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Abstract. Improving the quality of mathematical education is one of
the most pressing problems of the modern educational space. The relevance
of the study is due to the need to use digital interactive services and programs
to improve the efficiency of the level of knowledge and skills of students;
lack of methodological materials in the application of interactive technologies
in the process of teaching mathematics. The article considers the problem
of updating of the methodology of teaching Geometry. The solution to this
problem in the context of teaching and learning Geometry is proposed to be
partially solved by introducing digital technologies. A brief review of the most
suitable, in the author’s opinion, programs for the implementation of new
methodological approaches to teaching Geometry is made. The purpose of
the study is to study the possibilities of using digital educational technologies
and resources in the modern educational process. The object of the study
is digital educational technologies and resources in teaching Geometry. The
following methods were used in the study: theoretical - analysis and synthesis
of scientific, methodological and psychological-pedagogical research on the
problem under study; empirical - observation and comparison, construction
of dynamic models. Digital educational technologies and resources,
considered in the example of the developed electronic educational module
in the GeoGebra environment, contribute to increasing the effectiveness of
teaching Geometry. The author conducted a survey with respondents on the
use of digital applications in Geometry lessons. The majority of respondents
accept the use of applications positively. The materials of this study can
be recommended to teaching staff and students studying the methodology of
teaching mathematics using digital educational resources and technologies. It
is assumed that the use of modern technical means through dynamic modeling
of the properties of geometric objects will increase the completeness of the
assimilation of geometric concepts.
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Introduction

In the field of education, digital technologies are both didactic tools and
pedagogical technologies as ways of organizing learning in a digital environment
[1].

An analysis of scientific and methodological literature on the problem
of digitalization of the educational sphere allows us to identify a number of
research areas: concepts and models of digital education, development of the
digital educational environment, educational potential of digital technologies,
and problems and prospects of digitalization.

Modern experience confirms that in geometry lessons the use of such classic
objects as a board, chalk, paper and a pen is not enough. Transition to digital
education is dictated by the emergence of a new generation of students, whose
socio-psychological, including cognitive, characteristics make it difficult for
them to integrate into the traditional educational process [2]. Digital technologies
help to actually use new pedagogical practices (new models of organization
and implementation of educational work), which previously could not take a
worthy place in mass education due to the complexity of their implementation
by means of traditional (paper) technologies of communication and work with
information. However, many modern students, despite a high level of technical
skills in using digital tools, have not developed a culture of interaction with the
information space. Therefore, the task of school education is, among other things,
the development of a cognitive culture in students that is in demand in the digital
environment.

The issue of using the didactic and developmental potentials of digital
technologies in teaching Geometry remains insufficiently studied. As the
analysis of the articles shows, the use of these technologies often performs only
a purely illustrative function; however, the strong sides of software (modeling,
computing, archival capabilities) are not used. The above determines the
expediency of defining the conditions and possibilities of effective inclusion of
digital technologies in the content-methodological aspect of teaching Geometry.
It should be noted that many studies of the use of digital tools in education today
actualize the possibility of such technologies in the mode of classroom interaction
between a teacher and students and its additional support.

Digital technologies enable the teacher to make lessons more dynamic and
interesting without much effort. Special training programs provide information on
the composition and purposes of various actions within geometry. These actions,
such as construction, determining properties, working with geometric objects
on a sheet within the boundaries, help students develop mathematical abilities.
Measuring, finding relationships, analyzing, comparing geometric figures, etc.
develop analytical abilities. Even if the task is only about comparison, it will
include various actions.
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In the process of learning geometry, spatial imagination and visual skills
of students, their logical thinking are developed. Nevertheless, for students,
geometry remains one of the most difficult sections of mathematics. Many students
do not always succeed in constructing spatial figures and manipulating them.
Modern digital technologies come to the rescue. Informatization of all spheres of
human activity is one of the main factors determining the vector of development
of society. The introduction of digital technologies in education is one of the
important areas of informatization of society. Geometry classes are associated
with working with graphic images of spatial geometric figures, which do not
always clearly display their properties. The use of digital technologies in the
learning process in Geometry is especially relevant given the wide possibilities
of visualizing constructions on electronic displays.

