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Abstract. The relevance of the study is conditioned by the fact that modern
society requires new generations to be able to plan their actions, find the
information necessary to solve problems among huge information arrays
(many of which are also not reliable), and model processes for the future. The
set of certain tasks is synergised in the plane of the concept of algorithmic
thinking. The purpose of the study is to track the educational and competence
consequences of applying the developed approaches to stimulate algorithmic
thinking in computer science lessons, to identify how they will contribute
to the development of algorithmic thinking in primary school students.
The paper states that categorisation of the concept of algorithmic thinking
requires a broad understanding of the algorithm as a set and sequence of
actions aimed at achieving the desired result. While algorithmic thinking is
a way of organising mental actions and techniques for solving problems, as
a result of which an algorithm is created - a specific product of human mental
activity. Algorithmic thinking is not a compilation of algorithms, and its
development is not limited to the mechanical memorisation of a number
of algorithms. In the scientific literature and current policy documents on
primary schools, the development of algorithmic thinking is perceived in
the context of information and digital competence of schoolchildren and
is associated with branches related to computer science: mathematics and
logic. The emphasis on the potential for developing algorithmic thinking
applies directly to the computer science course, but is not limited to it. The
intention to stimulate the ability to think algorithmically is a requirement of
the postmodern information era and the key to personal success, it is one of
the tools of socialisation, and therefore, approaches to the development of
algorithmic thinking should be comprehensively presented in the concepts of
studying other compulsory and optional subjects. For the study, the authors
developed and successfully tested a special eight-level diagnostic structure,
which is presented in the paper. It can be used as a basis for conducting similar
experimental studies. Further study on the topic should be organised around
deepening the understanding and expanding the range of methodological
approaches to the development of algorithmic thinking in schoolchildren of
the New Ukrainian School (NUS), in particular, in computer science lessons

Suggested Citation: :
Olkhova, N.V. (2022). Development of :
algorithmic thinking in primary school :
students when studying computer science.
Scientific Bulletin of Mukachevo State University.
Series “Pedagogy and Psychology”, 8(2), 25-32.

Keywords: algorithmisation of thinking, algorithm, informatisation, New
*Corresponding author Ukrainian School, information and digital competence, computer science

....................................................... e )

INTRODUCTION

Information and computer technologies today are one of
the most dynamically developing spheres of human activ-
ity, and at the same time, are a key generator of economic
and social progress. In a situation where the amount of
information is constantly growing quantitatively, a modern
person has to pass huge information flows through their

perception every day, and at the same time, be a producer of
new information for themself. All this requires the develop-
ment of thinking mechanisms that would allow dealing with
the necessary information, quickly finding optimal infor-
mation solutions with the help of modern computer tech-
nology and gadgets, identifying new, essential things, and
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using it in the necessary activity scheme for the effective
achievement of personal goals. Any human activity and gen-
eral existence in nature are inextricably linked with the algo-
rithmic model, so from the earliest years, the relevance of
building and developing algorithmic thinking of schoolchil-
dren increases, in particular, in primary school students.
On the other hand, a significant problem of modern school
programmes in European schools, in particular, Ukrainian
ones, is that digital competence is still not represented as
a component of the implementation of these programmes,
but only nominatively fixed in the description of the docu-
ment. That is, today the true digital competence of students
is more an idea than the result of educational activities in
a non-specialised school.

The recommendation of the European Parliament
and the Council (EU) “On Core Competencies for Lifelong
Learning” of 18 December 2006 states that the priority idea
of modern education is “learning for the sake of gaining
knowledge”, understood as the ability to achieve results
in hard learning, organise their learning, in particular,
through the effective use of time and information, individ-
ually and in groups [1]. In the concept of NUS, informa-
tion and communication technologies are the central idea of
reorienting school education to modern development vec-
tors. The most important thing is that both the teacher and
the student are equally important participative actors in the
learning activities, between whom full cooperation is pos-
sible with the help of ICT. In the ten key competencies that
the NUS concept defines, information and digital compe-
tence (central — fifth in the list) provides for such founda-
tions as information and media literacy, mastering the basics
of programming, working with databases, internet security
and cybersecurity skills, and, most importantly, given the
presented research topic, algorithmic thinking [2; 3]. At the
same time, information and digital competence is interpreted
as acting according to an algorithm and composing algo-
rithms. The NUS concept also defines that the most valuable
result of primary education in a separate personal dimen-
sion is a healthy child with motivation to learn successfully,
aresearch attitude to life, the ability to hear other people, and
an attitude to successful learning. In particular, this implies
the image of a student who can learn using various sources,
and be able to critically evaluate information [2].

