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THE FORMATION OF INFORMATICS COMPETENCY FOR FUTURE COMPUTER SCIENCE TEACHERS
IN THE PROCESS OF STUDYING COMPUTER MATHEMATICS

ABSTRACT

TRelevance and expediency of introduction of a training course of computer mathematics for students of “Secondary Education (Computer
Science)” is caused by necessity of use of computer equipment with the corresponding software almost in all areas of human
activity; the fact that computer mathematics is one of priority directions of research work both in the field of mathematical
sciences, and in the field of computer science. Computer mathematics is a field of applied computer science in which problems of
development, implementation and use of information technologies for solving mathematical problems are studied. The purpose
of teaching computer mathematics is to study and use computer mathematics systems by students to solve applied problems; to
master the conceptual and terminological base of modern computer science as a fundamental science; to master theoretical
fundamentals of computer science related to formal systems, knowledge bases and models of their representation, models and
algorithms of decision making.

Formulation of the problem. The study of computer mathematics by future computer science teachers and the use of modern systems of computer
mathematics to solve applied problems, creates their system of professional competencies, in particular, informatics competencies in
computer mathematics, informatics and mathematical competencies and skills to use modern information technology to analyze
mathematical models of processes and phenomena from a variety of fields of knowledge and human activities.

Materials and methods. To achieve this goal, the following research methods were used: analysis of scientific and pedagogical literature on
the research topic; analysis of curricula, work programs and manuals on the subject "Computer Mathematics"; empirical methods
(questionnaire, conversation, pedagogical observation, modeling).

Results. This paper has built the model of building informatics competence within the professional competence of the future computer science
teacher at the expense of integration of mathematical and information knowledge on the basis of mathematical modeling in
environments of systems of computer mathematics, as these systems are an effective means of realization of inter-subject
connections of computer science with other subjects of a natural-mathematical cycle.

Conclusions. The study of "Computer Mathematics" courses by future computer science teachers, using computer mathematics systems,
contributes to the formation of components of the information competence system in the field of information, mathematical and
computer modeling.

KEY WORDS: professional competence, informatics competence, computer science teacher, computer mathematics, systems of computer
mathematics.

INTRODUCTION

Transition to a new generation of industry-specific standards of higher education through a competence-based approach
is a necessary step on the way to reforming the education system in Ukraine, in particular, reforming the teaching of mathematics
and computer science. Person-oriented education, introduction of innovations and communication technologies, creation of
modern means of education is a priority in the educational process. Application of computer mathematics systems as a means of
education through a competence-based approach creates conditions for bringing education closer to the needs and requirements
of the labor market, further development of educational technologies and the education system as a whole. General regularities
and theoretical bases for the application of computer mathematics systems in the educational process of training future
computer science teachers are based on the implementation of interdisciplinary relations and the development of professional
competencies of students studying mathematics and computer science.

© V. Chernenko, 2021.
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The purpose of the article. Development of methodical aspects of building informatics competencies of future computer
science teachers in the process of studying computer mathematics.

An important trend of modern pedagogical education is the integration of traditional methodical systems of teaching various
subjects with modern information and communication technologies through a competency-based approach to learning.

A. V. Khutorskoi, the developer of the theory and methods of competence-based education, has noted that the competence-
based approach assumes that students do not master separate knowledge from each other, but master it in a complex way, and in
its turn, allows applying the knowledge, skills and abilities gained in specific life situations (Khutorskoi, 2005). He defines competence
as a set of interrelated qualities of a person (knowledge, skills, abilities, ways of activity), defined in relation to a certain range of
subjects and processes and necessary to act in a qualitative and productive way in relation to them.

V. |. Baidenko proposes to understand the competence-based approach as a method of forming the results as signs of
readiness of a student/graduate to demonstrate appropriate competence (Baidenko, 2006). Competence-based approach brings to
the first position not awareness, but the ability to solve problems arising in the course of learning and understanding of natural and
social phenomena, mastering modern techniques and technologies, relationships with other people, in everyday life during the
performance of social roles, etc. The purpose of the competence-based approach is to organize the educational process aimed at
acquisition of key competences.