Thus, the use of digital technologies in the learning process is a relevant
task for geometry due to their great potential. However, these possibilities
have not yet been sufficiently studied. The specific possibilities of using digital
technologies specifically for teaching geometry have not been fully disclosed.

Materials and methods

The study involved the use of such research methods as theoretical analysis
of literary sources on the research topic, observation of students’ activities in
the educational process, systematization and generalization of scientific facts,
processing of the results of the work, and construction of dynamic models.

Technology is defined as the combination of hardware devices (the
computers, mobile devices, smartphones etc.) with the software [3].

Pedagogical software is a complete didactic system based on the use of
computer technologies and Internet tools and aiming to provide training according
to individual and optimal educational programs with the management of the
learning process. Pedagogical software is a modern highly effective teaching tool
developed with the aim of facilitating the process of education and perception of
material [4].

The software available today allows organizing the learning process based
on information technology. These tools allow not only to automate the learning
process, but also to involve students in active work, to increase the visibility of
theoretical material.

An analysis of typical mistakes made by students when completing exam
and test tasks leads to the conclusion that for young generation, who have
a predominantly clip-based thinking, it is important to use modern teaching
methods that allow visualizing and animating the material being studied in full.

These educational programs are based on the principle of dynamic
geometry, which gives each object dynamic properties. Programs that work on
this principle are included in the class of interactive geometric systems (IGS).
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Geometric environments (GE) are understood as software specially developed
for educational purposes and allowing to perform geometric constructions on a
computer, consisting of geometric objects, as well as to set relationships between
these objects. Interactive geometric environments provide the ability to change
geometric objects within the framework of specified relationships. At the same
time, other geometric objects are also changed, preserving the specified ones.
Currently, several interactive geometric environments are used in the educational
process, each of which has both its strengths and weaknesses. These are programs
such as “Live Mathematics”, “Mathematical Constructor”, “GeoGebra”, etc.

In the course of this study, interactive geometry worksheets were developed
based on the GeoGebra environment for students. The material from the section
“Tetrahedron, parallelepiped” was chosen as the theoretical basis for developing
digital resources. The hypothesis of the study was that working with dynamic
drawings would help to consolidate the basics of the theory being studied and
would improve the effectiveness of training. The worksheet includes one or more
interactive tasks, during which it is possible to use the parameterization of the
problem condition and the capabilities of computer animation. The process of
creating a worksheet consists of two stages: methodological and technical [5].

The methodological stage consists of selecting tasks or their complexes and
setting the main goal of including computer animation in it. A visual representation
of theorems and definitions allows the student to grasp their essence and apply
them in solving problems. The technical stage consists of developing an animation
algorithm for objects or describing the operation of control buttons and input
windows. The description of the algorithm for working with a sheet does not
require the developer to have deep knowledge of programming languages and,
therefore, is available for development to a large percentage of teachers.

When reviewing the material, computer programs are widely used:
the Geometer’s Sketchpad, Cabri, Microsoft Math, Tarsia, Cinderella, Live
Geometry, Poly, Mathematical Constructor, GeoGebra, etc. These tools allow not
only to automate the learning process, but also to involve students in activities
and increase the visibility of theoretical material. Computer programs and
presentations with moving (animated) graphics can be used to conduct practical
work of a creative, research nature. When performing practical work, the student
will have to conduct an individual study of the properties of a geometric figure,
try to notice some patterns, express their own hypotheses, and experimentally
test their validity [6].

One of the computer programs systematically used by teachers in the
classroom as a tool for learning is the Live Geometry environment. This
program allows you to model geometric problems, and therefore, with a certain
methodological approach, purposefully work on the formation of research skills
in students. Using dynamic geometry packages, students learn the power of the
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world of geometry, create figures and explore them with the help of various
manipulations.

Poly is a program for studying polyhedral surfaces. The program can show
polyhedral surfaces in three main ways: as a three-dimensional image, as a flat,
two-dimensional scan, as a topological embedding in a plane.

Live Mathematics 5.0 includes computer albums with examples and
problems, containing ready-made drawings on planimetry and stereometry. The
product can help:

1. discover patterns in observed geometric phenomena, formulate theorems
for subsequent proof, confirm already proven theorems;

2. set coordinate systems and draw function graphs;

3. differentiate (both exactly and approximately), edit functions and
calculations in the operating mode;

4. embed network resources directly into drawings and publish a live
drawing on the Internet as a JAVA applet.

