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Abstract. This article provides a brief overview of scientific works, the authors of which
conduct research in the field of education aimed at developing the algorithmic competence of
students in teaching mathematics. The main objective of the study is to show the importance of
developing students' algorithmic competence with the help of information and communication
technologies (ICT). And also, the concept and formation of algorithmic competence in
mathematics classes through ICT is considered. A detailed solution of the problem with the
development of an algorithm is described. The proposed model for solving problems in
mathematics will be useful for the development of mathematical literacy of students and literacy
of students in the field of ICT. The elements of the author's methodology of teaching the subject
"mathematical literacy" using the algorithmization of the educational process are presented. The
proposed teaching method contributes to the development of intuition, logic in students, students
are not afraid to make mistakes, expressing their answer, their point of view. The idea is
substantiated that the development of algorithmic competence in students in mathematics lessons
through ICT remains relevant today, as this is emphasized by international studies under the PISA
program (Programme for International Student Assessment), which assesses mathematical literacy
and literacy in the field of information and communication technologies.
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Introduction

Studying development aspects of algorithmic competence of students in
mathematics lessons, we contribute to the implementation of one of the goals of the
State Program for the Development of Education and Science of Kazakhstan
Republic for 2020-2025 - increasing the global competitiveness of Kazakhstan
education and science, bringing up and educating a person based on universal values,
increasing the contribution of science to the socio-economic development of the
country [1]. Modern innovations in education and economy, changes in the labor
market necessitate cause the possession of skills that can allow students to analyze
and evaluate the situation, information for solving problems, creatively use existing
knowledge and experience to gain new knowledge. The skills of mastering
information and communication technologies become relevant [2].
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In 2017, Kazakhstan became a member of two relevant OECD committees -
the Committee on Education Policy and the Committee on Science and Technology
Policy, which indicates the international recognition of the achievements of the
Kazakh education system.

However, in the domestic system of education and science there are a number
of topical issues that need to be addressed. According to the results of the OECD
Program for the International Assessment of Adult Competences (16-65 years old)
(PIAAC), Kazakhstan ranked below average in numeracy and information and
communication technology literacy.

The results of an independent examination in assessing the knowledge of
graduates in mathematics, the results of international studies (PISA) highlighted a
number of problems. In particular, difficulties were found in solving problems of a
practical nature, where mathematical knowledge and skills should manifest
themselves in any context. In other words, students experienced difficulties in
building mathematical models, drawing up action algorithms, and transferring a
known solution method to new conditions.

Nowadays, there remains a need to create pedagogical conditions and
technologies that ensure the formation of skills to apply knowledge in non-standard
situations. Therefore, active search for new ways and means to form and develop
initiative, flexibility of thinking, independence, and the ability to transfer knowledge
into the field of practical activity is existing [3].

Basic provisions

The purpose of the study is the methods of forming students' algorithmic
competence by the use of information and communication technologies in
mathematics lessons.

Algorithmic thinking skills can be considered one of the necessary skills for
everyone in modern world. Individuals and society live at a time when they cannot
abandon the use of information and communication technologies (ICTs). Thus, they
must be ICT literate [4].

Algorithmic competence is a constituent component of competence in the
field of information and communication technologies (ICT competence). The
concept of "algorithmic competence”, presented in the works of L.N. Udovenko,
Yu.V. Korchemkina, V.V. Kalitina, M.V. Kondudar can be summarized as the
ability to create an algorithm and implement it as a software product [5].

Based on the approaches to the concept of "competence", presented in the
works of I.LA. Zimney, A.V. Khutorsky, B.S. Gershunsky, it is possible to clarify the
concept of "algorithmic competence".

Algorithmic competence is a set of knowledge of the main algorithms of the
course being studied and the ability to use them in solving problems of a certain
range, the ability to combine known algorithms and create new ones, the willingness
to apply the algorithmization process in various subject areas [5]. In the process of
teaching mathematics, the formation of algorithmic competence is dynamic in
nature, subject to the principles of "continuity, systemacity, succession and staging".



