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Abstract. The article deals with the problems of teaching Geometry in the context of
digitalization of education. Technological tools such as computers are used in teaching, learning,
and assessment practices in Geometry.

This study examined integration of some aspects of the computer technology in teaching
and learning Geometry. For this purpose, development of a methodology for the application of the
programme “The Geometer's Sketchpad”, a computer textbook using computer programs (KPUN),
demonstration programs at various stages of geometry school education are considered. In
addition, the course “Computer learning of geometry in secondary school” was created for students
of mathematical faculties of pedagogical universities.

In the research the method of comparative analysis, the system method, the method of
categorization and functional-stylistic analysis of media texts, the method of content analysis and
an experiment were applied.

The findings of this research demonstrate that using computerization as a basis for
changing activities significantly affects students” achievements. It also revealed the pedagogical
potentials and limitations of the computer technology in teaching and learning of Geometry. The
possibilities of computer training were used in overcoming students' difficulties caused by
incorrect or incomplete understanding of the content of the geometric concept; insufficient mastery
of mathematical terminology.
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Introduction

The massive introduction of computer technologies in recent years into all
spheres of human activity, due to the emergence of a new generation of personal
computers with qualitatively new computing and logical capabilities, a perfect
interface, the development on this basis of computer learning technologies and the
expansion of didactic computer capabilities create prerequisites for a radical change
in the learning process using computer technology.

In this regard, it becomes relevant to revise the presentation and determine the
role and place of computer technology in the learning process in general, and in
school education in particular.

Of particular practical interest is the definition of the role and place of
computer technology in teaching geometry due to the fact that the use of computer
technology in teaching geometry can not only increase the effectiveness of learning
through visual presentation of information that has a positive impact on the
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formation and development of flexible geometric thinking (Sh.Zh. Asylbekov, E.V.
Baranova, V.V. Gu-zeev, V.A. Dalinger, N.V. Rozov, S.N. Pozdnyakov, A.M. Sa-
vin, S.A. Titorenko, I.F. Sharygin, etc.), but also creates an idea of professional
activity related to design, designing and other processing of visual information in
professionally oriented automated workplaces.

Analysis of existing computer programs for educational purposes in geometry
has shown that instrumental geometry-oriented environments, such as Cabri, The
Geometry's Sketchpad, have a significant advantage over traditional dialog-training
or demonstration programs. Domain-oriented environments allow you to operate
with geometric objects of a certain class, implement geometric constructions and
transformations. The advantage of using them is that the teacher can independently
create on their basis a system of tasks and demonstration materials corresponding to
the goals and objectives of a particular lesson. However, the use of subject-oriented
environments in the process of learning geometry requires the development of
methodological support and training for their use of specialists.

Basic provisions

Important for the modern period of digitalization of education is the awareness
of the fact that the use of computer technologies will make the learning process more
effective if they are used as a tool of cognition rather than knowledge transfer.

This study considers the didactic possibilities of digital tools and the specifics
of improving the process of teaching geometry in modern conditions. Today, many
different training programs have been created.

The computer can be used at a variety of stages in geometry instruction, and
this application is based primarily on its graphical and computational capabilities.
When solving the problem of using a computer in the process of teaching geometry,
one should proceed not so much from the functionality of the computer and the
desire to use it in the educational process, but from the methodological system of
teaching geometry, the analysis of which should show which educational tasks can
be solved only by means of a computer, because other didactic means are less
effective or not applicable at all [1].

In geometry, the computer acts as an effective means for visually illustrating
concepts and demonstrating drawings. The computer's ability to represent the
dynamics of graphical images changes the nature of geometry teaching like no other:
geometric shapes can be described using procedures, not just equations.

The computer can play the role of a means of active dialogue in students’ work
with models of geometric figures, their developments, a means of developing
students’ constructive skills, which are one of the types of polytechnic skills. The
computer is an effective means of developing graphic design skills in
schoolchildren. The computer is of great importance in teaching theorem proving.

Materials and methods

The scientific methods in the research are studying methodological and
educational literature, observing the activities of students in the educational process,
systematizing and summarizing scientific facts, processing the results of this work,



modeling the use of modern the computer technology in teaching Geometry, setting
up and conducting a pedagogical experiment.

