly (25%) or did not provide the answer (48%).
The most correct answers (nearly 38%) were given by
students who solved a task presented in the form of
alist of steps. The level of difficulty of the task can be
considered as corresponding to the standard adopted

Information about flowcharts is for me: Number % of answers % of cases
known from IT lessons 34 53.97 73.91
known from math’s lessons 6 9.52 13.04
known., because I'm interested in programming and have read 9 14.29 19.57
about it on the Internet
known, because I'm interested in programming and have read

. . 3 4.76 6.52
about it in magazines and books
unknpwn — I have not heard about this method of presenting the 1 17.46 23.91
solution to the task
Total 63 100.00 136.96

Source: authors’ findings.
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Table 2. The students’ preferred form of the algorithm presentation

The most understandable form of presentation of the algorithm: Number % of answers
a list of steps 29 60.42
a flowchart 7 14.58
a pseudocode 7 14.58
all methods of presentation are equally understandable 5 10.42
none of the methods is understandable to me 0 0.00
Source: authors’ findings.
Table 3. Effectiveness of the ALG_A task solution
Total List of steps Flowchart Pseudocode
Task solution:
Number % ans. Number % ans. Number % ans. Number % ans.
correct 13 27.08 7 38.89 2 14.29 3 30.00
incorrect 12 25.00 6 33.33 5 35.71 1 10.00
no answer 23 47.92 5 27.78 7 50.00 6 60.00

Source: authors’ findings.

by the Central Examination Board (the comparison
was made with the algorithmic task included in the
extramural examination for persons who graduate in
computer science at junior secondary school level).
The obtained results (low effectiveness of solving the
task) provide the basis for the formulation of an obser-
vation that the change in presenting students with IT
knowledge is essential — the more so that according
to the new core curriculum of computer science and
its learning outcomes, such a task should be classified
as very easy, even elementary.

As in the case of the ALG_A task, the solution of
algorithmic tasks during testing with the use of the
eye tracker (the second stage of research) was difficult
for the students. The indicator of the correct answers
for these tasks was calculated after taking into account
the factor, which was the confirmation of the fact that
the answer provided by them was accidental (they did
not understand the task) — in the case of the ALG_O1
task 27% admitted that, whereas with the ALG_0O2 task
the number was 44% of students. The percentage of
correct answers was 25% for the ALG_O1 task, and
almost 38% for the ALG_0O2 task.

In the questionnaire, the students also assessed the
level of difficulty of the tasks being solved (based on
the 11-point scale —from 0 to 10, where 0 —very easy,
10 — very difficult). Analyzed algorithmic tasks were
classified by students as moderately difficult —ALG_O1
M=5.38, SD=2.69 and difficult — ALG_02 M=6.35,
SD=2.89. A detailed breakdown of the assessment
of the difficulty level of tasks performed by students
is presented in table 4. It is worth noting that among
all the tasks solved by students during this study,
both algorithmic tasks obtained the highest average
values, i.e. they were considered the most difficult
(Andrzejewska and Stolinska, 2016, p. 6).

Synthesis of eye tracking resulis

The data obtained as a result of registration of stu-
dents’ visual activity during solving the ALG_O1 and
ALG_02 tasks (the second stage of the study) allowed
for a further, in-depth analysis of the respondents’
behavior during this process.

In the last few years, eye tracking studies have
been increasingly recognized as a valuable research
technique. On the one hand, they provide quantita-

Table 4. Assessment of the level of difficulty of tasks ALG_O1 and ALG_02

ALG_O1 ALG_02
The level of task difficulty - =
Number % Number %

very easy 4 8.33 2 4.17
easy 12 25.00 8 16.67
moderately difficult 10 20.83 10 20.83
difficult 17 35.42 15 31.25
very difficult 5 10.42 13 27.08

Source: authors’ findings.
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tive data related to the measurement of oculomotor
parameters (such as, for example, saccades and fixa-
tions), for which statistical inference can be made; on
the other hand, they allow for the qualitative assess-
ment of results based on respondents’ pathways of
sight (scan paths) and animated films of the points in
which the respondent’s eyesight (bee swarm) is located.
In addition, the separation of the so-called areas of
interest (AOI), together with their key indicators, allows
a detailed analysis of the visual activity of the respond-
ers. These indicators are, for example: the time that
the respondents spent on observing a given area (dwell
time) expressed as a percentage of the duration of the
whole experiment, the number of fixations (fixation
count), their average duration (the average fixation
duration), or the number of (re-)fixations (revisits), as
well as the time that elapses until the first fixation in
a given area (time to first fixation) and the associated
parameter indicating in which order the particular
areas of interest were observed (sequence).

The analysis of film materials, which was supple-
mented by statistical calculations of numerical data,
related to the visual activity in the AOIs marked on
the boards enabled, in the case of the ALG_O2 task,
to recognize and interpret the differences in the way
the problem was solved by two selected students
who obtained the correct answers (Stolinska and
Andrzejewska, 2017b). The study showed different
allocations of attention resources, whereas their track-
ing enabled the identification of a strategy that can
be described as optimal, characterized by a focus of
attention on the key content of the algorithm, and the
control detailed analysis of the problem and multiple
verification of compliance of the adopted solutions
with the content of the task.