The analysis of the literature showed that the improvement of the process of
teaching students through algorithmization was reflected in the studies of I.N.
Antipova, V.A. Dalinger, V.M. Monakhova, Yu.A. Makarenkova, M.P. Lapchik and
others L.N. Landa first introduced the definition of an algorithmic approach to
learning. The problems of forming the foundations of algorithmic culture were the
subject of research by foreign teachers (R. Kaiser, A. Speck, G. Krummerheuer, S.
Kaune, P. Kadunts), who analyzed the educational potential of various subject areas
- mathematics, physics, chemistry, geography, cultural studies, pedagogy and
psychology [3].

Popova V.V. [6] in his study studies the formation of algorithmic competence
of students - future ICT specialists.

The article by Cetin Guler [4] deals with the skills of algorithmic thinking
without computers. Korchemkina Yu.V. [7] in her study analyzes the possibility of
using an algorithmic approach in teaching linear algebra to students with advanced
study of computer science and its impact on the formation of professional
competencies of future bachelors.

Materials and Methods

Analysis, pedagogical modeling. The object of the study is the process of
teaching mathematics at the senior level of general education. The subject of the
research is the method of teaching the algorithmization of students in mathematics
lessons using information and communication technologies.

We are close to the position of L.N. Udovenko [8], where the methodological
possibilities of the competence-based approach of the methodological base in the
development of the algorithmic content-methodological line in school mathematics
are considered. The author identified four levels of algorithmic competence
development. Through comparison, the article provides their distinction, describes
the nature of the manifestation of algorithmic competence at each level. The
differences between the logical-algorithmic and creative levels from the subject and
attributive ones, as well as the ways of forming algorithmic competence are
indicated.

The theoretical analysis of the study and educational practice made it possible
to highlight the following key points:

- firstly, the development of algorithmic competence in students in
mathematics classes through ICT remains relevant today, which is emphasized by
international studies under the PISA program (Programme for International Student
Assessment), which assesses mathematical literacy and literacy in the field of
information and communication technologies;

- secondly, the ability to create, apply and transform signs and symbols,
models and schemes to solve educational, cognitive and practical problems, as well
as evaluate the results obtained is the need for the digitalization of modern life.

Popova V.V. proposes teaching mathematics in such a way that the result of
solving a problem, depending on its nature or practical purpose, the student could
receive not only in the form of a number, formula or graph, but also, if possible, in



the form of an algorithm or a block diagram of an algorithm. This method of
developing algorithmic competence can be adapted for school students [6].

So, when studying a certain topic, you can tell students from the very
beginning that the result of their work (including independent work) should be an
algorithm for solving a certain type of problem. It is necessary to draw the attention
of students to the fact that they will have to not only solve the proposed problems,
but also formalize their reasoning in the form of an algorithm, consider possible
solutions, summarize and analyze the results obtained. In order to master the topic
under study, the teacher needs not only to teach the student to solve problems of a
particular type, but also to recognize many of these problems in real life and apply
the resulting algorithm in practice.

We offer students a task: to write an algorithm and solve a problem. “The
section of the tunnel with a perimeter of 18 meters should have the shape of a
rectangle, completed with a semicircle. Find the radius of the semicircle at which
the cross-sectional area of the tunnel will be the largest.

Consider the compilation of an algorithm and the solution of this problem.

To solve this problem, it is advisable to build a drawing Figure 1 so that
students can clearly see and understand what is being said.

T T

Figure 1 - Schematic representation of the tunnel

1. Consider the figures that make up this figure and write down the perimeter.
The first figure is a semicircle, the second figure is a rectangle. Ceemicircle=r;
P1=2r+2a, where P; is the perimeter of the rectangle, excluding one side, r is the
radius of the semicircle, and a is one of the sides of the rectangle. Then, Prigures = mr+
2r+2a, hence we express a.

We have q = =772 (1),

2. Let's make the dependence of the cross-sectional area of the figure on the
radius

S(n= nTrz + 2ar.

3. In the equality S(r), we replace S(r) = = + 2ar,a = “7"2, using
equality (*).
S(r)= """+ 2r 72, Simplify and differentiate the resulting equality.

We get S/()= nr+P- 2r(n+2)
4. Solve the equation S'(r)=0, i.e. nr+P- 2r(z+2)=0, relatively to r.
5. Solving this equation, we have r:%



6. Substitute the known value P=18m from the condition of the problem, we
get

r=—, r~2,5m.