Etymologically, the concept of an algorithm is related
to mathematical options, because this term itself was intro-
duced by the Uzbek mathematician Al-Khwarizmi, who
called the process of performing four arithmetic operations
an algorithm [4]. In the future, comprehensive automation
and computerisation led to the fact that thinking was inevi-
tably compared to the work of a computer, and now a person
is considered in tandem with a computer. And this inevita-
bly actualises the need for the algorithmisation of thinking —
learning to think in standard, typical situations like a computer:
on the one hand, this is necessary for more effective use of
technology: to “talk” with the computer in one language —
the language of algorithms. On the other hand, human algo-
rithmic thinking is ahead of and exceeds the computer in its
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qualities, being more perfect than the action of a programme
or computer algorithm [4]. Algorithmic thinking is neces-
sary for a person to be able to think and decide quickly, like
a computer, but to take into account the range of related
factors when making decisions that the computer is not able
to respond to. Algorithmic thinking, among other things,
is important for properly organising personal time and
quickly performing a wide range of everyday tasks. In some
countries, this idea is already integrated into the paradigm
of general education schools. Thus, since 2020, the Minis-
try of Education, Culture, Sports, Science and Technology
of Japan has been introducing the course “Algorithms and
computer programming” as mandatory subjects for all pri-
mary school students.

All this creates the necessary context for paying atten-
tion to the peculiarities of developing algorithmic think-
ing of Ukrainian schoolchildren from the earliest stages of
study. In particular, during the development of a computer
science course and through the process of studying other
compulsory and optional courses.

LITERATURE REVIEW

The concept of algorithmic thinking cannot be considered
without understanding the essence of the algorithm. This is
important because it is the algorithm that is the main tool
for the data processing and the final result of algorithmic
thinking [4]. ]. Mezak, P. Papak [5] note the integration of
STEM (S - science, T - technology, E - engineering, M -
mathematics) principles into the modern educational envi-
ronment. O. Sadykova notes that algorithmic thinking today
is defined as a system of thinking techniques aimed at solv-
ing problems, which, however, is not unambiguous in a sit-
uation of life (in contrast to software algorithmic thinking,
which is inherent in a computer), because in a situation of,
for example, interpersonal interaction within the applica-
tion of algorithmic thinking, a person must determine and
consider not only the very presence, but also the scheme of
“someone else’s” algorithm - and only then can build own
algorithm [4].

Now the problem of developing algorithmic think-
ing of schoolchildren and students, although generally rec-
ognised in the world (at least theoretically), but only a small
number of students are able to comprehensively apply the
operational components of algorithmic thinking in a holistic
process of solving various problems, which also involves the
skills to consciously manage their mental activity and think
logically. The development of techniques of mental actions,
which are the main components of algorithmic thinking (the
ability to generalise, classify, draw analogies, logically estab-
lish patterns, and reason), contributes to better assimilation
of exact sciences [6]. It is empirically confirmed that algo-
rithmic thinking, developed primarily in the paradigm of
studying computer science, has a positive effect on the result
of mastering a number of other academic disciplines [11].

The methodological literature considers various con-
tent aspects of algorithmic thinking: ways to form algorithmic
thinking through systematic and purposeful implementation
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of the ideas of the structural approach [7; 12]; various struc-
tural components of algorithmic thinking and their adapta-
tion to various subjects [8; 13; 14], [9; 15; 16]; some aspects
of optimising the educational process that contribute to
the development of algorithmic thinking and its connec-
tion with other types of thinking [10]; the ability to plan
the structure of actions necessary to achieve a goal using
a fixed set of tools [8].

J. Hromkovic and T. Kohn identify the main aspects
of algorithmic thinking in research activities as the goal of
educational programmes: the concept of formal language to
express algorithms, abstraction and automation to transfer
a proven strategy to new cases [17]. S.D. Yazvinskaya [18]
defines algorithmic thinking as the art and ability to reflect,
plan, consider various circumstances and act in accordance
with them, and the ability to solve various problems related
to the preparation of an action plan for solving problems.
According to the researcher, the development of algorith-
mic thinking should begin already at the stage of preschool.

In addition to some subtleties of interpretation and
semantic shades of definition functioning, there are also dif-
ferences between researchers regarding approaches to teach-
ing algorithmic thinking. Thus, at the Australian Informatics
Competition (AIC), a special approach to developing algo-
rithmic thinking skills is proposed, which differs from con-
ventional methods of algorithmisation of thought using puz-
zles or multiple-choice tests. The innovation of AIC is to
apply the three-step task methodology - these are groups
of three related questions, each of which offers students to
solve the same problem, but with larger data sets. First, stu-
dents receive instructions and a general description of the
task, followed by three sets of data, according to which they
are formulated with three questions that involve working
according to the same type of algorithm, but somewhat
complicated at the 2" and 3™ levels.

