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Abstract The given paper contains the explanation of the
importance of algorithmic thinking development and
introduces the idea of special formation of the operational
components of this thinking in order to improve the
mastering of the educational actions in the sphere of
mathematics. The research describes certain specific
features of studying higher mathematics at Technical
Universities. The aim of the research is to determine
experimentally and substantiate the impact of the
development of algorithmic thinking components on the
level of mathematical knowledge and skills formation. On
the base of Vinnytsia National Technical University in
2017, 2018, 2019 the experiment was carried out, it
consisted of two stages: exploratory stage and formative
stage. We responded 275 students. Main conclusions: the
problem of algorithmic thinking formation of
schoolchildren and students is generally recognized in the
world; only a small number of students are able to apply the
operational components of algorithmic thinking
comprehensively in a holistic process of solving various
problems, manage their mental activity consciously and
think logically; if students develop techniques of mental
actions, which are the main components of algorithmic
thinking (the ability to generalize, classify, draw analogies,
establish patterns and reason logically), it contributes to
better learning of higher mathematics.

Keywords Algorithmic Activity, Algorithmic Thinking,
Operation Components, Sequence of Actions.

1. Introduction

Professional training of future engineers in the field of
electric power engineering, electric engineering and
electrical mechanics is based on the standard of the higher
education (2019), which provides the organization of the
educational process, applying the advanced concepts of the
integrated education, efficient correlation of theoretical
and practical components, maximal usage of the
possibilities of computer technologies. Accordingly, the
formation of the algorithmic thinking occupies an
important place in the process of future engineers training,
the need of such thinking for the specialists of various
fields is generally recognized.

Various content aspects of the algorithmic thinking are
considered in the methodical literature: ways of the
algorithmic thinking formation by means of the systematic
and purposeful implementation of the ideas of the
structural approach (Gejn, 2003; Nikolaeva, 2020; Jurkov,
2019); various structural components of the algorithmic
thinking and their adaptation to different subject (Ershov,
Zvenigorodskij & Pervin, 1979; Smetanina, 2010; Gubina,
2016); some aspects the educational process optimization
which promote the development of the algorithmic
thinking and its connection with other types of thinking
(Milkova, 2014; J. Gal-Ezer & G. Zwas, 1996); scientific
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research of the impact of the algorithmic activity on the
formation of the intelligent operations Altuhova &
Smirnov,2016; Kalitina, Pushkareva & Stepanova 2015
Kalitina, Pushkareva & Stepanova 2017; Spirin, &
Vakaliuk, 2017).

For instance A. Ershov (1979) defines the algorithmic
thinking as "the ability to plan the structure of actions,
necessary for achieving the goal, by means of the fixed set
of tools".

The possibilities of training future teachers of
mathematics to develop in pupils the creative and
algorithmic thinking are elaborated in the studies of K.
Vlasenko, V. Achkan, I. Lovianova (2020).

Means of the development of critical and algorithmic
thinking are considered in the studies of Kurnia Fermani
Hidayah, Suparman, Yahya Hairun, Diah Prawitha Sari
(2020).

Technological aspects of the modern concept of the
algorithmic thinking formation T. Bell and F. Rosamond
(2016) considered in the context in mathematical subjects
teaching and application of the elements of situational
games.

J. Hromkovi¢ and T. Kohn (2016) determined the basic
aspects of the algorithmic thinking in the process of
research activity as the goal of education programs
realization: notion of the formal language for the
expression of the algorithms, abstraction and automation in
order to transfer the verified strategy to new cases.

A. Wilson and S. Golonka [2013], regard the specific
examples of the algorithms application in the life of a
human being (algorithms of motion, algorithms of the
action choice, hybrid algorithms, etc.). The scientists note,
that in the process of life activity there exists so-called
"internal algorithms", which control time and scale of
human being behavior in the environment.

In the developed countries of the world considerable
changes in the content of mathematics syllabuses for
different levels of study take place. Ministry of Education
of the United Kingdom in 2016 introduced new educational
curricula on mathematics for the school children at all the
levels of education. They include logic, algorithms and
data presentation (Program of Study, 2016). In France, new
national education program “Algorithmique et
programmation” (Ministere de 1’Education Nationale,
2016) for all the education levels, that comprises
algorithmic thinking and computational concepts is
created.