Approximate student response (algorithm):

1. Consider the figures, write down the formula for finding the perimeter.

2. Compose the dependence of the cross-sectional area of the figure on the
radius.

3. Differentiate and solve the resulting equation.

4. Substitute the known data of the problem and find the desired value.

In the course of solving this problem, it is possible to discuss such properties
of algorithms as mass character, certainty, and effectiveness, emphasize the
convenience of using the algorithm, and identify the main difficulties that arose
during its compilation. For the formation of algorithmic competence, it is important
to observe the principle of staging, that is, in the learning process, based on the level
of preparedness of students, rely on their capabilities and take into account the speed
of assimilation of the material.

Work is carried out frontally. Colored zones (green, yellow, red) have been
prepared in advance for recording (or attaching) student responses. In the green zone,
we will add student options that are proposed to follow when solving the problem.
The teacher asks the opinion of each student, the opinion of the majority is taken
into account. However, individual responses are not excluded. In the yellow zone
we will transfer the answers of students (2-3 answers) which, according to the
students, are the closest to the true answer of this task. In the red zone from the
yellow, we will transfer the correct answer.

The task condition can be displayed on the screen using a projector. Students
learn to work with information presented in various forms (text, tables, diagrams,
scheme, pictures, drawings).

With the help of the proposed methodology, the algorithmic competence of
students is developing in the study of mathematics, by working out step-by-step
actions.

1. The teacher reads the problem, showing the importance of each word,
drawing the students' attention to the fact that all the words from the condition carry
a certain meaning.

2. Students are invited to read the problem, given time to think about the
solution. Students try to select the necessary data if the task contains redundant
information.

3. Students solve a problem, simulate a situation, think, sort out possible
solutions, use the trial and error method, offering their own solution (algorithm or
flowchart), all student answers are recorded (or attached if working with stickers) on
a green zone.

4. The teacher, together with the students, analyze all the solutions (algorithm
or block diagram) that are in the green zone, selecting 2-3 solutions (algorithm or
block diagram) that most satisfy the solution of the problem, and these solutions
(algorithm or block -scheme) are transferred to the yellow zone.



5. Analyzing the solutions (algorithm or flowchart) that are in the yellow zone,
together with the students of the class, the correct solution (algorithm or flowchart)
Is determined that satisfies the condition of the problem and write it down in the red
zone. As homework, we offer students a solution to problems, taking into account
the division of students into groups of humanitarian and natural-mathematical areas.
Moreover, the condition of the tasks of an easy degree of difficulty will be written
on green sheets, of an average degree of difficulty - on yellow sheets, of a high
degree of difficulty - on red sheets. When checking homework, it will be clearly seen
how the quality of students' knowledge is growing. That is, the more yellow and red
sheets during the test, the higher the quality of knowledge.

After the qualitative development of tasks, a real improvement in the quality
of students' knowledge, you can move on to individual tasks.

The tasks are distributed as follows, as shown in Table 1 (Table 1).

Table 1. Distribution of tasks by difficulty levels, depending on the execution time

Class, direction Time to complete one task
1 2 3
Humanitarian Natural-mathematical

Number of tasks of easy complexity (%) Up to 2 min

50 \ 20
Number of tasks of medium complexity (%) 2 min

30 \ 30

Number of tasks of high complexity (%) More than 2 min
20 | 50

After the qualitative development of tasks, a real improvement in the quality
of students' knowledge, you can move on to individual tasks. To determine the
degree of difficulty of the task and the time it takes to solve it, there is a base for
preparing for the UNT, where using the program in the filter you can set the required
time spent on solving one problem and get a selection of tasks.

The proposed method of teaching mathematical literacy contributes to the
development of intuition, logic in students, students are not afraid to make mistakes,
expressing their answer, their point of view. Also, the advantage of this type of work
is that all students in the class can be involved in active mental work. Periodically,
with such work, you can use a survey with a delayed response. With such a survey,
after the question, a pause is maintained for 30-40 seconds. This allows you to
respond not only to those who think quickly. Delayed reaction helps to attract to
work and less energetic students, who take a passive position in the usual survey.