The research is based on an interdisciplinary approach synthesizing
knowledge of journalism, communication theory, psycholinguistics, cognitive
linguistics, linguoculturology, social philosophy.

Thus, the need to revise the content of computer-based geometry teaching
taking into account the results of psychological and pedagogical research, the
expansion of the didactic capabilities of the computer and the problem of training
specialists to use modern computer technologies in school education determined the
relevance of the research topic "Methodology for implementing computer-based
geometry teaching in secondary school".

The purpose of the study: to determine the principles and methods of
integrating computer technologies into geometry teaching and to develop on this
basis a methodology for their implementation in the educational process [2].

The object of the study is the process of teaching geometry using computer
learning technologies.

The subject of the study is the preparation of specialists for the
implementation of computer-based geometry training.

The hypothesis of the study: the study by students of the Faculty of
Mathematics of pedagogical universities of the didactic possibilities of a computer
in teaching geometry, the psychological and pedagogical foundations of computer
learning, the foundations of the design and application of learning software ensures
the formation of their level of knowledge and skills, sufficient accurate for the
effective use of computer technology in the process of teaching geometry at school.

The objective of the study is to determine the role and place of computer
technology in teaching geometry, which includes a number of particular tasks:

1) development and research of the principles of integration of computer
technologies into the process of teaching geometry, taking into account modern
didactic capabilities of the computer, psychological and didactic requirements for
computer training;

2)research of methodological possibilities of computer programs for
educational purposes in geometry and development of recommendations for their
use in the process of studying a school geometry course;

3) development of a methodology for the application of the subject-oriented
instrumental environment “The Geometer's Sketchpad” at various stages of
geometry school education;

4) definition of requirements for the level of teacher training for the
implementation of computer training and development of methods for the
preparation of teachers of mathematics and computer science for the implementation
of computer training;

5) development of the course "Computer learning of geometry in secondary
school" in the framework of the subject "New information technologies in
education” for students of mathematical faculties of pedagogical universities;



6) development of principles for designing computer programs for educational
purposes in geometry and an open computer subject-oriented environment in
geometry that implements these principles;

7) experimental verification of the effectiveness of the developed techniques.

"Computerization is the introduction of computers into a certain area of
activity, accompanied by a noticeable restructuring of this activity under the
influence of a computer.” (Bokhove, C. 2011). Computerization of education was
considered as the first step towards informatization - building an information
society. "Informatization as an information process is reduced to the presentation of
all socially significant information in a form accessible for storage, processing and
transmission by electronic and technical means [3].

In modern conditions, when the computer has become an indispensable
attribute of many professions, the formation of computer literacy is no less important
than mastering the basics of computer science. Young people, after graduating from
school, should have sufficient knowledge and skills to use computer technology in
their future activities. The formation of computer technology user skills in all
students, regardless of the level and profile of education, is one of the most important
tasks of computerization of education.

The problem of preparing the young generation for life in the information
world has become relevant for all culturally developed countries. This problem was
put up for discussion by a special commission of UNESCO of the International
Association for Informatics back in 1981 and was repeatedly discussed in
subsequent years, taking on all new aspects. Currently, the world practice of teaching
the basics of computer literacy and learning using computers has various approaches
to solving this issue. The differences concern both the content of computer education
and the forms of its introduction into school. The content of knowledge and skills,
as well as educational tasks related to computer work, are determined in each
country, taking into account their own characteristics, in accordance with the
requirements for a future specialist or use [4].

The peculiarity of computerization of education in our country is the inclusion
of the basics of computer science and computer technology in the system of school
disciplines as a separate academic subject. This decision was dictated by the
requirement to organize universal computer education in our country, teaching the
basics of computer literacy to all students receiving secondary education. The works
of A.P. Ershov, V.M. Monakhov, V.G. Zhitomirsky and others were devoted to the
selection of content and the development of a general concept of teaching computer
science. It should be noted that the main directions in teaching the course of the
basics of computer science and computer technology, in the selection of the content
and forms of classes, initially focused on the "machine-less™" version of training,
therefore, the formation of the basic concepts of computer science and the theoretical
foundations of computer use was a priority. Thus, the greatest attention was paid to
the consideration of algorithmization and programming issues, familiarity with
computer architecture, applied aspects were given much less attention. It was not so
much the skills of using a computer to solve practical problems (working with text



and graphics, modeling, etc.) that were formed, as the ideas about the possibility of
using a computer for these purposes [5].