The Mathematical Constructor software environment is designed to
create interactive mathematical models that combine design, modeling, dynamic
variation, and virtual experimentation.

On the Mathematical Constructor website, you can find educational
materials, including the Planimetry laboratory, the Stereometry laboratory,
and many others. They are accompanied by methodological recommendations
for using the laboratories, interactive tasks, and a reference book on using the
laboratory tools.

The process of studying the problem is also facilitated by the implementation
of the GeoGebra program, which allows the implementation of geometric
constructions [7]. GeoGebra combines graphs, geometry, 3D, spreadsheets,
computer algebra and probabilities in one easy-to-use powerful package.

The GeoGebra program is a free, cross-platform dynamic mathematical
program for all levels of education in one easy-to-use package. In addition, this
program allows you to set up geometric experiments, conduct experiments,
illustrate formulas and theorems, establish dependencies between geometric
quantities, etc [8].

One suchtool is the CloudText (cloudtext.ru) for checking written homework
online. Computer technologies allow visualizing various mathematical objects,
so students who are interested in computers can write programs demonstrating a
particular fact or object.

Many students know how to use programs such as “Living Geometry”, “GeoGebra”,
which allow using a set of tools for constructing drawings and their research.

For example, using GeoGebra online geometry can replace a long
explanation of the properties of a quadrilateral. The interactive manual “Visual
Mathematics. Stereometry” allows students to evaluate the relative position of a
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point, a line and a plane. Using the digital technologies allows the wide use of
various manuals, in which students in the process of assimilating information
or its consolidation and generalization can add something, draw, fill in, and also
make teaching aids independently and defend them in their classes.

However, one should keep in mind that, the technological tools are
only means and “the focus of mathematics classes should not deviate from
mathematics” [9].

Results

Digital technologies are developing rapidly and continuously, and teaching
methods are unable to adapt to these changes. Today, new devices connected to
the Internet are registered nearly every day. The ICT infrastructure of educational
institutions is improving. And this applies to all levels of education. An information
and educational environment for an educational organization is being created.

This study shows that the educational process can contain components of
modern digital technologies and at the same time maintain its integral unified
structure. This allows us to assert that the active introduction of interactive online
services and programs into the educational process.

Digital technologies in mathematical education promote more efficient
interaction of all its participants, and allows us to highlight the following positive
changes:

- increasing the motivational component of training;

- the ability to more effectively reconstruct information into subject
knowledge;

- the ability to use and transform exercises with modern tools of interactive
platforms;

- implementation of personalized learning technologies.

New technological developments over the past decades have led to the
emergence of new problems that can be used in teaching of Geometry. Digital
technologies help reach a new level with compatible work in the classroom.
The main elements of application of digital technologies in Geometry are that
students master modeling, compare images, find differences, determine features
and possibilities of combining elements. In mathematics lessons, the computer
allows students to research, solve, analyze data, reason, etc. Here, the main
goal is to ensure the behavior of the student studying mathematics. Each result,
regardless of its correctness or incorrectness, should not upset the student. Such
dynamic geometry systems as Geometer’s, Sketchop, Cinderella, etc., include
both private and general programs. At present, with the help of digital tools that
have more powerful graphic capabilities than conventional computer programs,
it is possible to carry out transformations of any geometric figure [10]. These
systems provide the following capabilities:
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- it is easy to construct geometric figures;

- various measurements can be made on the constructed drawings (length,
volume, etc.);

- drawings can be demonstrated in different projections (for example, a
pyramid - as a polygon);

- the student’s work with these training programs is considered more
thoughtful.

Discussion

An analysis of the role of digital technologies in teaching Geometry allows
us to identify three aspects. The first aspect is related to the introduction of
modern computer hardware and software into the teaching process. The second
aspect is related to the development of a methodology for teaching Geometry
using new digital technologies. And finally, the third aspect is related to the
experimental verification of the effectiveness of new digital technologies and the
corresponding teaching methodology [11].

The 10th grade students of specialized lyceum named after Al-Farabi,
Almaty region, Karasai district answered survey questions to identify their
opinions on the appropriateness of using digital applications in Geometry lessons
(Table 1). 42 students answered the test.