To apply this technique in the work of a teacher, you can use information and
communication technologies (ICT):

First, prepare a Microsoft Power Point presentation with the condition of the
tasks that will be solved in the lesson.

Secondly, using the capabilities of ICT, divide the slide displayed on the
interactive whiteboard into three parts, depicting a green, yellow, red zone for
recording the solution (answer) of the problem.



Thirdly, after writing down the options for solving the problem in the green
zone, the desired answers can be copied and transferred to the yellow zone. Repeat
the same for the red zone.

Results

We will conduct classes according to the proposed method in the form of an
experiment with two groups of children. With the first group, consisting of n people,
a scheme for solving problems will be analyzed, problems will be solved, including
applied ones, without compiling an algorithm and using a computer. In the second
group, numbering m people, the same thing will be done (perhaps in a smaller
volume), but in addition it will be necessary to create an algorithm for solving
problems and propose to solve part of the problems using the Mathcad package.
Mathcad is a computer algebra system from the class of computer-aided design
systems, focused on the preparation of interactive documents with calculations and
visual support, it is easy to use and apply for teamwork. Then a verification work
was carried out, composed of three levels of complexity: basic, medium and
advanced. When solving problems, students will have the opportunity to use a
computer. Students who are able to create algorithms, use them and apply computer
programs will certainly show interest in tasks of increased complexity, while
achieving certain results [9].

It cannot be argued that it is advisable to accompany the teaching of the entire
mathematics course at school with algorithmization and the use of computer
programs, but even small inclusions of algorithms in the educational material and
providing students with the opportunity to use ICT in the classroom improve the
quality of teaching mathematics and increase students' motivation to learn. The use
of flowcharts in mathematics classes not only allows you to present the progress of
solving the problem in a visual form, but also obliges students to take a more
responsible approach to the solution: think through each step, consider possible
solutions, optimize the process and critically evaluate the result. The ability to
formulate one's reasoning and the course of a decision in the form of an algorithm
or a flowchart of an algorithm is a necessary component of the development of
algorithmic competence.

Of the two existing methods of teaching algorithms (communication of ready-
made algorithms; leading students to discover the necessary algorithms on their
own), the latter is a variant of the heuristic method of teaching and is a description
of the teacher's teaching activity with the help of instructions, rules, sequences of
actions of an algorithmic type, with the help of which the teacher solves certain
didactic problems [10].

Discussion and Conclusion

In conclusion here are the main points: when organizing teaching mathematics
in the proposed way, the formation of algorithmic competence accompanies the
entire process and does not require a radical revision of the content of the educational
material, allowing the teacher to work within the framework of the curriculum and
in the amount of hours allocated for its assimilation. In the future, the following



directions are possible: studying the methodology for developing the algorithmic
competence of students through ICT, introducing the developed methodology into
the educational process of the subject of mathematics, conducting training seminars
and master classes for mathematics teachers in order to improve the quality of
teaching in school education.