Results

One of the types of computer programs for educational purposes (KPUN) is a
computer textbook - a software and methodological complex that provides an
opportunity to independently master a training course or its large section. KU
combines the properties of an ordinary textbook, a reference book, a task book and
a laboratory workshop. According to the catalog, software products representing a
computer textbook make up the vast majority of software for teaching mathematics
developed and registered in Russia. Programs of this kind include: "Study of the
behavior of functions”, "TEST", "Symmetry», "Functions and their graphs",
"Matservice - 5, "Matservice-6", "Mathematics-6", "Functions”, "Geometry-7",
"Quadratic Equations”. There are also foreign developments of this kind on the
computer software market. An example of computer textbooks for a geometry
course can be "Geometry" and "Mathematics Algebra & Geometry".Computer
training systems on geometry of this kind have the following structure [6,7].

Theory Mode is an easy-to-use reference system containing basic definitions,
properties of geometric objects, statements and theorems of the training course.
Examples and illustrations mode. Any mathematical discipline needs to involve
geometric images of mathematical abstractions. Many mathematical statements
become clearer, easier and better remembered and assimilated if they receive a
graphical interpretation. This mode is the primary stage of training.

Simulator mode. This is the next stage of training. It corresponds to the stage
of the simplest questions and exercises, which, as a rule, are accompanied by
sections of traditional textbooks.

Task mode. This mode allows the student to solve meaningful tasks
independently.

Question mode. This mode implements the final control of the quality of
assimilation, as a result of its passage, the level of mastery of the educational
material should be revealed.

The role of each element of a specific training computer system depends on
its specific goals. For example, in an electronic task book, there may be no theory
mode and the mode of examples and illustrations, in geometry control programs,
only the mode of questions or tasks may be contained.

The subject-oriented environment (POS) is a new and promising direction in
the field of creating software products for training. PIC is a training software
package that allows you to operate with objects of a certain class. The environment
implements relations between objects, operations on objects and relations
corresponding to their definition, and also provides a visual representation of objects
and their properties. Examples of subject-oriented environments in geometry can be
the programs SAGU and The Geometry's Sketchpad (GSP).

The methodological possibilities of subject-oriented environments in teaching
geometry are much wider than computer textbooks or demonstration programs. The
main advantage is the possibility of using the tools of a domain-oriented



environment for creating demonstrations, geometric design, and conducting research
[8,9].

The idea of creating software that enables teachers and students to use a
computer not only as a tool, but also as a teaching tool belongs to programmers from
the Center for the Development of Education (The National Assessment of
Education Progress) J. Schwartz and M. Yerushalmi, who implemented it in 1985.
The Geometric Supposers program they created for Apple computers allowed
students to discover geometry on their own by examining drawings and formulating
mathematical statements. The study of geometry with this approach is
complemented by a series of completed studies of the properties of the figure, the
relationships of the elements, while knowledge of the proofs is still mandatory.

Discussion

When starting the experiment, we set ourselves the following goals:

1) to study the state of the problem under consideration in the practice of the
school,

2) to correct and implement the developed methodology of GSP application
at various stages of geometry training in a systematic course (grade 7-9);

3) to adjust the methodology of teacher training for the use of modern
computer technologies in teaching;

4) check the hypothesis put forward.

In accordance with these goals, during the experiment it was necessary to
solve the following tasks: 1) choose the method of conducting the experiment;

2) determine the timing of the experiment;

3) conduct an experiment in accordance with the chosen methodology;

4) conduct quantitative processing of the experiment results;

5) to make a qualitative interpretation of the results of the experiment.

The experimental study included ascertaining, searching, training experiments
and processing of their results [10,11].

The ascertaining experiment was conducted in schools N 123 in Almaty and
in the school of laboratory 597 of the Institute of Productive Learning. The purpose
of this experiment was:

1) identification of the main difficulties of students in studying the systematic
course of geometry of grades 7 - 9;

2) search for ways to overcome the identified difficulties in studying geometry
of grades 7-9, bearing in mind the possibility of using a computer in teaching;

3) determination of the nature and level of computer literacy of teachers, their
readiness to use computer technologies in teaching;

4) determination of the nature and level of computer literacy of students of the
mathematical faculty of Abai KazNPU, their readiness to implement computer
training.

