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DEVELOPMENT OF ALGORITHMIC COMPETENCE OF STUDENTS IN
MATHEMATICS LESSONS USING INFORMATION AND COMMUNICATION
TECHNOLOGIES

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. 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 a necessity for the digitalization of modern life.

Keywords: algorithmic competence, mathematical literacy, ICT literacy, teaching
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MaremaTuka cadaKTapbIH/Ia aKNAPATTHIK-KOMMYHHKAIUSUIBIK TEXHOJIOTHSIJIAPAbI
naiaanany apKbLibl OKYIIBLIAPABIH AJITOPUTM/IIK KY3bIPETTJIIrH 1aMbITY

Anjparna. byn makanaga 6itiM Oepy cayiachiHAa CTYASHTTEPAIH MaTeMaTHKAHbI OKBITYIaFbI
ATOPUTMIIK KY3BIPETTUIITH JaMBITYFa OaFbITTalIFaH 3€pTTEYNIEp JKYPIi3eTiH FhUIBIMU €HOeKTepre
KBICKaIlla IOy JKacajiajpl. 3EPTTEYIIH HETI3ri MaKcaTbhl — aKMapaTThIK-KOMMYHHKAIUSIIBIK
texnonorusutapabiH (AKT) kemeriMeH CTyneHTTepHiH alrOpUTMIIK KY3BIPETTUIIrH JaMBITYIbIH
MaHbBB3ABUIBIFBIH KepceTy. Conjpaii-ak, maremarnka cabakrapeinga AKT apKpuibl ajaropuTMIiK
KY3BIPETTIIIK YFBIMBI MEH OHBIH KaJIBINITACYbI KAWIBl KapacThIPbUIAAbI. AJITOPHUTM KYPY apKbUIbI
€CEITIH emKeH-TerKeWIl menimi cunaTtaarad. MaTeMaTHKaIaH eCenTep MIBIFAPYAbIH YChIHBUIBIT
OTBIpFaH MOJICTI OKYIIBUIAPABIH MAaTEMAaTUKAIBIK cayarThUlblFbIH koHe AKT camaceiHIarbl
OKYIIBUIAPJIBIH CayaTTBUIBIFBIH JaMBITY VIIH Mmaiaansl Oomansl. OKy YIEpIiCiH aJrOpUTMICY
apKBUIBI «MaTEMATHKAIBIK CayaTThUIBIKY TOHIH OKBITYABIH aBTOPJIBIK 9/IICTEMECIHIH 3JIEeMEHTTEp1
OepinreH. ¥ ChIHBUIBII OTBIPFAH OKBITY 9/1iCi OKYIIBLIAP/IBIH 63 XKayaOblH, 63 Ke3KapachklH OLIAIpIIL,
KATeJeCYJCH KOPBIKNAH, WHTYHMIMACHIH, JIOTHMKAchlH JambITyFa bIKHan eremi. AKT apkpuisl
MaTeMaThKa cabarblHa OKYIIBLUIAPBIH aJTOPUTMIIIK KY3BIPETTUIIIH JaMbITy OYTiHT1 KYH1 ©3€KTi
Oompim Kama Oepedi JereH Hues Heri3/eneli, OWTKEeHI OyJl MaTeMaTHKAIbIK CayaTTBUIBIK IE€H
aKnapaTThIK-KOMMYHHKAIMSIIBIK TEXHOJIOTHSJIAP CalaChIHIAFbl CayaTThUIBIKTBI OaranmadThiH PISA
oarmapnamacel (Programme for International Student Assessment) menOepiHaeri XabIKapaiblK
3epTTeyiepie epekiie atan oTuireH. OKy, TAaHBIMJIBIK JKOHE MPAKTHUKAIBIK MOCEIEIep/Il My YIIiH
Oenrizep MeH OenruiepAl, MoJeIbAep MEH ChI30anapabl Kacay, KOJJaHy JKOHE TYPJICHIIPY, COHail-
aK anbplHFaH HOTIKeNepai Oaramay Ka3ipri eMipii UUGPIaHABIPYIbIH KaXETTUTIr  OOJBII
TaOBLIAAbI.

Kiar ce3mep: anroputMaik Ky3bIpeTTiIiK, MaTeMaTUKaNbIK cayarThulblk, AKT camaceiHnarsi
CayaTThUIBIK, MATEMAaTUKAHBI OKBITY, aKIaPaTThIK-KOMMYHHUKAIHSUTBIK TEXHOJIOTHSLIIAP.
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PazButue anropnTanecxoﬁ KOMIICTCHIHUHA YYalIUXCHA HA YPOKAX MATEMATHKH C
HCITOJb30BAaHUEM I/IH(l)OpMa].[I/IOHHO-KOMMyHI/IRaI[I/IOHHLIX TEXHOJOTuid