In developing students’ mathematical knowledge, the teacher may ask
students to explain and discuss various solution methods, verbally link
representations and concepts, present mathematical situations in different ways, and
invent their own procedures. For computational procedures to be efficient, accurate,
and correct, it is important that the teacher pays attention to student understanding
and that students have time to practice. To develop flexibility in mathematics,
teachers may challenge students with non-standard problems for which they do not
immediately recognize the appropriate solution method. Students may also find it
helpful to focus on multiple approaches to these non-routine problems. It includes
calling on students to explain, justify, and prove solution methods, problem solving,
and mathematical results. When dealing with problems in context, the teacher can
offer confirmation of the authentic aspects of the problem. Students can also
participate in discussions about the authenticity of various aspects of contexts. The
contexts used may come from life outside of school and may not initially have an
educational purpose in terms of practicing math skills. However, assignments can
offer new insights and knowledge about the contexts they are in, whether real world
contexts or cross-curricular contexts.
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Anparna. byn wMakanmaga aBtopiapbl  OuriM  Oepy callachlHIA —CTYACHTTEPAiH
MaTeMaTUKaHbl OKBITYJIaFbl AITOPUTMAIK KY3BIPETTUITIH JaMBITyFa OarbITTaIFaH 3epTTEyep
JKYPri3eTiH FBUIBIMH €HOEKTepre KhICKallla IIONY jKacalaJbl. 3epTTEYAiH HEri3ri MakcaThl —
aKIMapaTThIK-KOMMYHUKAIMSUIBIK ~— TexHonorusmapasiH  (AKT) kemeriMeH — cTyneHTTEpIiH
AITOPUTMIIK KY3BIPETTUIITIH AaMBITYIBIH MaHBI3IBUIBIFBIH KopceTy. COoHIal-ak, MaTeMaTHKa
cabakrapeinna AKT apkbuibl anropuTMAIK — KY3BIPETTUTIK YFBIMBI  MEH  KaJbIIITaCybl
KapacTBIPbUIAJIbl. AJTOPUTM KYPY AapKBUIBI €CENTIH eIrKeH-TeTKeil MIemiMi CUIaTTaIFaH.
MaremaTtukanan ecenTep IIBIFAPYABIH  YCBHIHBUIBIN ~ OTBIPFAaH  MOJENI  OKYIIbUIAPAbIH
MaTEeMATHKAIBIK cayaTThUIbIFbIH koHe AKT camachlHarbl OKYIIBLIIAPBIH CayaTTHUIBIFBIH
JaMbITy YIIH maiinansl 6omaapl. OKy yAepiciH alropuTMaey apKbUIbl «MaTEMAaTHKAIBIK
CayaTThUIBIK» TIOHIH OKBITYABIH aBTOPJIBIK OIICTEMECIHIH AJeMEHTTEpl OepinreH. Y CHIHBLIBII
OTBIPFAaH OKBITY 9JiCI OKYIIBUIAPIBIH ©3 >KayaOblH, ©3 Ke3KapachblH OuIIipin, KaTelecyieH
KOPBIKITal, WHTYUIUSACHIH, JIOTHKAchlH aaMbITyFa bIKnan eremi. AKT apkpiiel mMaTemaTthka
cabarpIH/Ia OKYIIBLUIAP/IBIH ATOPUTMIK KY3IpETTUIIrH JaMbITy OYT1HT1 KyHI ©3€KTi OOJIBII Kala
Oepeni gereH waes Heri3AelNeil, OWTKEeHI Oy MaTeMaTHKAaJIbIK CayaTTBUIBIK MEH MaTeMaTHKa
caJachIHIarbl CayaTThUIBIKTBI OaramaiTeiH PISA Garmapiaamacer (Programme for International
Student Assessment) reHOepiHaeri XalbIKapajiblK 3epTTeyJeple €peKile aTam OTUIreH.
aKMapaTThIK-KOMMYHUKAIMSUIBIK ~ TeXHomorusinap. OKy, TaHBIMABIK JKOHE TMPAKTHKAIIBIK
MocesIeNep Il ety YIliH OeNnTiiep MeH OeNriaepii, MOJIEThEP MEH CXeMajlap bl xKacay, KOJIIaHy
KOHE TYPJCHJIIPY, COHAi-aK aJlbIHFaH HOTHXKeepAl Oaranay Kazipri eMipal HUQprIaHabIpyabIH
Ka)KETTUIIr1 00BN Ta0bLIAAbL.

Tipek ce3aep: anropuTMIIK KY3bIPETTLTIK, MATEMAaTHKAIBIK CayaTThUIBIK, MaTeMAaTUKAHbBI
OKBITY, aKIapaTThIK-KOMMYHUKAIUSIIBIK TEXHOJIOTHSIIAP

INMPUMEHEHME NTHO®OPMAIIMOHHO-
KOMMYHUKAIIMOHHBIX TEXHOJIOT U HA YPOKAX
MATEMATHKHN, KAK OAUH U3 METOAOB PAZBUTUA
AJTOPUTMHUYECKONW KOMIETEHIIUUN YUYAIIIUXCS
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*1n.n.n., mpodeccop, XKerbicyckuit ynusepcutet um. W. XKancyryposa,
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21.1LH., podeccop, T'opHO-AnTaiicKuii rOCY1apCTBEHHBINH YHUBEPCHUTET,
["opHo-Aunraiick, PecryOnuka Anraii, Poccus, e-mail: tealbina@yandex.ru
$nokropanT, Kokimerayckuii yausepeuret um. 111, Yanuxanosa
Koxkmeray, Kazaxcran, e-mail: lyubakarassyova@mail.ru