0. M. Spirin believes that the competence-based approach becomes important in the design of professional training systems
for computer science teachers, which should be used as a basis for the development of educational standards characteristics that
reflect the qualitative results of the educational process in terms of professional competence (Spirin, 2007).

Thus, A. K. Markova believes that the content of the professional competence of a teacher is characterized by procedural
and effective indicators and is defined as his or her ability and willingness to carry out personal professional activities (Markova,
1996). Possession of relevant competences allows acting independently and responsibly; the basis for conclusions on competence is
the assessment of the final results of its activity; it is also a characteristic of an individual and is manifested in the results of its activity.

Professional competence is an integrative personal formation, formed on the basis of theoretical knowledge, practical skills,
significant personal qualities and life experience (Evstegneyev & Torbunov, 2003). All this determines the readiness of a computer
science specialist to perform specific activities and ensures a high level of self-organization.

The main practical skills of a future computer science teacher include the following: algorithmization of various applied
problems; programming of developed and typical algorithms; construction and study of mathematical models of various objects with
the help of applied computer systems. Achieving these skills helps to fulfill one of the most important tasks for the computer science
teacher — to promote the interest of students to study at the lessons of computer science.

METHODS OF THE RESEARCH

Theoretical methods have been applied for the purpose of analysis of academic literature on the subject; curricula, working
programs and methodical manuals on Computer Mathematics. Empirical methods (questionnaires, conversations, lesson
observation) have been used to determine the role of computer mathematics in the development of informatics competencies of
future computer science teachers. Modeling was used to build a model for the formation of information competence of future
teachers of computer science in the process of studying the discipline "Computer Mathematics".

RESULTS OF RESEARCH

The general structure of the system of professional competences of computer science specialists and their approximate
classification is carried out in the paper (Zhaldak, Ramskyi & Rafalska, 2009). Formation of a system of general professional and
information competence of future computer science teachers is carried out during the following stages.

1. Basic stage (1-2 years). Formation of general professional competences in the course of studying the cycle of general
training disciplines: algebra and geometry, mathematical analysis, mathematical logic, discrete mathematics, differential
equations, probability theory and mathematical statistics.

2. Integration stage (1-3 years). Formation of informatics competencies in the course of studying the disciplines of
professional training: basic programming, computer mathematics, algorithms and data structure, basic pedagogy, psychology.

3. Main stage (3—4 years). Formation of didactic and methodical competences in the course of studying the cycle of
professional training disciplines: methods of teaching computer science, information technologies in education, coursework,
pedagogical practice.

Informatics competence is an integrative education of a person, which integrates knowledge about the basic methods of
computer science and information technologies, the ability to use available knowledge to solve applied problems, skills necessary
to effectively use modern means of information and computer technologies to solve problems in professional activity and
everyday life (Holovan, 2007).

Informatics competence can be characterized through the effectiveness of activities using modern information and
communication technologies, which means the effective application of knowledge and skills to solve existing or human problems.
(Baranovska, 2014).

The study of computer mathematics and the use of modern systems of computer mathematics (CMSs) contribute to the
formation in future computer science teachers of general skills of setting and solving problems with the help of a computer, the
use of it as a tool for organizing search and research activities, opens up new opportunities for educational interaction between
students and teachers, and gives each student the opportunity to maximize their intellectual potential.

From the point of view of competence-based approach, the purpose of studying the Computer Mathematics is the
formation in future computer science teachers of a high level of competence in the field of computer science, that is, informatics
competence —the ability to meet their own individual needs and social requirements for the building of professionally specialized
competencies in the field of computer science.
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The model of building informatics competencies of future computer science teachers in the course of studying computer
mathematics is presented in Fig. 1.

In the course of studying computer mathematics, future computer science teachers explore the possibilities of using
modern information and communication technologies to study various processes and phenomena based on mathematical
modeling and the application of theories and methods of studying such models.

In the course of our research, a system of applied problems from computer mathematics has been created, aimed at the
formation of informatics competencies of future computer science teachers.