Since 2020 Ministry of Education, Culture, Sports,
Science and Technology of Japan (MEXT, 2018) plans to
introduce the algorithms and computer programming as the
obligatory subject for all the pupils of the primary school.

In case of Japan the press release with the information
concerning the official inclusion of the computer
programming in the school program was made on behalf of
the three Government Ministries of Japan: Ministry of
Education, Culture, Sports, Science and Technologies
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(MEXT, 2018), Ministry of Interior Affairs and
Communications (MIC) and Ministry of Economics, Trade
and Industry (METI).

In Australia, National Education Plan (ACARA, 2016)
now contains such subject as digital technologies
(Stephens, 2018). Commenting the inclusion of the digital
technologies into Australian education plan, the
well-known Australian scientist D. Clark notes that for the
greater part of teachers the content of this subject will be
complicated problem, as it requires to teach pupils
algorithmic thinking.

Thus, the problem of the formation of algorithmic
thinking of the pupils and students is generally accepted in
the world.

In this study, we observed whether the purposeful
development of students’ mental actions, which are the
main components of algorithmic thinking (the ability to
generalize, classify, draw analogies, establish patterns and
think logically), promotes better mastery of knowledge in
higher mathematics.

2. Materials and Methods

2.1. Materials

We conducted research and synthesized the meaning of
the concept of "algorithmic thinking", identified its
semantic characteristics that would meet the purpose of this
study. Under algorithmic thinking we will understand a set
of mental actions, techniques and forms that provide results
in a formalized (algorithmic) form.

Algorithmic thought processes are provided by a set of
certain mental actions. The main role is played by
generalizations, classification, analogy, establishment of
regularities and logical reasoning. The result of algorithmic
activity is the formation of appropriate algorithmic skills.

Systematizing the meaning of the concept of
"algorithmic thinking", we identified the skills of students
that can be formed through their development, adapting
them to the discipline of "higher mathematics". These are
the skills: to analyze the initial data and determine the
results; to find the sequence of actions that are necessary to
solve the problem; to allocate in the general task a number
of simpler tasks; to construct schemes of vision of the
problem as a whole; to solve problems in large blocks with
further detailed elaboration; to think inductively and
deductively; to write a computer algorithm for solving a
problem.

Algorithmic thinking is a significant component of the
cognitive key competencies of the future technical
engineer. The developed algorithmic activity allows
students to effectively structure and systematize new
knowledge, and this improves the process of forming
special knowledge of the future specialist. Only having a
systematic basic knowledge, you can master the system of



6250

special knowledge.

2.2. Methods

In our study, we improved students' ability to generalize,
classify, draw analogies, establish patterns and think
logically, and observed how this affects the level of
formation of mathematical knowledge and skills.

The research was conducted at Vinnytsia National
Technical University for three years (2017, 2018, 2019)
during classes and classes-consultations in higher
mathematics at the Faculty of Electric Power Engineering,
Electrical Engineering and FElectromechanics. Over a
period of three years, the experiment covered 275 students.

Experimental research can be divided into four stages,
each of which conducts some research work with specific
tasks.

The first stage. The analysis of literature on the research
topic is carried out, the content of the concept "algorithmic
thinking" is synthesized, the methods of mental actions
which are the basic for this type of thinking are allocated.

The second stage. A method was chosen to improve
students’ ability to generalize, classify, draw analogies,
establish patterns and think logically.

The third stage. The level of formation of selected
methods of mental actions and the level of mathematical
knowledge formation (low level, basic level, sufficient
level and high level) were determined for each student.

Students performed different types of tasks. The levels
of formation of methods of mental actions and
mathematical knowledge and skills were determined by the
devised criteria.

To conduct the study, freshmen were divided into two
groups: a control group and an experimental group. In the
control group, teaching was carried out in the traditional
way (according to the discipline program). Study of higher
mathematics in the experimental group was based on such
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approaches: mastering of the content of the mathematical
subjects takes place as a result of formation of skills and
practice of performing the operations (classification,
generalization, establishment of the regularity, analogy)
and information processing; student’s activity is based on
the algorithmization of the education process and
activation of logic-algorithmic thinking components;
activity, aimed at the development of the algorithmic
schemes, used for problems solution.