The following methods were used: testing and questionnaires, conversations
with teachers.



At this stage, data were obtained that make it possible to find out that the
greatest difficulties for students of grades 7-9 in studying geometry are caused by
solving proof problems.

Students answered the survey questions to identify opinions on the
advisability of using the computer technology in Geometry classes (Table 1). 50
students answered the survey.

Table 1 — The survey on the use of the computer technology in Geometry

classes
Survey questions Answer options
Strongly Agree Neither Disagree
agree agree nor
disagree
It is appropriate to use in the 32 12 6 -
classroom the  computer
technology  in learning
Geometry.
The computer technology is 35 14 1 -
applied timely in Geometry
classes.
The use of the computer 39 11 - -
technology is raising the level
of mastering the material in
Geometry classes.
The use of the computer 35 15 - -
technology increases
emotional background.
The use of the computer 38 10 2 -
technology increase
motivation in  Geometry
classes.

Students' difficulties are caused by the inability to use deductive reasoning
based on the application of theoretical material (definitions, axioms, theorems);
incorrect or incomplete understanding of the content of the geometric concept;
insufficient mastery of mathematical terminology and mathematical speech. At this
stage, the possibilities of computer training in overcoming these difficulties were
investigated, as well as the impact of computer training on improving the efficiency
of the educational process.

The result of the first stage of the study was the hypothesis about the
possibility of using computer technology to form a correct understanding of the
introduced geometric concepts, to establish a connection between abstract geometric
concepts and visual images and the need to prepare teachers for the use of computer
technology in teaching.

The results of the control and experimental groups in order to identify the level
of formation of geometric skills are shown in Figure 1.



The results of the experiment
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Figure 1 - The results of the experiment

These results allow us to draw a conclusion about the formal assimilation of
the theoretical content of the geometry course.

At this stage of the experimental work, it was possible to identify a tendency
to increase the motivation for studying geometry in the conditions of computer
training, which in turn contributed to the formation and development of
experimental and research skills. However, quantitative characteristics of the
effectiveness of computer training were not revealed at this stage.

Conclusion

In the course of the study, we used the following methods: analysis of
psychological and pedagogical, methodological and educational literature on the
problem of research, methods of system analysis, psychological and pedagogical
analysis of the educational process and educational and cognitive activity,
pedagogical observations, conversations, questioning of teachers and students,
organization and conduct of experiments (ascertaining, searching and forming),
quantitative processing and qualitative interpretation of experimental data.

The need to equip modern society with new information technologies makes
it necessary to informatize education in general and secondary education in
particular. Informatization and computerization affect all aspects of the educational
process in modern conditions. The concepts of "informatization” and
"computerization™ are sometimes mistakenly considered synonymous, referring to
the fact that a computer is an obligatory means of collecting, processing and storing
information. Computerization as a basis for changing activities is indeed a satellite
of informatization, but unlike computerization, which consists in the use of computer
technology in a particular activity, computerization consists in "identifying



algorithms intrinsic to a certain area and constituting its information side"
Computerization is usually understood as the use of computer technology in a
particular activity.
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Anparna. Makanaga OiumiM Oepyai mudpraHabIpy KarJalblHIAa TEOMETPHUSHBI OKBITY
Mocesienepi KapacTelpbUIFaH. ['eomeTpust OOMBIHIIA OKBITY, OKY >KoHe Oarayay TaxipuOeciHzae
KOMITBIOTEPJIEP CHAKTHI TEXHOJIOTHSUIBIK KYpasaap KOJIJaHbIIa bl
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Byt 3epTTey reoMeTpHsIHBI OKBITY MEH OKYAaFbl KOMITBIOTEPIIIK TEXHOJIOTHUSHBIH KeHOip
acTeKTUIepiH uHTerpauusuiayabl Kapacteipael. Ockl makcarta «The Geometer's Sketchpad»
OarnmapiamMachlH KOJIJJaHY 9/ICTeMECiH, KoMIbroTepiik Oarmapiamanapasl (KPUN) maitmanana
OTBIPBII, KOMITBIOTEPIIK OKYJIBIKTBI, MEKTEII T€OMETPHSCHIH OKBITYIBIH OpTYpPJi Ke3eHIepiHae
JIEMOHCTPAIHMSIIBIK OaF mapiaamasapabl 93ipiiey KapacTbipbuirad. COHBIMEH KaTap, Ie1arorukajblK
YKOFapbl OKY OpPBIHIApPBIHBIH MaTeMaTuKa (GaKyJIbTeTTEPiHIH CTYASHTTEpl YIIiH «OpTa MEeKTenTe
TEOMETPHUSIHBI KOMITBIOTEPIIIK OKBITY» KYPChI KYPBUIIIBL.