Sometimes algorithmic thinking is identified with
a logical-algorithmic style of thinking [19; 20]. This style of
thinking manifests itself in the skills of students, such as: to
build logical statements about data properties and queries
to search engines; to use inductive and deductive methods
of mental operations when working with computers; to use
the formalisation method to solve problems - up to the use
of algorithmic language.

The difficulty of categorising algorithmic think-
ing lies in the fact that most authors consider algorithmic
thinking, on the one hand, just a way of thinking. On the
other hand, it is a certain system of discrete actions asso-
ciated with the way thoughts are organised. Algorithmic
thinking is the highest form of organisation of an individ-
ual’s mental activity. Mental techniques in the context of
algorithmic thinking form a single system consisting of two
types of components (intermediate tasks and final - goal)
and contain an understanding of the expediency and pros-
pects of intermediate chain operations that should lead to
the performance of tasks [4]. Algorithmic thinking is char-
acterised by the following features: the ability to find the
sequence of actions necessary to solve the problem, and the
allocation of a number of simpler subtasks in the overall

problem, the solution of which will lead to the solution of
the original problem. The presence of logical thinking does
not necessarily (although quite often) imply the presence
of algorithmic thinking. Developed algorithmic thinking is
certainly based on formed and developed logical thinking.

The concept of computational algorithmic think-
ing (CAT) is also tangential, which implies the ability to
design, implement, and evaluate the use of algorithms to
solve a number of problems. This includes: 1) identifying
and understanding the problem; 2) developing an algorithm
or set of algorithms to solve the problem; 3) implement-
ing the algorithm so that it solves the problem; 4) evalu-
ating the solution based on a specific set of criteria. CAT
is an important functional framework that allows students
to develop computational thinking capabilities and apply
computational thinking to problem-solving [21]. Method-
ologically, CAT is formed mainly at the intersection of com-
puter and mathematical competencies.

As for the theoretical foundations, from the per-
spective of the current research, the study refers to a mean-
ingfully broad definition of the algorithm presented by
K. Utyumova: an algorithm is a rule, a sample of performing
a system of operations in a strictly defined sequence, lead-
ing to solving problems of a certain type [22]. In addition,
the study by J. Mezak, P.P. Papak [5], which has already
been mentioned above, is ideologically and method-
ologically closer to this study. Firstly, the authors criticise
the conventional role of the teacher as the main source and
transmitter of knowledge. After all, in the modern age of
information, the role of the teacher cannot remain mono-
lithic unchanged and not evolve to understand the teacher
as a facilitator, and not the key pillar of the entire educa-
tional process. This also requires adaptation of approaches
to teacher training. Secondly, learning scenarios have the
potential to influence the development of innovative ideas
for the implementation of educational activities, in particu-
lar, scenarios based on the use of modern methods of teach-
ing curricula using digital tools and digital content. Thirdly,
the research focuses on the Erasmus+project “Games for
Learning Algorithmic Thinking”, which is relevant for the
authors, and aimed at training primary school teachers who
will further develop such learning scenarios and apply them
in teaching their students. The paper presents how appropri-
ate learning scenarios can stimulate the algorithmic thinking
of younger students in everyday situations [5].

Thus, the problem of algorithmic thinking is rele-
vant for modern Ukrainian and foreign studies. Research-
ers speak about the direct connection between the rele-
vance of thinking according to the algorithm scheme and
the correspondence of such thinking to modern realities of
the digitalised world [23]. Algorithmic thinking seems to
allow finding an understanding between a person, objec-
tive reality, and the computerised environment of existence.
However, despite the positive perception of the potential of
teaching algorithmic thinking, there is still a very limited
range of methodological tools and specific tasks that would
contribute to the development of algorithmic thinking in
schoolchildren, in particular, primary school students.
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The purpose of the study, therefore, is to trace the
educational and competence consequences of applying the
original approaches to develop algorithmic thinking and to
identify how they will contribute to the development of algo-
rithmic thinking in primary school students in computer
science lessons. Achieving this goal involves the implemen-
tation of a number of tasks: 1) to develop a set of approaches
to mastering the computer science course according to the
NUS programme, to compensate for the lack of practice in
the development of algorithmic thinking of schoolchildren
in the context of computer education (in the Explanatory
Note to the Computer Science curriculum for grades 1-2, it
is just recorded that one of the tasks of studying the course is
the development of logical, algorithmic, creative, and object-
oriented thinking in students [24]); 2) to organise an exper-
imental study, within which to investigate empirically the
effectiveness of the developed approaches - through com-
parison and analysis of data obtained in accordance with the
special scheme; 3) to summarise the results of the current
stage of research on the problem of developing algorithmic
thinking of primary school students and outline the pros-
pects for further theoretical and experimental research on
the topic.