To support the study of algebra, geometry and mathematical analysis within the Computer Mathematics discipline,
specialists of the Department of Computer Science and Higher Mathematics of the Kremenchuk Mykhailo Ostrohradskyi National
University propose to use a universal mathematical software Maple, which contains a fairly wide range of functions and
computational tools. Maple can perform complex operations: symbolic computations (finding derivatives, integrals, boundaries,
transformation of expressions, etc.); multiple operations (solving equations, inequalities, equation systems, interpolation tasks,
optimization, etc.). Graphical tools for processing the results of calculations in Maple are among the best among other CMSs.

Informatics competencies of a computer science teacher

[ IT ]74[ Methodological ]
Algorithmic Computer Model

A A

Personal characteristics:
responsibility, sociability, efficiency, creativity, determination

Knowledge R Skills R Experience in solving applied problems
f f f
Acquisition of methods of Repeated performance of training tasks related to
development and research of construction and use of models of various types for
algorithms of applied problem solving computer implementation, with the interpretation of the
in the course of modeling of objects results obtained during computer simulation

and IT penetration

f f

|| Computer Mathematics ||

Fig. 1. Model of informatics competence building for computer science teachers

For example, in laboratory classes in Computer Mathematics, informatics competencies can be built in three stages
(Kobylnyk, 2009).

1. Preparatory stage: formation of generalized subject skills. Students are offered theoretical assignments, execution of
which will allow them to acquire knowledge, skills and abilities that will make it possible for them to solve problems of the highest
level at the next stages.

2. Main stage: development of research and project skills. At this stage, students are offered practical problems.

3. Reinforcement stage: development of skills of using CMS for solving applied problems.

Let us give a fragment of a laboratory lesson in Computer Mathematics on the topic ‘Solution of linear equation systems
by Gauss method’.

In the course of studying the systems of linear algebraic equations (SLAE), two aspects can be distinguished: theoretical
(the concept of SLAE, their compatibility, decoupling, methods of solution, study of the number of solutions, checking solutions,
etc.) and applied (development of SLAE as a mathematical model of text problems and solution of such models by CMS methods).

At the preparatory stage, students are offered tasks and theoretical questions: what is a SLAE; what is a SLAE called a
consistent/inconsistent, defined/undefined SLAE; which SLAE can be solved by the Gauss method; describe the algorithm of the
Gauss method; build a block diagram of the Gauss method algorithm.

At the main stage, students are offered practical problems and exercises, and after familiarizing themselves with the main
functions of the Maple system for SLAE solution, they are offered to solve the same system with the help of the Maple system.
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Example 1. Solve SLAE using the Gauss method.
5x -3y +1z =14,
X+y+z=2,
—X—-2y+2z=2.
Solution. First of all, it is necessary to solve this system in a notebook by performing the steps of the Gaussian method
algorithm. Next, it is necessary to solve the system using Maple in two ways: the first way is to check the manual method directly,

and the second way is to use the built-in Maple functions. Figures 2 and 3 show screenshots of the SLAE solution in the Maple
system in various ways.

:> restart :# I way
| > [ :=5-x—3-y+z= 14 # introduce the first equation of the system
| > [2:=x+y +z=2# introduce the second equation of the system
| > [3 :=-x—2-p+2-z=2 3 introduce the third eguation of the system
. 72 1 ; {5
> R=D24I3053=_— +I3012:=13|-—F |+
’ 5 +5; L 13 ,]
# perform the forward course of the Gauss method
12:=-y+3:z=4
13 11 24
13:=- 5 ) + 5T
2= 28 z= 28
| 13 13
> z:= golve(l2);y = solve(l3); x := solve(ll),
# perform the backward course of the Gauss method
yi=-1
x =2