3epTTey/ie CabICTRIPMAITBI TATAAY SMICi, KYHEIIK 9/Iic, MEIUAMAITIHICP/Il CaHATTAY KOHE
(YHKIMOHAIBIK-CTUIMCTUKANBIK Tajllay oMIici, KOHTEHT-Tallay oMdici OHE JKCIEPUMEHT
KOJITAaHBUIIBL.

KomnbroTepitik OKBITYJIBIH OPTYpil acleKTUIepiHe apHalFaH KONTereH 3epTTeylepie
KOMIIbIOTEp OarnapiaMajaHfaH OKBITY HWAESIApPBIH JKY3€re achlpaThblH aBTOMATTaHBIPBLIFaH
OKbITYy >kyHheciHiH (AOJXK) TexHUKaJIBIK HETi3l peTiHae KapacTeipblianbl. Optypii AOX
(byHKUMSATIApBIH OPBIHAAWTHIH OKY OarJapiiaManapbiH Nainanany Taxipudeci 6armapiamanaHral
OKBITY HJEsUIapbl HETI31HJe KOMIBIOTEPIIIK OKBITyFa TOH OlpKaTap KEMINUTIKTEPAl aHBIKTAJIbI:
KOMITBIOTEP KapamaiblM MaTepHaibl FaHa OKBITyFa MYMKIHAIK Oepei; KOMIBIOTEPIiK OKBITY
OKYIIBIHBIH 0acTaMachlH JIaMbITYFa BIKIIAJ ETICH[; JKayanThl OEKIiTy apKbUIBI OKBITY
MHTEJUICKTYaJIBIK JKaTTBIFyJIapFa HET137eNTeH OKyAaH Halap.

byn 3epTTeyaid HOTHXENEpi KOMIBIOTEPICHAIPYAl OpEKETTI ©3repTy YIIIH HEeri3 peTiHae
naiianany OKyIIBUIAP/ABIH JKETICTIKTEpiHe alTapibIKTail acep ereTiHiH kepcereni. CoHmaii-aK
TCOMETPHUSHBI  OKBITY MEH OKYyJarbl KOMIIBIOTCPJIIK TEXHOJOTHSHBIH  IeIaroruKajibiK
MYMKIHJIIKTEpi MEH mIeKTeynepi ambuiabl. OKyIIbUIapaplH T€OMETPHSUIBIK YFBIMHBIH Ma3MYHBIH
IYphIC HEMece TONBIK TYCIHOCYIHEH, MaTeMaTHKalblK TEPMUHOJOTUSHBI IKETKUTIKCI3
MEHI'ePIeHHEH TYyBIHJaFaH KUBIHABIKTAPABI KCHYIC KOMIBIOTEPIIIK OKBITYIBIH MYMKIHIIKTEpI
HanaagaHbUIIbL.

Tipek ce3aep: OmicTteMe, KOMIBIOTED, capanrTama, OKbITY, T€OMETpHs, LHUPPIaHIBIPY,
6151iM Oepy, aBTOMATTaHIbUIBIPFAaH OKBITY XKyileci
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AHHOTauss. B craThe paccMaTpHBAIOTCS MPOOJIEMbI MPENOJaBaHHs TCOMETPHH B
YCIOBHSAX [U(PPOBU3ANUK  00pa3oBaHus. TEXHOJOTMYECKHE WHCTPYMEHTBI, TaKHe Kak
KOMIBIOTEPBI, UCTIOIB3YIOTCS B IIPEMOIaBaHIU, O0YICHHN U OI[CHUBAHUH T€OMETPHUH.