MATERIALS AND METHODS

The study investigated two reference groups - students of par-
allel classes of the “Lutsk Educational Complex No. 9 of the

Lutsk City Council”™: 2-A (27 students) — experimental group
and 2-B - control group (30 students). During the entire aca-
demic year, students of the control group mastered the com-
pulsory computer science programme for NUS schools —
without special emphasis on the development of logical and
algorithmic thinking, but within the limits of the requirements
for the competencies of students in this age group.

Students of the experimental group, in addition to
the material provided to the students of the control group,
received additional homework assignments aimed at devel-
oping algorithmic thinking and logic. In the organisation of
work with students of the experimental group, the empha-
sis was placed on a clear understanding of the sequence of
actions to perform a certain task and working out these
actions to automatism through performing the same type
of tasks. In addition, considerable attention was paid to the
development of speech of such students: they were required
to have a clear understanding of the process, their own
reflection and speech activity (here the concept of commu-
nication between speech and thinking was considered).

The research hypothesis was that students of the
experimental group will demonstrate the best quality indi-
cators of mastering not only key computer competencies,
but also improve the ability to think logically and perform
typical tasks.

The final evaluation of students in both groups took
place according to the developed structure (Table 1).

Table 1. Structure of final tasks for evaluating algorithmic thinking of students

Summary of the task

Type of task Day1 Score
L Search the Internet for F%nd a gralphic imalge of the map 9f Ukraine (10 jpoir.zts ) . . '
. . Find text information about the highest mountains in Ukraine (10 points) 30 points
the necessary information . .
Find a video about your hometown (10 points)
2. Define the sequence of ~ Describe the sequence of creating a house image in your paper album (10 points) 20 oint
points

steps for task performers

Describe the sequence of creating a house image in the Paint image editor (10 points)

Adjust the algorithm of Olenka’s actions. Explain what mistake she made. How did you find

3. Find errors in algorithms it? How long did it take you to do this? ('Students are offered an algorithm for collecting a school 20 points
backpack. But it makes mistakes: the student did not check the class schedule based on the diary)

4. Determine the result
of performing a linear

Day 2

. ) Complete the task in the Scratch environment 10 points
algorithm for constructing
a simple geometric image
5. Develop your own

. Py ) Complete the task in the Scratch environment. Display the sequence of actions using a text .
algorithm for creating . . . 20 points

) .. or graphic-text entry of the algorithm in your workbook
a simple geometric image
Day 3

6. Create a drawing using
aready-made algorithm in  Complete the task in the Scratch environment 20 points

the Scratch environment
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Table 1, Continued

Summary of the task

Type of task Day 3 Score
On the application of algorithmic knowledge:
https://learning.ua/matematyka/piatyi-klas/alhorytmy
. . Find the differences: https://learning.ua/matematyka/maliuky/znaidy-vidminnosti
7. Performing logical and . . . . . . ..
. Lo Find a picture without a copy: https://learning.ua/matematyka/maliuky/znaidy-kartynku-bez-kopii

arithmetic thinking tasks . . . . . . .

Find the extra: https://learning.ua/matematyka/maliuky/vykliuchaiemo-zaive 70 points

on the platform Learning.

UA Find the same: https://learning.ua/matematyka/maliuky/znakhodymo-odnakove

Logical series:
https://learning.ua/matematyka/maliuky/lohichni-riady
Simple logic problems: https://learning.ua/matematyka/doshkilniata/prosti-lohichni-zadachi

Verbally substantiate and verbally describe your own perception of the tasks offered to you
8. Self-assessment according to the following criteria: easy/difficult/difficult to say; I needed help/everything was 10 points
clear; I understand the tasks/ I don’t understand the tasks, etc.

Total: 200 points maximum
299 points — unsatisfactory
100-130 — satisfactory
131-170 — good
171-190 — very good
191-200 — excellent!

Source: developed by the author
RESULTS AND DISCUSSION

As can be seen from the structure of Table 1, the con- ~ The results of the evaluation were grouped and analysed in
trol process took three days. This is conditioned by the age  an appropriate mathematical and statistical way to summa-
characteristics of second graders. rise the results of annual activities (Table 2).

Table 2. Results of evaluating the development of algorithmic thinking according to research criteria

Experimental group Control group Diff
ifference

Type of task Average result in the group Average result in the group
Points % Points % %

1. Search the Internet for the necessary

. . 26.5 88.3% 23.4 78.0% 10.3%
information
2. Define the sequence of steps for task
P 18.1 90.5% 15.6 78.0% 12.5%
performers
3. Find errors in algorithms 15.2 76.0% 11.2 56.0% 20.0%
4. Determine the result of performing a linear
algorithm for constructing a simple geometric 7.2 72.0% 6.1 61.0% 11.0%
image
5. Devel lgorithm fa ti
_cvelop your own a'gorithm for creating 8.2 82.0% 5.7 57.0% 25.0%
a simple geometric image
6. Create a drawing using a ready-made
. . . 17.3 86.5% 14.5 72.5% 14.0%
algorithm in the Scratch environment
7. Performing logical and arithmetic thinking
. 59.3 84.7% 40.9 58.4% 26.3%
tasks on the platform Learning.UA
8. Self-assessment 9.6 96.0% 7.8 78.0% 18.0%
9. Total points (averaged) 161.4 80.7% 125.2 62.6% 18.1%
Verbalised assessment Good Satisfactory S

Source: developed by the author based on research data
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The results obtained are visualised in Figure 1.