Fig. 2.5 Checking the manual way of solving SLAE in the Maple system

> restart # Il way

> with(Lineardlgebra) i connect Linear Algebra package

> A= ({5 1,-1}{-3, 1,-2} €1, 1, 2}|(14, 2, 2} ) ;# create an extended matrix of coefficients
5-=3114
A4: 1 11 2
-1 =22 2
[> Ag = GaussianElimination(4)# forward course: reducing the system to a triangular view
5 -3 1 14
03 4 4
Ag: 5 5 5
7 4
00 — —
2 2
[> 2:= Ag[3,41/4g[3, 31; # backward course: search for unknowns
z:=1
[> v o= (4812, 41-4g(2,312) 14g[2, 2];
| y=-1
> xi= (Ag[l,4]-Ag[1,3]z—Ag[1,2]y) fAg[1,1];
x=2

Fig.3. Using Maple's built-in features to solve SLAE

Example 2. Two plants supply cars for two auto farms, the needs of which are 200 and 300 cars, respectively. The first
plant has produced 350 cars, the second one — 150 cars. Table 1 shows the costs of transporting cars to each of the farms. The
total minimum cost of transportation is 7,950 monetary units. Find a transportation plan for the vehicles.

Table 1
Costs of transportation to auto farms
Plant
1 2
1 15 20
8 25

Solution.
1. Let Xij be the number of cars supplied from the ith plant to the jth auto farm. Let us build a mathematical model of

this problem.
X,; + X3, =350,
Xy + X,, =150,
X;; + X, =200,
Xy, + X5, =300,
15x,, +20x,, +8X,, +25x,, = 7950.

2. We solve this problem using the Gaussian method in the Maple system in the second way (Fig. 5).
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;> restart .
L> with(LinearAlgebra) :
> A= ({1,0,1,0,15)](1,0,0,1,20)](0, 1,1,0,8)[(0, 1,0, 1,25)] (350, 150, 200, 300,
7950 ) ;
I 10 0 35
0 01 1 150
A= 1 01 0 200
0 10 1 300
15 20 & 25 7950
[> Ag == GaussianElimination (A);
1 10 0 35
0 -11 0 -150
Ag=10 01 1 150
0 0012 0
0 00 0 0
=> x[2,2] = Ag[4,5]/Ag[4,4];
X, =0
> X[2, 1] = (Ag[3,5]-Agl3,4]-x[2,2])/4g[3,3};
X, =150
> x[1,2]:= (Ag[2, 5]-Ag[2, 4]-x[2, 2]-Ag[2,3]-x[2, 1]) /4g[2,2];
X) gt
=> x[1,1]:= (Ag[1,5]-4g[1,4])-x[2,2]-Ag[1,3]-x[2, 1 | —Ag[1,2]-x[1,2]) /4g[ 1. 1];
x) =50

I_=ig. 4. Solution of an applied problem in the Maple system

Consequently, computer mathematics builds integrative knowledge of mathematics and computer science as knowledge of
a higher order in comparison with the knowledge of isolated subjects, creates more opportunities for individualization of tasks and
independent activity of students. CMSs can be used as information and communication technologies for teaching computer science
and mathematics in both higher and secondary schools.

The use of CMSs, in particular Maple and MathCAD, to solve applied problems in the course of studying Computer
Mathematics contributes to the intensification of learning and cognitive activities of students and increases the mathematical and
information culture of future computer science teachers.

DISCUSSION

In the process of teaching the discipline "Computer Mathematics", which is studied by students majoring in "Secondary
Education (Computer Science)", the theoretical and applied aspects of the use of SCM are combined. In the process of teaching this
course, it is necessary to develop students' ability to effectively use SCM in their future activities, as well as to promote the
development of skills to master new software, which corresponds to the ideas of the competence approach in education. These
findings correlate with the study (Shyshkina&Kogut, 2014), in which the authors argue that with the use of SCM, as well as ICT tools
based on cloud, technologies can be created and modernized in a modern high-tech learning environment, which will increase the
level of fundamentalization of ICT learning, improve the quality of information education and information literacy of students. The
information competence of a future computer science teacher should be understood as a dynamic system of cognitive, activity,
motivational, value-reflexive, emotional-volitional and heuristic personality qualities formed at the appropriate level of higher
education, necessary for effective professional activity in information and educational space. (Matsekha, 2018). If you consider a
model for the formation of informatics competence of future computer science teachers in the process of training, which includes
implementation of sequentially structured components: target, normative, theoreticalmethodological, technological,
methodological, organizational and functional, evaluative and effective blocks, (Petrenko&Petrenko, 2020), then the model built in
the work refers to the methodological unit of formation of information competence of future teachers of computer science.

