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Abstract.

The article presents new trends in teaching methods through the Geogebra program,
which can be especially important for the future development of e-learning for 10th-11th grade
students. Also, the article gives an idea of the various methodological frameworks with several
features, examples for teaching mathematics at the level of 10th-11th grade students on an
interactive and creative path. This article discusses the conclusions of the didactic experiment,
where it was found that GeoGebra was used in the teaching of algebra, geometry, graphing, 3D,
and more! Especially integrals, polyhedrons, volume, and surface area of geometric shapes had a
positive impact on understanding and knowledge of students. Also, a survey instrument was used
to elicit students' perception on the use of GeoGebra. Analysis of the questionnaire responses
indicated a positive overall perception of using GeoGebra in learning about circles.

Keywords: GeoGebra, teaching mathematics, the mathematics of 10th-11th grade students,
creative environment, didactic experiment, circles, interactive teaching method.

Tyitinaeme.

byn wmakamama Geogebra Oarmapiamacel apKbpUIbI JKaHa YpAICTEp MEH OKBITY
TEXHOJIOTUsIIaphl KapacTbipbuirad, 0y 10-11 cbiHbI MeKTeN OKYyLIbLIAPbIHA SJIEKTPOHIBI OiTiM
Oepylni MAaMbITy YIOIH aca MaHBI3OBL. byman Oacka, Ol Makajia HWHTEPAKTHBTIK JKOHE
HIbIFapMaIibUIbIK KoJaa, 10-11 ChIHBIN MEKTeN OKYIIBUIAPBIHBIH JIEHT€HiH/Ie MaTeMaTHKaHbI
OKBITYFa apHaJFaH OipHEIIe epeKIICTIKTePAiH 9ICHAMAIBIK HETI3/IepPiHIH TaHBICTHIPHUIBIMBI
60bIin Tabbutaael. COHal-aK, OChl MaKaiaaa qUAAKTHKAIBIK SKCIIEPUMEHTTIH KOPBITHIHABLIAPHI
tankpuianein, Geogebra anreOpa, reoMeTpusiHbl OKbITyna, 3D jkoHe Tpaduka yipeHyne
KOJIIaHBUIFaHBbIH aHBIKTAJBIK. ©OcCIpece HHTerpaj, KeIDKaKTap, TI'e€OMETpUsUIBIK (urypaiap
OeTiHIH KeJeMi XoHE aylaHblH Ta0y OKYyIIBUIApABIH TYCiHyi MeH OuTiMiHE OH acep eTTi.
ConbiMeH KaTap, CTyAeHTTepliH [eorebpaHbl KOITaHyIObl KaOBUINAyblH aHBIKTAy YIIiH
cayajqHama Kypasibl KoimaHburael. CayamHamaJarel jKayanTapisl Tajjgay IICHOEpHi 3epTTey
ke3inge ['eoreOpanpl naiiianaHy/IbIH KalIbl OH KaObLIAaybIH KOPCETTI.
Tyiingi ce3mep: GeoGebra, wmarematuka OKbITy, 10-11 CBIHBIIT = MaTeMaTHKACHI,
HIBIFAPMAIIIBUTBIK OPTa, IUIAKTUKAIBIK TOXKIpUOE, IIeHOepiep, MHTEPAKTUBTI OKBITY 9/icTepi

AHHOTaNUA.

B crathe mpencraBiieHbl HOBBIE TEHACHIIMM B METOAaX OOy4YEHHUS 4Yepe3 MpOorpaMmmy
Geogebra, uto MOkeT ObITh 0COOEHHO Ba)KHO TS OYAYIIETO Pa3BUTHS JIEKTPOHHOTO 00yUYEHHUS
g yuyeHukoB 10-11 xmacca. Kpome Toro, cratbss Ha€r NpeACTaBI€HHE O pa3IMYHbIX
METOJIOJIOTUYECKUX paMKax MMEIOIIUX HECKOJIbKO OCOOEHHOCTEH, MPUMEPHI NS MPEenoiaBaHus
MaTeMaTHKHU Ha ypoBHe ydeHnkoB 10-11 ximacca Ha HHTEPaKTHBHOM M TBOpYECKOM MyTH. Kpome
TOro, OBLI HCIOJNIb30BaH HWHCTPYMEHT OINpoOca s BBISICHEHHUS BOCHPUATHS CTYACHTaMU
WCTIONb30BaHusl ['eoreOpel. AHalM3 OTBETOB HAa BOMPOCHUK TOKa3al TO3WTHBHOE 0O0IIee
BOCHPUSATHE UCTIONB30BaHUs [ 'eore0phl Mpy U3Y4eHUU OKPYKHOCTEH.