The results show that special attention and cor-
rect methodological support of the teacher-facilitator during
the organisation of regular work on computer science and
extracurricular activities of students of the experimen-
tal group (subject to help and control by the parents of stu-
dents) managed to achieve improved results according to all
the criteria selected based on the analysis of literature and the
compulsory curriculum of Computer Science. Separately, it
should be noted that statistical data processing demonstrates
the smallest gap in Point 1, which provides for the skills of
searching the Internet for the necessary information (10.3%).

Interestingly, even the self-assessment point showed a large
discrepancy (18.0%). This demonstrates the lack of skills in
children in the control group to consciously perceive the
learning process and understand themselves in this process.
More attention to the components of algorithmic thinking,
therefore, stimulates the processes of consciousness in gen-
eral and self-reflection in particular, and trains the options of
self-control and attention — at least during the performance
of educational tasks. However, in the future, the improved
algorithmic thinking skills will have a positive projection on
other areas of the individual’s life.

120.00%
100.00%
80.00%
60.00%
40.00%
20.00%
0.0% 7 Logical
. . Logical
2 Define the 4. Result of 5. Own 6 ]ziswzng and
1. Internet y ¢ 3. Find errors performinga = algorithm ud & d arithmetic 8. Self-
search sequence ol 4, algorithms linear (geometr. ready-made tasks on assessment
steps leorithm > algorithm Learni
algori image) (Scratch) eebrrxng.
® Experimental group  88.30% 90.50% 76.00% 72.00% 82.00% 86.50% 84.70% 96.00%
= Control group 78.00% 78.00% 56.00% 61.00% 57.00% 72.50% 58.40% 78.00%

Figure 1. Results of evaluating the development of algorithmic thinking according to research criteria

Source: developed by the author based on research data.

The logic and results of the study are significantly
different in content and organisation from the already pre-
sented research on the topic [25; 26]. Although theoretically
they correlate, there is a correspondence concerning the
ideological and conceptual definition of algorithmic think-
ing, the necessity of developing algorithmic thinking skills
in modern schoolchildren considering the technologisation
of the reality, technically the research is organised differ-
ently. In particular, due to the lack of an empirical, practical
representation of the topic, it is impossible to compare the
conclusions. This is evidence of the relevance of the current
study, its originality, the actual implementation of the idea
of avoiding formalism in approaches to the development
of algorithmic thinking and declarative calls to rely on the
child’s life experience and use game techniques in combina-
tion with their optimal combination with information tech-
nologies [26].

At the same time, the presented experimental
study has limitations, in particular, regarding the range of
reference groups. It can be used in the future in a ready-made
form only for primary school students. Potentially, the pro-
posed scheme may give slightly different results, depending

on the pedagogical support, the environment, and the num-
ber of students involved in testing. However, hypothetically,
the errors in testing cannot be fundamentally different from
the key results presented. All these nuances can be revealed
statistically and made clear in the course of subsequent
research.

Therefore, algorithmic thinking needs to be devel-
oped in order to understand how the world around us and
the processes in it work. In a broad sense, the whole real-
ity around a person can be depicted as a super-complex,
but harmoniously correlated set of algorithms. No process
is complete without algorithmic thinking. The art of com-
posing and solving problems requires special mental expe-
rience — algorithmic thinking, which people, as a rule, do
not have from birth and cannot acquire without special
training. This is exactly a skill — the ability to solve a partic-
ular type of problem, brought to automatism. Algorithmic
thinking refers to the ability to think accurately, formally,
and becomes one of the important features of the general
human culture in today’s high-tech world. However, the
algorithmic way of thinking is not only related to comput-
ing or computer technology, it helps to solve problems in
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any field of activity. In the process of life activity, a person
somehow applies an algorithmic approach. In particular,
the tools of algorithmic thinking are the following skills:
1) divide general tasks into subtasks; 2) plan the stages and
time of their activities; 3) evaluate the effectiveness of activ-
ities; 4) search for Information; 5) process and assimilate
information.

CONCLUSIONS

The problem of developing algorithmic thinking in primary
school is one of the most important in psychological and
pedagogical practice. The main way to solve it is to gradu-
ally form logical thinking techniques with a gradual transi-
tion directly to the elements of algorithmisation, especially
during computer science lessons. Algorithmic thinking is
characterised by formality, logic, clarity, and the ability to
translate any abstract idea into instructions, the sequential
execution of which brings the idea to life.