B sTOoM uccenoBaHMM W3ydaaach WHTETPAIMs HEKOTOPHIX ACIEKTOB KOMITBIOTEPHBIX
TEXHOJIOTHI B Tperno/aBaHue U u3yuenue reomerpun. C 3TOil 1eIbpI0 pacCMOTpeHa pa3paboTKa
METOJIUKHU TIpuMeHeHus mporpammbl « The Geometer's Sketchpad», kommbrOTepHOTO yueOHHKA C
UCIob30BaHueM KommbloTepHbix mporpamm (KPUN), aeMOHCTpanMOHHBIX MpOrpaMM Ha
pa3IMYHBIX OdTamax IIKOJBHOTO OOydeHHs reoMerpud. Kpome TOro, Juis CTyAEHTOB
MaTeMaTH4eCKHX (aKkyJIbTeTOB MeJarornueckux By30B co3aaH Kypc «KommboTepHoe o0yueHre
T€OMETPHUH B CPEHEHN IIKOJIE).

Bo MHOrux HCCICIOBAHUSX, MOCBAIICHHBIX PA3IHYHBIM ACIEKTaM KOMIBIOTEPHOTO
00y4eHHsI, KOMITBIOTEp PAaCCMAaTPHBACTCSI KaK TEXHHYECKas OCHOBA aBTOMATH3MPOBAHHOU
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cucTeMbl  OOyudeHMs, peaau3ylolell HIer NporpaMMHpPOBAHHOrO0  oOydeHus.  OmbIT
UCIIOJIb30BaHUSI 00pA30BATENbHBIX TMPOTPAaMM BBIBWJI Psii HEIOCTATKOB KOMIIBIOTEPHOI'O
00pa30BaHus: KOMIIBIOTEP MO3BOJISIET IPENOJaBaTh TOJIBKO MPOCTOM MaTepuai; KOMIbIOTEPHOE
o0yueHHe HE CIOCOOCTBYET pa3BUTHIO WHHUIIMATUBBI YYEHUKA; OOydeHHE IOCPEICTBOM
HNOJKPEIJICHUS peakLiU XyKe, 4eM 00yueHHe, OCHOBAHHOE HAa MHTEJUIEKTYaJIbHBIX YIIPAXKHEHUSAX.

B nccnenoBanuy OblTH TPUMEHEHBI METO]] CPABHUTEIBHOTO aHAIN3a, CHCTEMHBII METO/,
METOJ KaTeropuszauuud MU (yHKIMOHAIBHO-CTUIMCTUYECKOIO aHalIM3a MEAMAaTEeKCTOB, METOJ
KOHTEHT-aHaJIM3a U SKCIIEPUMEHTA.

PesynpraTel ~ 1aHHOTO ~ HMCCENOBaHUS  IIOKA3bIBAIOT,  4YTO  HCIIOJIB30BAHME
KOMIIBIOTEPU3allMM KaK OCHOBBI HW3MEHEHHs JI€ATEIbHOCTU CYIIECTBEHHO BIUSET Ha
ycrneBaeMocTh yyamuxcsi. OH TakKe BBIABHI II€arOTMYECKUM IMOTEHLIHMAd M OrpaHUYCHUs
KOMIIBIOTEPHBIX TEXHOJOTMH B MpENoJaBaHUUM M H3YYEHUM TreoMeTpuu. Bo3moxkHocTH
KOMITbIOTEPHOI'0 00Y4EHUS HCII0JIb30BAINCH B IIPEOI0JIEHUH TPYAHOCTEN yYaIluXCsl, BEI3BAaHHbBIX
HEBEPHBIM WJIM  HEINOJHBIM IIOHUMAHUEM COAEpNKAaHHUSI T[EOMETPUYECKOrO  IOHSATHS;
HEJ0CTaTOYHBIM BJIaJICHUEM MaTEMaTHUECKON TEPMUHOJIOTUEN.

KuroueBble cjioBa: METO10JI0THS, KOMIBIOTEDP, IKCIIEPTU3A, [IPENOJaBaHUE, T€OMETPUS,
nudpoBu3alys, 00pa3oBaHus, ABTOMAaTU3UPOBAHHBIX CHCTEM 00y4YeHUs
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