Different types of tasks were used in the survey of
students and the formation of selected methods of mental
actions: problems with complete solutions, problems with
simulation of the situation, problems with the choice of the
answer.

The fourth stage. Summing up the experiment.

3. Results

The formative stage of the experiment covered 135
students of the experimental group and 140 students of the
control group.

In accordance with the task of the study, we formulated a
hypothesis: if students of technical universities develop
selected operational components of algorithmic thinking, it
will increase the level of formation of mathematical
knowledge and skills.

First we found out if the students understood the content
of the operations (analogy, classification, generalization,
regularities; Tables 1, 2)

Table 1. Testing results of the understanding of the operation component

Number of Techniques of the intellectual actions
students, who Classifica | Regulariti | Generaliz
understand Analogy tion es ation

the content of
the technique 45,6 % 21,9 % 45,6 % 18,4 %
in %

Table 2. Testing results of the understanding of the operation component

T\iltl;gl;rtsof Students Students Students Students Did not se'lect any operational COl’l:lpODent
who ' understand the understand the | understand the | understand the As they did not As they did not
understand content of «4 content of «3 content of «2 content of «1 understand the understand how they
the content techniques» techniques » techniques » technique» content of these cou}d b? used for the

of the components realization of the task
tec.hnoi/que 7% 44 % 17,5 % 58,9 % 2,6 % 9,6 %
in %
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At the second stage of the research the formation level of
the operational components of the algorithmic thinking
was verified. For this purpose we performed testing,
containing five blocks of questions.

First block (logical thinking). As the basis of the
developed algorithmic thinking is the developed and
knowledgeable logical thinking, then the first block of
questions contained most of the testing tasks.

The test contained 30 questions. Each question
comprised the condition and three consequences. Only one
of three consequences is correct. Students had to select the
correct logic consequences from the incorrect ones. The
test did not require special mathematic knowledge.

Series of the tests of the second, third, fourth and fifth
blocks determines the level of development of the
intellectual actions (establishment of the analogies,
classification, generalization, search of the regularities) on
the material of physical-mathematical, natural, social and
humanitarian cycle.

Second block (establishment of the analogy). Three
words are given. The first and the second words are s
related by the content. From four words you should choose
the word, that is related by the content with the third as the
first is related with the second.

Third block (classification of the objects by essential
features). Four words are given, three of these words are
connected by the common feature. Find the word that does
not have such feature.

Fourth block (generalization).

Pairs of words are given. Choose from four variants that
one which expresses the most important for both words
features. Solving the problem of the given block the
students are to determine the abstract properties of the
objects by means of the interrelations these objects enter.

Fifth block (establishing of the regularity). Numbers in
each row are located according to a certain rule. Students
must understand this regularity and find a number that
continues this numerical row. For the solution of the given
type of tasks the operations of the comparison i.e.,
analytical-synthetic activity, are presented. However, the
analysis, carried out above, shows that in the given case we
deal with the highest form of generalization, performed on
the base of the analysis and is expressed by the definition of
the general in a number of objects by means of comparison.
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The test results are summarized in Table 3.

Table 3. Testing results of the formation of the operation components

Level of the operation components development
Low Basic Sufficient High
;i’fl:j; 147% | 235% | 412% | 20,6%
Analogy 29,4% 23,5% 22% 25,1%
Classification 28,5 % 31% 22,2% 18,3 %
Generalization 23.5% 39,7 % 20,6 % 16,2 %
Regularities 17,6 % 23,5 % 17,6 % 41,3 %
Total 22,8 28,2 24,7 243

Obtaining of the data by the index "mathematical
knowledge and skills" of the cognitive criterion was carried
out by means of the test work.

Taking into account the fact that the first-year students
did not study higher mathematics, the level of their
knowledge of this subject was evaluated by means of the
secondary school course test.

The text of the test work contained the problems of the
four levels, the answers required the knowledge of the
definitions of the mathematical notions, formulas, graphs,
images of the mathematical figures, etc. The performance
of the students in theoretical training was determined by
the correct answers.

The results of the test work are shown in Table 4.