According to the results of an empirical study,
namely, at the stage of final diagnostics, students of the
control group demonstrated, in accordance with the assess-
ment scheme developed by the authors, a level of algorith-
mic thinking of 62.7% (“Satisfactory” level). Students of the
experimental group averaged at 80.7% (“Good” level). The
difference between the control groups was 18.1% in favour
of the experimental group. This confirms the effectiveness
of the proposed approaches to the development of algorithmic
thinking in younger schoolchildren, but requires further
investigation of this problem, considering the increase in
the effectiveness of pedagogical influence and the necessary
deepening of the individual approach to students.

Since computer science is directly involved in under-
standing and constructing algorithms and learning their
properties, studying disciplines related to computer science
and programming will best contribute to the development
of algorithmic thinking. However, in the future of deepen-
ing intersubject relations, it is necessary to further explore
the possibilities of applying algorithmisation techniques of
thinking in the context of studying other school disciplines.

The findings are of practical and theoretical signif-
icance. Theoretically, they can be used to understand the
essence of algorithmic thinking and the basics of its devel-
opment in primary school students, to compile method-
ological materials for developing the ability of younger stu-
dents to think algorithmically. Practically, the empirical data
provided in the process of revealing the topic can be used
for broader generalisations, comparisons with the results
of similar studies, and comparative investigations. The pre-
sented research scheme in its primary or adapted form can
be used for conducting experiments with the involvement
of younger schoolchildren in other educational institutions.
The main messages of the research paper can help improve
the implementation of information and digital competence
of NUS students. Further study on the topic may relate to
testing the effectiveness of practical training methods and
the development of algorithmic thinking in students of dif-
ferent age groups. It is also appropriate to trace the rela-
tionship/connection between the level of development of
algorithmic thinking and the overall academic performance
of students.

REFERENCES

[1] Recommendation of the European Parliament and of the Council (EU) No. 2006/962/EC “On Core Competences for
Lifelong Learning”. (2006, December). Retrieved from https://zakon.rada.gov.ua/laws/show/994_975#Text.

[2] The new Ukrainian School: Conceptual principles of secondary school reform. (2016). Retrieved from https://mon.
gov.ua/storage/app/media/zagalna%20serednya/Book-ENG.pdf.

[3] Bibik, N.M. (2007). New Ukrainian school: A guide for teachers. Kyiv: LLC Publishing House “Pleiades”. Retrieved from
https://nus.org.ua/wp-content/uploads/2017/11/NUSH-poradnyk-dlya-vchytelya.pdf.

[4] Sadykova, O., & I'bahtin, G. (2020). The definition of algorithmic thinking. In Proceedings of the international session
on factors of regional extensive development (FRED-2019) (pp. 419-422). Irkutsk: Irkutsk State Transport University.

doi: 10.2991/fred-19.2020.85.

[5] Mezak, J., & Papak, P.P. (2018). Learning scenarios and encouraging algorithmic thinking. In 2018 41 international
convention on information and communication technology, electronics and microelectronics (MIPRO) (pp. 760-765).
Opatija: IEEE Croatia Section. doi: 10.23919/MIPRO.2018.8400141.

[6] Kovalchuk, M., Voievoda, A., & Prozor, E. (2020). Algorithmic thinking as the meaningful component of cognitive competencies
of the future engineer. Universal Journal of Educational Research, 8(11B), 6248-6255. doi: 10.13189/ujer.2020.082263.

[7] Gejn, A.G., & Junerman, N.A. (2008). Workshop problem book on computer science and information technology. Moscow:

Prosveshcheniye.

[8] Ershov, AP, Zvenigorodskij, G.A., & Pervin, Ju.A. (1979). School informatics: Concepts, states, perspectives. Novosibirsk:

Institute of Nuclear Physics.

[9] Gubina, T.N. (2016). Methodical methods of development of algorithmic thinking of the future teacher of computer
science. Modern Information Technologies and IT-Education, 12(3-1), 6-16.
[10] Gal-Ezer, J., & Lichtenstein, O. (1997). A mathematical-algorithmic approach to sets: a case study. Mathematics and

Computer Education, 31, 33-42.

[11] Knuth, D.E. (1985). Algorithmic thinking and mathematical thinking. The American Mathematical Monthly, 92(3), 170-181.

[12] Doleck, T., Bazelais, P, Lemay, D.J., Saxena, A., & Basnet, R.B. (2017). Algorithmic thinking, cooperativity, creativity,
critical thinking, and problem solving: Exploring the relationship between computational thinking skills and academic
performance. Journal of Computers in Education, 4(4), 355-369. doi: 10.1007/s40692-017-0090-9.