Similarly, in the case of the ALG_O1 task, based on
the analysis of the scan paths, it was possible to iden-
tify the behavior of students who provided the correct
answer and their classification into three groups (An-
drzejewska and Stolinska, 2017). The students were
divided to those who solved the task in accordance
with the control resulting from conditional blocks
and those who correctly indicated the answer, but
mistakenly analyzed the algorithm. The third group
were the respondents with “atypical” visual activity. It
was also noticed that students much more frequently
than needed, in the situation of solving tasks with the
possibility of making calculations on a piece of paper,
controlled the input data to the algorithm. In addition,
the eye tracking data allowed for the detection of
students who, despite providing the correct answer,
made mistakes at the stage of performing mathemati-
cal operations and those who did not read the text
instructions to the task.

For both tasks, the oculomotor data were subject
to quantitative analysis in order to examine the dif-
ferences in the basic values of the eye parameters
for the two versions of the task (with or without ad-
ditional graphic instructions). The aim of this analysis
was to verify the views on the didactic role of such
guidance also in the context of cognitive load theory

(Stolinska and Andrzejewska, 2017a), which takes
place in the process of learning programming. The
issues related to cognitive load occurring during solv-
ing of algorithmic tasks — both internal (depending on
individual properties — people’s intellectual potential,
their experience and other factors), as well as external
ones are one of the interesting trends in the area of
discussed scope of subjects. Difficulty in solving algo-
rithmic tasks may increase the form of the presented
algorithm, redundancy of information, the necessity
of structuring information or making decisions with
regard to the selection of content provided as a hint
in the task (Garner, 2002; Stolinska and Andrzejewska,
2017a).

In the case of the ALG_O2 task, there were no
significant differences in the values of the eye move-
ment activity associated with the fixations for the
two versions of this task. The result could have been
influenced by the form of the hints used, which in
this task were discreet in nature and neither encum-
ber the cognitive resources of the respondents nor
disturb the process of processing visual information.
This result confirms the view of some researchers
(Ozcelik et al., 2009) that the changes in the field of
view, such as coloring or bolding the text, belong to
a group of hints that cause an automatic orientation
reflex in their direction. Thus, one can interpret the
lack of differences in the average fixation duration
and fixation count in the flowchart area in the case
of the ALG_O1 task (Stolinska and Andrzejewska,
2017a) — coloring of fragments of texts in this case
was not a sufficiently significant factor affecting the
cognitive processes of the respondents. The positive
effect of directing students’ visual attention on key
elements of the board, as in the case of the ALG_02
task accompanied by the hints, also confirmed a slight
shortening of its execution time and a higher percent-
age of the correct answers.

The analysis of the eye tracking data in the ALG_O1
task did not show that the graphic distractors attached
to the task were elements significantly increasing the
external cognitive load, which leads to the assumption
that the students’ subjective opinion about the level of
difficulty of algorithmic tasks (which were considered
to be the most difficult of all the tasks solved by the
students) is strongly related with an internal cogni-
tive load, which depends directly on the effort that
one allocates to understand a problem (its structure
and complexity).

Summary

The low efficiency of solving relatively simple al-
gorithmic tasks and at the same time not high level
of knowledge declared by the students confirm the
assumption, adopted in the new core curriculum, that
the center of gravity in IT education should be focused
on developing the ability to analyze and solve prob-
lems based on logical and abstract thinking. Therefore,
it is necessary to further improve the knowledge about
the difficulties associated with teaching algorithms
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and finding ways to minimize them. The use of eye
tracking technique for this purpose is a promising
direction for researchers’ activities, and the synthe-
sis of eye tracking results presented in the article,
which provided objective information on students’
behavior during solving algorithmic tasks, seems to
confirm it.

The possibility of interpreting visual information
processing patterns opens some new theoretical
and cognitive perspectives in the field of didactics,
including the methods of teaching algorithmics and
programming — the areas of computer science which
in essence aim to solve problems, that is, require
information processing at a “higher level” and engage-
ment of different cognitive mechanisms (attention,
memory, perception). New research methods, such
as eye tracking, can objectively help to explain the
processes which take place during learning and to
verify the teaching theory.
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Abstract

The ability to solve problems using algorithms plays an increasingly important role in modern society, whereas programming,
alongside with broadly understood digital skills, are considered to be one of the key competences of the future. The result of this
trend is the modification in the Polish education system of the IT subjects’ core curriculum, under which teaching programming

is planned at every stage of education.

While teaching the skills of programming is important, it is not an easy task to achieve and hence it poses many methodologi-
cal challenges. Researchers in this field are increasingly turning to new experimental methods, such as eye tracking techniques
that allow to gain an insight into cognitive mechanisms and thus can provide objective information about the process of learning

programming.

The article discusses the results of authors’ own study, in which the state of declarative and procedural knowledge of
students related to the forms of algorithm presentation was diagnosed. The questionnaires along with the tasks included in
them, which the students solved in a traditional way and with the means of eye tracking techniques, were used in the study
to track the process of solving comparable tasks presented on a computer monitor. The indicator of operational knowledge
was the effectiveness of problem solving. The research was conducted on a group of 48 third-grade junior secondary school

students.

The obtained results (low level of correct answers) indicate that the situation in the area of learning the algorithmic skills
of students requires improvement. The measurement data obtained using eye tracking allowed for an in-depth analysis and
interpretation of visual activity of students. Therefore, it seems that eye tracking can be considered as a complementary
research technique, enriching the state of knowledge on cognitive mechanisms that are triggered in the process of solving

algorithmic problems.

Keywords: algorithmic problems solving, flowchart of algorithms, teaching and learning programming, eye movement

parameters, eye tracking
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