B nanHo# cTaThe 00CYKAAIOTCS BRIBOABI TUAAKTUUECKOTO SKCIIEPUMEHTA, TJIe

BBISICHIIIOCH, uTO0 GeoGebra wucmonp3oBanack B mpenojaBaHuu  AudQepeHInanbHOro
VCUYUCIICHUS, UMEJTa MOJ0KUTEILHOE BIUSHUE HA TTOHMMAaHUE U 3HAHUE CTY/ICHTOB.

KuaroueBbie ciaoBa: GeoGebra, mpemomaBanwe MaTemMaTHkd, marematuka 10-11 kmaccos,
TBOpYECKas cpea, TUIAKTHICCKUN IKCIIEPUMEHT, KPYTH, MHTEPAKTUBHBIE METOBI O0YUICHUSI.
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Introduction

The introduction of interactive forms of learning is one of the main tasks of schools, at

least 20% of classroom studies should be carried out with their application. To help in organizing
Interactive forms of teaching algebra and geometry at schools can be provided by various
mathematical packages and tools.
One of the tools is a free distributed interactive geometric system GeoGebra (GIS "GeoGebra™),
which has a simple user interface and allows you to make geometric shapes, constructions,
graphs on a computer so that when the original drawing objects retains its integrity. In nowadays
the GeoGebra tool is being widely introduced into the educational process of both schools and
universities [1].

The article presents how dynamic mathematical software GeoGebra is introduced. Some
reference information about the software and its development is described. The most important
characteristic of GeoGebra, which makes it distinct from dynamic geometry. The software and
implementation user interface explained the principles of e-learning. GeoGebra can also be used
to create training materials, a review of the necessary basic skills that are given in the training
materials supported by the GeoGebra program.

In nowadays the GeoGebra is one of the most innovative math software programs that
can be downloaded freely from www.geogebra.org. It works on a wide range of operating system
platforms that have and installed Java virtual machine. GeoGebra was created by Markus
Hohenwarter in 2001/2002 as part of his master’s thesis in mathematics education and computer
science at the University of Salzburg in Austria. Since 2006 GeoGebra is supported to maintain
the free availability of the software for mathematics education at schools and universities.
GeoGebra offers geometry, algebra, and calculus in a fully connected, compact, and easy to use
the software. In other words, this tool extends the concepts of dynamic geometry in the field of
algebra and mathematical analysis [2].

GeoGebra, developed specifically for educational purposes and can help students study
experimental, problem-oriented, and science-oriented sections of mathematics, both at University
and home. Students can simultaneously use a computer algebra system and an interactive one a
geometric system that you can use to increase your cognitive abilities.

Also, the program allows you to teach math in secondary school and college, because it
combines the ease of use of software in the study of dynamic geometry with some features of a
computer algebra system, which allows us to bridge the gap between mathematical disciplines
geometry, algebra, and even calculus. GeoGebra can be used to visualize mathematical concepts
and prepare training materials.

What is valuable is that in the study of dynamic geometry, the program able to support
the design drawing from points, lines, and all conic sections. It provides typical functions for a
computer algebraic system, such as searching for important points functions (roots, local
extremes, and inflection points of functions), direct input of equations and coordinates, finding
derivatives and integrals of the entered functions.

The main idea of GeoGebra

The main idea of GeoGebra is to provide two presentations, to each mathematical object
in its algebra and graphic windows. If you change an object in one of these windows, his
presentation in another will be updated immediately. Computer algebra systems and software for
dynamic geometries are powerful technological tools for teaching mathematics.
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Multiple results of the research show that these software tools can be used to encourage
discovery, experimentation, and visualization in traditional mathematics teaching. However, for
most teachers, the main problem is how to provide a universal system for successful integration
knowledge.

Benefits of using GeoGebra:

» Compared to a graphing calculator, it is more convenient for the user, as it offers an
easy-to-use interface, multilingual menus and commands;

« Program for encouraging student projects in math, multiple presentations, and teaching
experimental and guided discoveries;

« Students can personalize their creative abilities using the adaptation interface (for
example, change the font size, language, graphic quality, color, coordinates, line thickness, line
style, and other functions);

GeoGebra was created to help students better understand mathematics. Here, students can
easily manipulate variables by simply dragging "free" objects around the drawing plane. You can
also generate changes using the technique of manipulating free objects and find out how they
will be influence dependent objects on each other. In this case, there is an ability to solve
problems by exploring mathematical relations of dynamicity [3].