[13] Malik, S.I., Tawafak, R.M., & Alfarsi, G. (2021). A model for enhancing algorithmic thinking in programming education
using PAAM. International Journal of Interactive Mobile Technologies, 15(9), 37-51 doi: 10.3991/ijim.v15i109.20617.

Scientific Bulletin of Mukachevo State University. Series “Pedagogy and Psychology”, Vol. 8, No. 2



Development of algorithmic thinking in primary school students when studying computer science @

[14] Malik, S.I., Shakir, M., Eldow, A., & Ashfaque, M.W. (2019). Promoting algorithmic thinking in an introductory
programming course. International Journal of Emerging Technologies in Learning, 14(1). doi: 10.3991/ijet.v14i01.9061.

[15] Katai, Z. (2015). The challenge of promoting algorithmic thinking of both sciences-and humanities-oriented learners.
Journal of Computer Assisted Learning, 31(4), 287-299. doi: 10.1111/jcal.12070.

[16] Angeli, C. (2022). The effects of scaffolded programming scripts on pre-service teachers’ computational thinking:
Developing algorithmic thinking through programming robots. International Journal of Child-Computer Interaction,
31, article number 100329. doi: 10.1016/j.ijcci.2021.100329.

[17] Hromkovi¢, J., Kohn, T., Komm, D., & Serafni, G. (2016). Examples of algorithmic thinking in programming education.
Olympiads in Informatics, 10, 111-124.

[18] Yazvinskaya, S.D. (2009). Pedagogical conditions for the development of algorithmic abilities of children of senior preschool
age in the process of cognition of the category of time (PhD dissertation, Stavropol State Pedagogical Institute, Stavropol,
Russian Federation).

[19] Bochkin, A.I, & Batan, L.V. (2014). Evolution of the concepts of “user” and “programmer” in connection with the
development and study of computer science. In Information and technological support of the educational process of a modern
university: Collection of reports of the international Internet conference (pp. 34-39). Minsk: Belarusian State University.

[20] Kuzmichev, D.R., & Bochkin, A.IL (2010). Fundamentals of algorithmization. Minsk: VSU named after P.M. Masherov.

[21] Burton, B.A. (2010). Encouraging algorithmic thinking without a computer. Olympiads in Informatics, 4, 3-14.

[22] Utyumova, E.A. (2014). Features of the formation of algorithmic skills in preschool children. Pedagogical Education,
3,134-138.

[23] Thomas, J.O., Rankin, Y., Minor, R., & Sun, L. (2017). Exploring the difficulties African-American middle school girls
face enacting computational algorithmic thinking over three years while designing games for social change. Computer
Supported Cooperative Work (CSCW), 26(4), 389-421. doi: 10.1007/s10606-017-9292-y.

[24] Typical educational programs for 1-2 classes of NUS (New Ukrainian school). (Headed by O. Ya. Savchenko).
(2018). Retrieved from https://inlnk.ru/ZZgkyG.

[25] Vasylykiy, L., & Romanchuk, R. (2021). Peculiarities of formation of algorithmic thinking of junior schoolchildren at
computer science lessons. Youth and the Market, 2(188), 90-94. doi: 10.24919/2308-4634.2021.230493.

[26] Vdovenko, V. (2017). Formation of algorithmic thinking of junior schoolchildren in computer science lessons. Scientific
Notes. Series: Problems of Methods of Physical-Mathematical and Technological Education, 11(4), 23-27.

Harania Bonogumupisaa OnbxoBa

Bonuuchkuit HaioHanbHUI yHiBepcuTeT iMeHi Jleci Ykpainku
43025, mpocmn. Bori, 13, m. JIynpk, Ykpaina

dopmyBaHHA anropMTMiYHOro MUCJIEHHSA 38,06yBaYiB NOYaTKOBOI
OCBITM NiA, Yyac BUBYEHHSA iHpOpMaTUKKN