Table 4. Results of the diagnostic test work in the control and
experimental groups regarding the level of mathematical knowledge
cognitive and skills by criterion at the beginning of the experiment (by
cognitive criterion)

Formation Experimental group Control group
levels of
mathematical

knowledge % Quantity % Quantity

and skills

Low level 11,9 % 17 8,8 % 12

Basic level 45,3 % 61 47,6 % 66

Suificient |~ 3) 404 ) 27.4% 39
level

High level 11,4 % 15 16,2 % 23
Total 100 135 100 140

Table 5. Calculation of A -Kolmogorov-Smirnov test

Empirical frequencies Empirical re.lative Accunjlulated empi}rical AbsoluFe value of the
Levels frequencies relative frequencies difference
F, F, 1. £, I, Zf, d=[2f.-3/,

Low 17 12 0,119 0,088 0,119 0,088 0,031

Basic 61 66 0,453 0,476 0,572 0,564 0,008

Sufficient 42 39 0,314 0,274 0,886 0,838 0,048
High 15 23 0,114 0,162 1,000 1,000 0
Total 135 140 1,000 1,000
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For the determination of the samples homogeneity we used A Kolmogorov-Smirnov test. Two hypotheses were
formulated: Hy - distributions of the students according to the level of mathematical knowledge and skills formation in the
control and experimental groups by the cognitive criterion are the same; H; - distributions of the students according to the
level of mathematical knowledge and skills formation in the control and experimental groups by cognitive criterion differ.

Calculation of A - Kolmogorov-Smirnov test is presented in the Table 5.
Maximum discrepancy between the accumulated relative frequencies is d,, = 0,048, then

4. =0,048- |23 140 3979 (1)
: 135+140

According to statistical tables (Sidorenko, 2004) the level of statistical significance 4

p=0,998 was obtained.

Having constructed the significance axis, where critical values 4
significance

correspond to the levels of statistical

=0,3979 was determined and

emn

o0s = 1,36 and 2, =1,63 are shown which
p=0,05 and p=0,01, generally accepted in

psychological-pedagogical studies, we obtained graphic image ( Figurel).

2'0,05

Insignificance zon

Significance zone

>

1,36

1,63

Figure 1. Application of Kolmogorov-Smirnov test for the verification of the homogeneity in the process of the formation experiment of the students'

samples

Table 6. Distribution of the students by the formation levels of mathematical knowledge and skills by cognitive criterion at the beginning and after the

completion of the experiment

Formation levels of the cognitive criterion index
Criterion Samples Low Basic Sufficient High
Type
Before After Before After Before After Before After

EG 17 8 61 39 42 65 15 23

135 11,9% 5,9% 45,3% 28,9% 31,4% 48,1% 11,4% 17,1%
Cognitive

CG 12 10 66 62 39 43 23 25

140 8,8% 7.2% 47,6% 44,3% 27,4% 30,7% 16,2% 17,8%

The determined value A

Figure 1, is located on the left from the critical value

Ayos = 1,36 , i.e., in the insignificance zone. As 4, < 4,,,

then the hypothesis H, regarding the homogeneity of the
students distribution in our samples according to the
formation levels of the mathematical knowledge and skills
by cognitive criterion at the beginning of the experiment is
confirmed. The samples are equivalent and can be used to
determine the efficiency of the implementation of the
developed teaching methods of higher mathematics at
Technical Universities.

After the completion of the formation stage of the
experiment second control testing of the students by the
indices of cognitive criterion of mathematical training was
carried out.

=0,397, as it is seen from

Test work contained tasks of the higher mathematics
course, corresponding to four levels of complexity.

For the sake of convenience of changes comparison in
the distributions of the students by the levels of the indices
formation of cognitive criterion the results of testing will
be located at the beginning and at the end of the formation
stage of the experiment in the Table 6.

As it is seen in Table 6, changes occurred in the
distributions of the students of the control and experimental
samples. Considerable changes occurred in the students of
the experimental sample by the basic, sufficient and high
formation levels of mathematics knowledge and skills.

To substantiate the reliability of the results we use the ¢*
— Fisher angular transformation in combination with the

A -Kolmogorov-Smirnov criterion (Sidorenko, 2004).
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As A -Kolmogorov-Smirnov criterion enables to find the
point of maximum difference between the samples, then
the  combination of ¢*  criterion and
-Kolmogorov-Smirnov criterion gives the valid result. The
obtained data give grounds to think that, the "effect is
present" if by the cognitive criterion mathematical
knowledge and skills correspond to sufficient and high
levels and "the effect is absent", when the level of
mathematical knowledge and skills is at the initial and
middle levels.