AHHoTauusi. B nanHOl cTaThbe NMpUBOJAUTCS KpaTKuil 0030p Hay4yHBIX padOT, aBTOPHI
KOTOPBIX IMpPOBOJAT HCCIeNOBaHUs B cdepe oOOydeHHs, HANpaBIEHHOTO Ha pPa3BUTHE
QITOPUTMUYECKOW KOMIETEHLIMH YyYallluxcsi Npu oO0ydeHHH MartemaTnke. OCHOBHas 3ajaya
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HCCJIE0BAHMS — MOKA3aTh BAKHOCTh PA3BUTHS Y YYALIUXCS aITOPUTMUYECKON KOMIIETEHLIUH C
MOMOIIbI0  HMH(DOPMALMOHHO-KOMMYHHUKAIIMOHHBIX — TexHojorumit  (UKT). A Takke,
paccMatpuBaeTcsl MOHATHE M (OPMUPOBAHME ANTOPUTMUYECKON KOMIIETEHIIMM Ha 3aHSATHIX
matematuku mnocpeactBom MKT. Omucano moapoOHOE pelieHue 3aJaddl C COCTaBIICHHUEM
anroput™ma. [lpeayioxkeHHass MoJenb pelIeHUs 3aJad [0 MaTeMaTuke OyAeT moJjie3Ha s
Pa3BUTH MaTeMaTHYECKOW IPaMOTHOCTH YYaIIMXCsl M TpaMOTHOCTH ydammxcs B cepe MKT.
[IpencraBiensl 3J€MEHThl aBTOPCKOM METOJIMKH NPENOJaBaHUs IMpEeAMeTa «MaTeMaThdecKas
IPaMOTHOCTB)» C MPUMEHEHUEM JITOPUTMHU3ALUH ydeOHoro mpouecca. [Ipeanaraemas meroauka
MpenoAaBaHusl CIIOCOOCTBYET Pa3BUTHIO MHTYHIIMH, JOTHKH Yy YYalllUXCs, YIEHUKH HE O0sTCS
OIIMOUTHCSI, BBICKA3bIBasi CBOM OTBET, CBOKO TOUKY 3peHUsi. OOOCHOBBIBACTCSI MBICIB O TOM, YTO
pa3BUTHE ANTOPUTMUYECKON KOMIIETEHUMHU y y4YallUuXCsl Ha ypOKaxX MaTEeMaTHUKH MOCPEICTBOM
HUKT ocraercs axkTyalbHOM Ha CErOAHSAIIHMNA JEHb, TAaK KakKk »JTO MOJYEPKUBACTCA
MEKIyHAPOIHBIME HCClIeAoBaHusAMHE 110 mporpamMme PISA (Programme for International Student
Assessment), rae OLEHHUBAIOTCS MaTeMaTHYecKas IrPaMOTHOCTh W TPaMOTHOCTh B cdepe
MH(OPMALIMOHHO-KOMMYHUKATUBHBIX ~ TEXHOJIOTUHA. YMEHUE co37aBaTh, MPUMEHATH U
peoOpa30BhIBATH 3HAKA U CUMBOJIBI, MOJICIIA U CXEMBI JJIsl pelIeHUs YU€OHBIX, TO3HABATEIIHHBIX
U TPAaKTHYECKHUX 3a7ad, a TaKKe OIEHUBATh MOJyYeHHBIC Pe3yabTaThl — 3TO HEOOXOJUMOCTH
nr(poBU3aIIUU COBPEMEHHOM JKU3HHU.
KuroueBble cjioBa: ajropuTMUuYecKass KOMIIETEHIMs, MaTeMaTH4eCcKas I'PaMOTHOCT,
00ydyeHue MaTeMaTUuKe, MHPOPMAIIMOHHO-KOMMYHUKAIIMOHHBIE TEXHOJIOTUU
Cmamuws nocmynuna 11.04.2022