One of the ways to improve the quality of professional training of future teachers of computer science, is the introduction
into the educational process of computer-oriented methodological systems for teaching computer mathematics, combining
theoretical and applied aspects of computer science, which strengthens the fundamentals of computer science education. activities
of students, the disclosure of their creative potential, increasing the role of independent work in educational activities, the formation
of scientific worldview, the system of professional and cultural competencies, intellectual development, the formation of young
people as highly qualified and highly educated professionals (Efymenko, 2004).

CONCLUSIONS AND PERSPECTIVES FOR A FURTHER RESEARCH

Based on the analysis of academic and methodical literature on the subject of research, the structure of informatics
competence as a component of the professional competence of future computer science teachers has been revealed, which includes
the methodological, informational-technology, model, algorithmic, computer components. A model for the formation of informatics
competence in future computer science teachers in the process of studying computer mathematics has been built and is shown on
the example of the Maple computer mathematics system, how its use in the educational process helps to increase the level of
informatics education of future computer science teachers.

It has been substantiated that each of the stages of the formation of informatics competencies involves the assimilation of a
certain level of knowledge, the formation of skills and experience and work with computer mathematics systems, subject to the
introduction of computer-oriented forms of organization of the educational process, traditional and innovative teaching methods
and tools. It has been proved that a high level of formation of informatics competence can be achieved in the process of an individual
and productive process of solving applied problems using computer mathematics systems. Based on this, a system of applied
problems for the Computer Mathematics has been developed in order to form the components of informatics competence.

The study does not purport to be the complete solution to the difficulties involved in developing informatics competences
for future computer science teachers. Further research, in our opinion, requires such issues as the improvement of computer-

10



®I3UKO-MATEMATUYHA OCBITA (®MO) sunyck 4(30), 2021

oriented methodological systems for teaching computer mathematics to future computer science teachers and the creation of an
educational-methodical complex for Computer Mathematics for the successful mastery of related academic disciplines.
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®OPMYBAHHA IHGOPMATUYHOT KOMMETEHTHOCTI MAMBYTHIX BYMTE/NIB IHGOPMATUKU
B NPOLIECI BABYEHHA KOMITIOTEPHOT MATEMATUKU
B.I. YepHeHKO
Kpemeruyybkuli HauioHaneHul yHisepcumem imeHi Muxalina Ocmpoepadcekozo, YkpaiHa

AHomauia. AKmyaseHicme i 00yinbHICMb 8MPOBAOHEHHA HABYAILHO20 KypCy KOMIT'lomepHoi mamemamuKu 074 cmydeHmie crneuiasbHocmi
«CepedHa ocsima (iHgpopmamuka)» o6ymosneHa HeobXiOHICMIO BUKOPUCMAHHA KOMM tomepHOIi mexHiKu 3 8i0rnosioHUM Npo2pamHUmM
3a6e3nevyeHHAM MPAKMUYHO y 8ci cghepu dianbHocmi aodel; mMum, Wo KoMn’'tomepHa MamemMamuKka € 0OHUM 3 npiopumemHux
Hanpamie HayKoeo-00CniOHOI pobomu AK y 2any3ax MamemamuyHux HAyK, mak i e eanysax iHgpopmamuku. Kommn'tomepHa
MamemMamuKa — ye Hanpam rnpuKkaadHoi iHpopmamuku, 8 AKil susyaroms npobsaemu po3pobKu, 8rposadHeHHs Ma UKOPUCMAHHSA
iHpopmayiliHux mexHonoeili 0aa po368’a3aHHA MamemMamuy4Hux 3a0a4. Mema Ha84yaHHA KomMn’tomepHili Mamemamuyi — eug4YeHHs ma
BUKOPUCMAHHA CMyO0eHmamu cucmem Komn’tomepHoi MamemamuKu 0415 po38°A3aHHA NPUKAAadHUX 3a0ay; 0807100iHHA cmydeHmamu
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MOHAMIUHO-MepMiHOM02iYHOI 6A30t0 CY4aCHOI IHHOPMAMUKU AK PyHOAMEHMANbHOI HaYKU; 30C80EHHA CMyOeHMamu meopemuyHux
OCHO8 H(OPMAMUKU, MO8’A3aHUX 3 hopmanbHUMU cucmemamu, 6as3amu 3HaH6 ma modeaamu ix ModaHHA, Mooeasmu ma
an20puUMMamMu npuliHAMMA piweHs.