Table 1 - Students’ opinions on the effectiveness of using digital applications
in Geometry lessons

Do you agree that... Answer options
Strongly | Agree | Disagree | Strongly
agree disagree
the use of digital applications in Geometry | 75% 25% - -
lessons is appropriate?
the use of digital applications increases | 83% 17% - -
motivation for classes?
the use of digital learning programs helps me | 86% 14% - -

collaborate and effectively exchange ideas
with my peers;

the use of digital learning programs helps me | 80% 20% - -
in completing assigned tasks in Geometry
lessons

the use of digital learning programs helps me | 95% 5% - -
in understanding the theoretical concepts in
Geometry lessons

The data from students’ responses provide insights into how they assess
the effectiveness of using digital applications in Geometry lessons. According to
the students’ survey, a significant majority (75%) agreed that the use of digital
applications in Geometry lessons is appropriate. A majority of students (86%)
agreed that the use of digital learning programs helps them collaborate and
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effectively exchange ideas in class. 80% of students agreed that the use of digital
learning programs helps them in completing assigned tasks in Geometry lessons.

Thus, the survey results show that digital applications are mostly preferred
by today’s learners in Geometry lessons as they increase motivation, support
their collaboration, also improve students’ understanding of theoretical concepts.

Conclusion

The use of digital tools and practices plays an important role in the field
of education. The intention of including technical resources in the Geometry
classroom is based on motivating and stimulating creativity, developing logical
reasoning and mathematical foundations in order to encourage and prepare
students to build and study mathematical models.

Nowadays technical means are replaced not just by more advanced ones,
but by means that have a new characteristic, expressed in the fusion of means and
technologies.

The number of software used on modern technical means is updated and
expanded. The work analyzes several interactive educational programs that work
on the principle of dynamic geometry.

The use of such resources in a geometry lesson allows students to better
navigate the essence of the theory being studied, to learn the main criteria for the
completeness of concepts.
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BIJIIM BEPYI IIU®PIAHJBIPY KAFJIAWBIHJIA TEOMETPUSA
IT9OHIH OKBbITY 9AICTEMECI
*QOpaszomi [, laynerkynosa A.%, Mekebaes H.’
*13Ka3ak ¥arreik Keisgap [enarorukansik Yausepeuteti, AnmMarsl, Kasakcran
’Cyneiiman Jlemupen YuusepcureTi, Anmarsl, Kasakcran