AHHOTauusi. B JaHHOW cTaThe NPUBOIUTCS KpaTKUK 0030p HaydHbIX paboOT, aBTOPHI
KOTOpPBIX MPOBOAST HCCIeNoBaHUS B cdepe 0OydyeHHs, HalpaBIIEHHOTO Ha pa3BHUTHE
ATOPUTMUYECKON KOMIIETEHIIMM Y4Yaluxcsi npu oOydyeHun wmaremaTuke. OCHOBHas 3ajaua
WCCIIEIOBaHMS — TOKa3aTh BAXXHOCTb PA3BUTHS y YYalllUXCS aITOPUTMUYECKOW KOMIIETEHLUHU C
MOMOILBI0 MH()OPMAITMOHHO-KOMMYHHUKAIIMOHHBIX TexHonorui (MKT). A takke, paccmMarpuBaercs
MOHATHE M (HOPMUPOBAHME AITOPUTMHUYECKONM KOMIIETEHIIMM HAa 3aHATUSIX MaTeMaTHKU
nocpenctBoM HMKT. Omnucano mnoapoOHOe pelleHue 3aJadyd € COCTaBJICHHEM ajropuTMa.
[IpennoxkeHHass MoOJeNb pelIeHUs 3aJady [0 MaTeMaTHKe OyAeT ToJie3Ha Ui pa3BUTHUSA
MaTeMaTHYECKOM rpaMOTHOCTH yJaluxcs U rpaMoTHocTH ydanuxcs B chepe UKT. IIpencrapnensl
3JIEMEHTBl AaBTOPCKOM METOAMKH IPENOJABaHUsl IpeAMeTa «MaTeMaTHdecKass I'PaMOTHOCTb» C
IPUMEHEHHEM alToOpUTMH3alMK ydeOHoro mpouecca. IIpemmaraemass mMeTonuka NpenofaBaHUs
CHOCOOCTBYET pPAa3BUTUIO HMHTYHMIIMH, JIOTUKH Yy Y4YalllUXCS, YYEHUKH He OO0ATCS OMMOUTHCH,
BBICKa3bIBasi CBOM OTBET, CBOIO TOUYKY 3peHHs. (OOOCHOBBIBAECTCS MBICIb O TOM, YTO Pa3BUTHE
ANTOPUTMHUYECKON KOMIIETCHIIMH y yJalluxcsa Ha ypokax maremaTtuku nocpencrsom UKT ocraercs
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aKTyaHBHOfI Ha CCFO,Z[HSIIHHHI)'I AC€Hb, TaK KaK O3TO IIOJYCPKHUBACTCA MCKIAYHAPOAHBIMU
uccienoBanusiMu o nporpamme PISA (Programme for International Student Assessment), rae
OLCHUBAKTCA MaTreéMaTH4€CKasd TIpPaMOTHOCTb W TI'pPaMOTHOCTH B C(bepe I/IH(bOpMaI_[I/IOHHO-
KOMMYHHKAaTHBHBIX TEXHOJIOTUH. YMeEHHe co3gaBaTrb, INPUMCHATL U HpCO6p8,30BLIBaTb 3HaKu "
CHUMBOJIbI, MOACIIU U CXEMbI IJIA PCIICHHA y‘IC6HLIX, IIO3HAaBATCIbHbBIX M INPaKTHYCCKUX 3aJad, a
TAKIKC OLCHUBATL IMOJYUYCHHBIC PE3YyJIbTAThl — 3TO HGOGXO[[I/IMOCTL I_[I/I(i)pOBI/ISaLII/II/I COBpeMeHHOﬁ
JKHU3HU.

KuoueBble cjoBa: AJITOPUTMHUYCCKAsd KOMIICTCHIMA, MAaTreéMaTu4deCKad IpPaMOTHOCTbD,
rpamotHOCTh B cepe HKT, oOydenwme wmaremaTuke, HHPOPMAIMOHHO-KOMMYHHKAIIMOHHBIE
TEXHOJIOTHUH.

Introduction

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 [1].

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].

Research methods

Research methods: general didactic teaching methods (methods for the formation of new
knowledge and skills, methods of consolidation, methods of control), analysis, math 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.

Results and Discussions

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 [3, p.571].

Algorithmic competence is a constituent component of competence in the field of information
and communication technologies (ICT competence). The concept of «algorithmic competencey,
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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 [4, p.19].

Based on the approaches to the concept of «competence», presented in the works of
ILA. Zimney, A.V. Khutorsky, B.S. Gershunsky, it is possible to clarify the concept of «algorithmic
competencey.

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, p.21]. 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 [2, p. 8].

Popova V.V. [5, p. 41] in his study studies the formation of algorithmic competence of
students - future ICT specialists.

The article by Cetin Giiler [3, p. 580] deals with the skills of algorithmic thinking without
computers. Korchemkina Yu.V. [6] 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.

We are close to the position of L.N. Udovenko [7], 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 [5, p.119].

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,
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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.

I I

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. Csemicircle=nr; P1=2r+2a, where P1 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 = r+ 2r+2a, hence we express a.

We have a = w (%).

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

2

S(n= % + 2ar.

P—r(m+2)
2 H

mr? P-1(m+2) A- . . . . .
S(nN= -+ 2r — Simplify and differentiate the resulting equality.
We get S'(r)= nr+P- 2r(n+2)

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

3. In the equality S(r), we replace S(r) = "Trz + 2ar,a = using equality (*).

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

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 [8].

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 [9].

Conclusions

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
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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 [10].

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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