dopmyniosarHa npobaemu. BusueHHA Komn'tomepHoi mamemamuku malibymHimu e4umenamu iHOPMamuUKU ma 8UKOPUCMAHHAM CYy4aCHUX
cucmem Kommn’romepHoi mMamemamuku 075 pPO36°A3YB8AHHA MPUKAAOHUX 3a0a4 GopMye y Hux cucmemy npogpecitiHux
KomnemeHmHocmel, 30Kpema iHoOpMamu4HuUx KomnemeHmHocmedl, iHGOPMAMUYHO-MAMEMAMUYHI 3HAOHHA MQA  8MIHHA
8uUKOpUCMOBy8amMu Cy4acHi iHhopmayiliHi mexHonoaii 015 aHanizy mamemamu4yHux mooeneli npoyecie i AsUW 3 HaUPiBHOMAHIMHIWUX
eanyseli 3HaHs i dianbHocmi ntoded.

Mamepianu i memodu. [ina peanizayii nocmasneHoi memu 6yn0 8UKOPUCMAHO MAKi Memodu OOCAIOHEHHA: QHANI3 HAYKOBO-nedazo2ivHoI
nimepamypu 3 memu 00CsiOHeHHA,; QHAI3 HABYAAbHUX M1aHI8, POOOYUX MPO2PAM | MeMOOUYHUX MOCIOHUKI8 3 HAB4abHOI duCyUNAIHU
«Komn’romepHa mamemamuka»; emnipu4Hi Memoou (aHKemyeaHHs, 6ecioa, nedazoeiuHe crrocmepexeHHs, MoOento8aHHS).

Pe3ynbmamu. Y daHili po6omi nobydosaHa modess hopmysaHHs iHhopmamu4Hoi KomnemeHmMHocmi AK cknadoeoi npogpeciliHoi KomnemeHmHocmi
malibymHbo20 84umens iHOPMamuKu 3a PaxyHOK [HMezpayii mamemamuyHux ma iHOPMAMUYHUX 3HAHb HA OCHOBI
MamemMamu4yHo20 MOOEI8AHHA y cepedo8uLax CUCMEM KOMIT IomepHOi MamemMamuKu, makK AK ui cucmemu € egheKmusHUM 3acobom
peanizayii mixcnpedmemHux 38°a3Kie iHOPMaMUKU 3 IHWUMU MpedmMmemamu npupodHU4O-MamemMamu4yHo20 YUKsy.

BucHOBKU. BusueHHA Hag4yanbHo20 Kypcy "Komn’'tomepHa mamemamuka" malbymHimu eyumenamu iHPOPMamuKu 3 8UKOPUCMAHHA cucmem
KOMI’romepHOi MamemamuKu Cripusie ¢hopmMy8aHHIO KOMIMOHeHmMi8 cucmemu [HGOPMaAmuyHOi KomnemeHmHocmi y 2any3si
iHhopmayiliHo20, MamemMamu4yHo20 i KoM’ toMepPHO20 MOOEesH0B8AHHS.

Kntoyoei cnosa: npodpeciliHa KomnemeHmHicmes, iHpopMmamuyHa KomnemeHmMHIiCme, s4umens iHOPMAMUKU, KOMM'tomepHa Mamemamuka,
cucmemu KOomn’tomepHoi Mamemamuku.
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