Anjaarna. MaremaTukaiablK Oi1iM Oepy carachblH apTThIpy Kazipri OimiM
KEHICTITiHIH 63€KT1 MacenenepiiH 0ipi 00mbIn TaObl1aabl. 3epTTEYAiH 03€KTUIIr
MaTeMaTHKaHbl OKBITY Y/AEPICiHIe MHTEPAKTUBTI TEXHOJIOTHUSUIAPIIBI KOJITaHyIa
o/licTEeMEeNiK MaTepHalAap/AblH JKEeTiCleyIMEH >KOHE OKYLIbUIAPJBIH OlliM
MEH Ja¥[bl JCHICHIHIH THIMJIUITIH apTTRIPy YIIH IUQPIBIK WHTEPAKTHBTI
KBI3METTEp MEH OarmapiamMaiapbl HaijalaHy KaKeTTUIITIMEH TYCIHIIpiIenl.
Maxkasajia reoMeTpHUSHBI OKBITY 91ICTEMECIH KaHAPTy MACeeci KapacThIPbLIFaH.
['eomeTpusiHbI  OKBITY KOHTEKCTIHJIE OyJI MOCENIeHI IIemydl CaHIBIK
TEXHOJIOTUSIIAP/IbI €HT13y apKbUIbI ilTiHAapa ey YChIHbUIAAbL. [eoMeTpusHbI
OKBITYAbIH JKaHA 9OICTEMEINIIK TOCUIAEpPIH Y3€re achlpy YIIIH aBTOPAbIH
mikipi OOHBbIHINIA €H KoNaiibl OarmapiaMarnapra KbICKallla IOy >Kacallfbl.
3epTTeyaiH MakcaThl — 3amaHayu Oinmim Oepy yaepiciaae mudpibik Oimim Oepy
TEXHOJIOTUSIIAPbl MEH PECYpPCTapbIH MaiialaHy MYMKIHAIKTEPiH 3epTTey. 3epTTey
HBICaHBI — TEOMETPHUSIHBI OKBITY/IaFbl LU PIBIK O171iM Oepy TEXHOJIOTHsIIapbl MEH
pecypcrapbl. 3epTTey OapbIChIHAA Kelecl ofICTEP KONIAHBUIIBI TCOPHUSIIBIK —
3epTTeNeTiH Macee OOWBIHINA FBUIBIMH, OJIICTEMENIK XKOHE MCUXOIOTHSIIBIK-
TMeIarOTUKAJIBIK 3ePTTEYIEPIi TAIay )KOHE CHHTE3/IEY; SMITMPHKAIIBIK — OaKbLIay
KOHE CaJbICTBIPY, IWHAMUKAJIBIK Mojenbaep Kypy. leolebpa opraceiHma
KacaliFaH 3JEKTPOHIBIK OUTiM Oepy MOAYNiHIH MBICAJBbIHAA KapacThIPbUIFaH
U QpBIK 01711M 6€py TEXHOJIOTHSIIAPHI MEH PECYPCTaPhl T€OMETPHUSHBI OKBITY IBIH
TUIMJUTITIH apTTBIpyFa bIKOAT eTelli. ABTOp PECIOHAEHTTEPMEH I'€OMETPHs
cabakrapbiHaa IUQPIBIK KOCKIMITAJAPABl KOJAaHy OOWBIHIIA cayaJTHama
KYpri3ai. 3epTTey KopceTKeH 1eH, peCIOHACHTTEP/I1H KOTIILIIr KOChIMILIaTapbl
naigananyaspl OH KaObuLIaiasl. byir 3epTTeyain MaTepuanaapbliH CaHABIK OUTiM
Oepy pecypcTapbl MEH TEXHOJIOTHUSJIAPBIH NaiifagaHa OTHIPbIN, MaTeMaTUKAaHbI
OKBITY 9IICTEMECIH OKUTBIH OKBITYIIBUIAP MEH CTYIACHTTEPre YChIHyFa OONabl.
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['eomeTpusIbIK OOBEKTUIEP/IIH KAaCUETTEPIH AMHAMUKAJIBIK MOJIEIIbJCY apKbLbl
3aMaHayd TEXHMKAJBIK KypajjapAsl KOJJaHy TIE€OMETPUSIIBIK YFBIMAAP/IbI
MEHTepYyAiH TOJBIKTBIFBIH apTTHIPAIbI 1en OOHKaHAIbI.

Tipek ce3nep: onicTemMe, OKbITY, FTeOMETPHsL, LU PIAHBIPY, I€JarorMKalbIK
TEXHOJOTHsIAp, LUQPABIK TEXHOJOTHsap, OuriM Oepy, KOMIIBIOTEPIIK
Oarmapiiamanap

METOAUKA INPENNIOAABAHUSA TEOMETPUU B YCJIOBUSAX
HUPPOBU3ALIUN OBPA3OBAHUSA
*Opaszanu !, [laynetkymnosa A.?, Mekebaesa H.?
*13Ka3axCKHi HAIIMOHAIBHBIN JKEHCKHUH MeIarorndeCKuil yHUBEPCHUTET,
Anmarel, Kazaxcran
*Yuusepcutet umenu Cyneiimana [lemupers, Anmarsl, Kazaxcran