Possessing the obtained data, we constructed the table
for the calculation of ¢@*- criterion-- Fisher angular
transformation (Table 7).

Table 7. Data for calculation of Fisher criterion ¢*

"effect is absent" veffect is present”
(low and basic level (sufficient and high
level of knowledge Total
Groups of knowledge after fter th
the experiment) atter the
experiment)
persons % persons % persons
E’;flf;m 47 348 88 652 | 135
Control 72 51,4 68 48,6 140
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Further two hypotheses were formulated:

Hy - share of persons who, by the cognitive criterion
achieved sufficient and high levels in the experimental
group is not greater than in the control group;

H; - share of persons who, by the cognitive criterion
achieved the sufficient and high levels in the experimental
group is greater than in the control group. According to the
statistical tables, ¢, and ¢, were determined, that
correspond to the percentage fractions of the “effect”
presence in  each  group:  ¢,(65,2%)=1,88;
0, (48,6%)=1,543.

Further, the empiric value of the ¢* - criterion:

135-140
= (1,88 =1,543) |~ 2,794 2
¢7e,w1 ( ) 135+]40 ( )

Significance axis is shown in Figure 2.

@..,-0.05

Insignificance zone

Significance zone

1,64

Figure 2.

\2784/

2,31

Significance axis
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Calculated value ¢, =2,794 is in the significance
zone. Level of the corresponding statistical significance
p <0,01. Based on this, the null hypothesis was rejected
and the alternative hypothesis H1 was accepted — the
proportion of individuals in whom the cognitive
component is formed at sufficient and high levels in the
experimental group is greater than in the control group.

4. Discussion

4.1. Criteria for Controlling the Level of Formation of
Mental Actions

The following criteria were used to control the level of

formation of selected methods of mental actions in students:

low level (formal knowledge of definitions, elements of
theory; the technique is used intuitively; there is no logical
thinking.); basic level (they know the definition, structure
of technique, examples of application of technique; make
the plan of action; logical thinking is developed weakly.);
sufficient level (they are able to choose the technique and
substantiate its use; make mistakes in unusual situations.);
high level (they are able to apply the technique
independently and without errors in most cases). directed
at general readers in no more than 20 words.

4.2. Criteria for Controlling the Level of Formation of
Mathematical Knowledge and Skills

The following criteria were used to control the level of

formation of selected methods of mental actions in students:

low level (weakly expressed mathematical skills and
abilities, cannot solve mathematical tasks even by sample);
basic level (they solve problems according to the sample;
use familiar methods of mathematical calculations; the
student performs mathematical modeling with some
difficulty and with outside assistance); sufficient level
(independently solve mathematical problems; show the
ability to use computer technology); high level (have the
skills to wuse mathematical methods and computer
technology to solve educational mathematical problems).

4.3. Analysis of the Results

According to the results presented in tables 1, 2 and 3,
we see that most freshmen have a basic level of
development of selected operational components; the most
difficult for students is to work with abstract images and
draw logical conclusions.

If we analyze in more detail, then: 23% of students use
the techniques of mental actions unconsciously or
intuitively, and in most cases there is no logical thinking;
28% of students are aware of the content of the technique
through its verbal description, generalization and
compilation of an indicative basis for its use, while logical
thinking is developed not enough; 25% of students use the
technique independently, they have well-developed logical
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thinking, but students can make mistakes in unusual
situations; 24% of students can comprehensively apply
various techniques of algorithmic thinking, able to
consciously control their mental activity in the process of
working on the task and think logically.

The generalized data presented in Table 10 show that in
the experimental groups the proportion of students whose
knowledge in higher mathematics reached "sufficient" and
"high" level after applying the proposed method increased
(43% - before, 65% - after).

5. Conclusions

The results of the study showed that: the problem of
algorithmic thinking formation of schoolchildren and
students is generally recognized in the world; only a small
number of students are able to apply the operational
components of algorithmic thinking comprehensively in a
holistic process of solving various problems, manage their
mental activity consciously and think logically; if students
develop techniques of mental actions, which are the main
components of algorithmic thinking (the ability to
generalize, classify, draw analogies, establish patterns and
reason logically), it contributes to better learning of higher
mathematics.
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