AHoTauifl. AKTYa/IbHICTb JOCTI/PKEHHA 3yMOBJIEHO TUM, IIJO Cy4acHe CYCIIiIbCTBO BMMAra€ Bifl HOBYX IIOKOMiHb yMiHHA
IUIaHyBaTy cBoi fii, 3HaxomuTy iHopMalio, HeoOXiTHY I BUPILIeHHA 3aBIaHb, 3-IIOMDK Be/IMYe3HUX iH(opMariitHux
MacKBiB (6araTo 3 AKX 0 TOTO 5K He € JOCTOBIPHMMIIL), MOJe/IIOBATH IIPOLiecH Ha IepcrekTuBY. CyKyIHICTh BUSHAYEHNX
3aBJJaHb CMHEPIYEThCA B IJIOMIVHI MOHATTA aJTOPUTMIYHOTO MUC/IEHHA. MeToI0 CTaTTi € BiCTeXXUTM HaBYa/lIbHO-
KOMIIeTeHTHICHI HaCTiIKM 3aCTOCYBaHHA PO3pOOIeHNX HaMU IifIXOJiB [/I CTYMY/IIOBAaHHA Q/IFOPUTMIYHOTO MUC/ICHHA
Ha ypokKax iH(OpMaTuKy, BUABUTH, K CaMe BOHV CIPUATUMYTb (OPMYBAHHIO aJTOPUTMIYHOTO MUC/ICHHA B Y4YHIB
MOJIOJJIIOTO IIKiZTbHOTO BiKy. ¥ CTaTTi Ji/IeThCsA PO Te, IO KaTETOpu3allisA MOHATTA aITOPUTMIYHOTO MUC/IEHHS BYMarae
IIVPOKOTrO PO3YMIHHA &ITOPUTMY SIK CYKYIIHOCTI i1 IOCTiIOBHOCTI A1il1, Halli/IeHMX Ha JOCATHEHH: 0a>KaHOTO pe3y/IbTaTy.
Topi Ak anropUTMiuHe MMCIICHHA € criocobom opraHisanili MIUC/I€HHEBUX Aill i IpUIIOMIB IjiA BUpIILIEHHA 3aBIAHD,
YHACJTiIOK YOTO CTBOPIOETHCS AITOPUTM — CHelU(idHMII IPOAYKT JIIOACHKOI MEHTAIbHOI aKTMBHOCTI. AnropurMivHe
MIC/IEHHSA He € KOMITIALIEI0 aITOPUTMIB, 8 IOTO PO3BUTOK He 3BOAUTHCA O MEXaHIYHOTO 3ay4yBaHHs HU3KI a/ITOPUTMIB.
Y HayKoBill niTepaTypi Ta YMHHMX JAVPEKTUBHMX JJOKYMEHTaX CTOCOBHO MOJIOJIIOL IIKO/IM PO3BUTOK a/JTOPUTMiYHOTO
MIIC/IEHHA aKTya/li3yeThbcs B po3pisi indopmaliitHo-11ppoBoi KOMIIETeHTHOCTI IIKOJLAPIB i ITOB A3Y€ETbCA 3 CYMDKHIMIU O
iHopMaTHKN ramy3sAaMM HayK: MaTeMaTVKOIO Ta JIOTiKOI0. AKIIEHT y IIOTeHIiai (OpMyBaHHA aITOPUTMIYHOTO MUC/ICHHA
CTOCYeTbCs be3nocepeHbo Kypcy iHdopMaTuky, ane He 0OMeXYeTbCsl HUM. [HTEHIIiA CTYMYIIIOBATY 3HATHICTb MUCTUTA
QJICOPUTMIYHO € BUMOTOI0 iH(pOpMaIiliHOI IIOCTMOIEPHOI €IOX! Ta 3aII0PYKOI0 HOCATHEHHA O0COOMUCTICTIO yCIHiXy, €
OJIHVIM 3 IHCTpyMEHTIB comiaisalii, a ToMmy migxoznu 10 GopMyBaHH:A aITOPUTMIYHOIO MUC/IEHHS MalOTh Oy TV HaCKPi3HO
IIpefCTaB/IeHi B KOHIENIIAX BUBYCHHA {HINNMX HOPMAaTUBHMX Ta (aKyIbTaTUBHMX AMUCLMIDIIH. [IJIA BOCIiPKeHHS HaMu
0y710 po3po6/IeHO Ta YCIIIIHO IPOTECTOBAHO CIIellia/IbHy BOCbMMPIBHEBY [IiarHOCTUYHY CTPYKTYPY, LIO IPefCTaB/IeHa
B crarti. BoHa Mo>ke OyTy B3ATa 3a OCHOBY JJI IIPOBENICHHS aHAJIOIIYHNX eKCIIepYMeHTaIbHUX po3Binok. Ilopampuri
TOCIiPKEHHA 3 TEMM JOPeYHO OpPraHi30BYBaTH JOBKO/IA IIOITIMOICHH S PO3yMIHHA i pO3LIMPEHHS CIIEKTPY MEeTOOIOTYHIX
nipxoniB go popMyBaHHA anropuTMivHoOro MucneHns mkosapis HYIII, sokpema Ha ypokax iHpopMaTiku

KnioyoBi cnoea: arropuTmisaliist MUC/IEHHsT, a/ITOPUTM, iHpopMaru3ariis, HoBa ykpaiHChKa KO, iHpopManiiHO-Iudposa
KOMITETEHTHICTb, iHpOpMaTHKa

Scientific Bulletin of Mukachevo State University. Series “Pedagogy and Psychology”, Vol. 8, No. 2