AnHoTauusi. [loBplieHne KadecTBa MaTeMaTHYeCKOTo 0Opa3oBaHUs
ABISICTCS.  OJHOM M3 Hauboiee aKTyaJbHbIX IPOOJEM COBPEMEHHOIO
00pa30BaTeIbHOTO MPOCTPAHCTBA. AKTYaJIbHOCTh HCCIEIOBaHUS OOYyCIIOBICHA
HEOOXOIMMOCTBIO  WCIONB30BaHUSI [HU(POBBIX HWHTEPAKTHBHBIX CEPBUCOB
U TporpamMMm Juisl MOBbIMIEHUS 3((EKTUBHOCTH YPOBHS 3HAHUNH M yMEHU
YUYaIIUXCs U HEJAOCTATOYHOCTHI0 METOANYECKUX MATEPHAJIOB 1O MPUMEHEHHIO
UHTEpPaKTUBHBIX TEXHOJOTHIl B mpouecce oOydyeHuss MareMmaruke. B crarbe
paccMaTpuBaeTcs mpobieMa akTyalu3alud METOAWKH OOY4YeHHUsS T€OMETpPHUH.
Pemienue 3toii mpo6iaeMbl B KOHTEKCTE MPENOJaBAHUS U U3YUEHHS F€OMETPUU
MpeJUIaraeTcsi YaCTUYHO pellaTh IMyTeM BHEIApPEHHUs] LU(POBBIX TEXHOJIOTHUH.
Cnenan kpatkuil 0630p Hauboee MOAXOAAIIUX, 10 MHEHUIO aBTOpa, IpOorpamMm
JUI peanu3aly HOBBIX METOIMYECKUX IOJIXOJ0B K OOyYeHHIO T€OMEeTpHUH.
Lenbto wucciienoBaHus SBISETCA HW3yYeHHE BO3MOXKHOCTEH HCIIOIb30BaHMUS
HUGPOBBIX 00pa30BaTEIbHBIX TEXHOJIOTUH U PECypcoB B COBPEMEHHOM
oOpa3oBarenbHOM mporiecce. OOBEKTOM HCCIEIOBAHUS SIBISIOTCS LU(POBBIC
oOpa3oBaTeibHbIE TEXHOJOTHMH M pecypchl B OOy4eHHH TreoMmMeTpuu. B
UCCIIC/IOBAHUN HCIIOJIb30BAIUCH  CIIEAYIOIIME METOJbl: TEOPETUYECKUEe —
aHalM3 H CHHTE3 HAyYHO-METOJUYECKUX U IICHUXOJIOTO-TIEAarorndecKux
UCCIIeIOBAaHUN O M3y4yaeMol mpoliieMe; SMIUpUYEecKHe — HaOMoAeHne |
CpaBHEHHE, TOCTPOCHUE JUHaMu4eckux mozeneil. L{ludposrie oOpazoBarenbHbIe
TEXHOJOTMH M PECYpChl, PAacCMOTPEHHbIE Ha MpUMepe pa3padOTaHHOIO
ANIEKTPOHHOTO oOpa3oBarenbHOro Momyis B cpene GeoGebra, criocoOCTBYIOT
MOBBILIEHUIO 3(PPEKTUBHOCTU 00yUYEHHUsS] reoMeTpuu. ABTOPOM ObLI MPOBEIEH
OIIPOC PECTHOHACHTOB 0 MCIOJIB30BaHUIO HU(POBBIX MPUIOKEHUI Ha ypoKax
reomerpun. lccnenoBaHue TOKaszago, dYTO OOJNBIIMHCTBO PECHOHICHTOB
OTHOCATCS K UCIIOJIb30BaHUIO TPUIIOKEHUH ITOJIOKUTEIBHO. MaTepHraibl JaHHOTO
WCCIIEIOBAaHUS MOTYT OBbITh PEKOMEHJOBAaHBI MEAArorHuecKuM paOOTHUKAM U
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CTYACHTaM, M3y4darolmuM MCETOIUKY O6y‘~I€HI/I$I MaT€MaTuKE C HCIIOJIB30BAHUEM
nupPOBBIX 00pa3oBaTEeNbHBIX pecypcoB M TexHojorui. Ilpeamonaraercs,
4YTO HCIOJB30BAHUC COBPECMCHHBIX TCXHHYCCKUX CPEACTB MOCPEACTBOM
JMHAMUYECKOTr0 MOJEJIMPOBAHHSI CBOMCTB reOMETPUYECKUX OOBEKTOB ITO3BOJIUT
MOBBICUTH MOJIHOTY YCBOCHHA I'COMETPUUCCKUX MMOHSTHH.

KuroueBble cioBa: meronuka, oOyudeHue, reomerpus, LudpoBuzanus,
NelarOTHYeCKhe  TEXHOJOIMM, LHU(PPOBBIE  TEXHOJIOTMH, 0Opa3oBaHue,
KOMIIBIOTCPHBIC ITPOrpaMMBbI
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