The program is used in teaching differential calculus and has a positive impact on
understanding and knowledge of students. This once again proves that it can be a powerful tool
for visualizing and stimulating key concepts differential calculus (slope of the tangent line, a
connection between the slope of the tangent line and the gradient graph of the function,
continuity/discontinuity of function, the relationship between differentiability and continuity,
etc.) a fact that helps students improve their knowledge.

Nowadays there are two types of educational software that include geometry and algebra,
which are used for teaching mathematics. Dynamic geometry training software allows users to
create and dynamically modify structures. Geometric properties and relationships between
objects used in the construction, they are supported because manipulating the object also changes
the dependent objects accordingly. Some dynamic geometry programs even emphasize the basic
algebraic features, displaying equations of lines or conical sections, as well as other
mathematical expressions that usually they can't be changed directly by the user.

GeoGebra combines two types of software, where geometry, algebra, and calculus are
considered equal partners. The software offers two views for each object, a numeric algebraic
component shows either coordinates, either explicit or implicit equations, or the equations are in
parametric form, while the geometric component displays the corresponding set of solutions. In
GeoGebra, both views can directly affect the user. On the one hand, a geometric representation
can be changed by dragging it with the mouse, resulting in the algebraic representation changes
dynamically. On the other hand, however, the algebraic representation can be changed using the
keyboard, which causes GeoGebra to automatically configure corresponding geometric
representation.

Teaching experience shows that most teachers who are using GeoGebra tend to use it as a
representation and visualization tool. They usually prepare training materials at home, so there is
no need to manage the software in front of the students. The competence of the presentation in
the audience requires a higher level of confidence and usually develops after some practice with
using the software.
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The possibilities of Geogebra.

As a first approach, many teachers start using GeoGebra to create thumbnails and designs
for presentations, handouts, notes, or quizzes. Instead of using the software in class, they can
spend this time on creating the materials they need at home. This phase of indirect integrating
GeoGebra in training allows you to practice using the software while learning its universal
features. This approach of integrating the educational process software with "traditional™ training
requires minimal technical equipment in the classroom and therefore can be used by almost
every teacher who wants to improve the daily teaching of mathematics [4].

The program has a rich ability to work with functions such as building curves defined
parametrically, calculation of roots, extremes, integrals, expansion of a function in a series, etc.
Except for creating constructions, the program allows users to perform computational actions, for
example, on matrices, work with complex numbers, perform statistical calculations, etc. The
GeoGebra tool also helps directly entering equations, inequalities, systems, and aggregates,
manipulate coordinates. Using interactive geometric software in the course of solving problems,
as well as in the study of lecture material allows you to perform a visual image of all the studied
mathematical objects, which contributes to a better understanding of the new material, speeds up
the process of solving problems, simplifies calculations, etc. The program is also used to
demonstrate theorems. It is easy to view the tasks solved using it first in the mode presentations.
You can export the created file as an interactive drawing to a web page format. In addition to the
features, this program includes creating various types of geometric shapes interpretations that
allow us to use functional-graphic, geometric methods and the method of the geometric location
of points in the process of solving algebraic problems.

When building graphs you need to manually select functions so that the overall view of
their graphs and they were well-known. Using GeoGebra helps to avoid wasting time on
selecting functions and researching their properties since to plot a function, you just need to enter
the formula that defines it in the input line [5].

Results of research questions

Students’ perception on GeoGebra in the learning of circles
Table 1. Student perceptions on use of GeoGebra in the learning of circles

Ne Questions Yes No

1 | I'was excited about using the GeoGebra software 81% |25 |19% |6
2 | llearnt a lot using the GeoGebra 89% |27 |10% |4
3 | I felt confident using the the GeoGebra software during the activities 52% | 16 | 48% |15
4 | 1 was very engaged in the learning process 80% |24 |20% |7
5 | I benefited a lot through the teacher-students interaction 89% |27 |11% |4
6 | | was able to visualize and answer the questions after each activity 80% |24 |22% |7
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7 | I was able to think creatively and critically in the discussions and during | 70% |21 | 30% | 10
the question and answer session

8 | I was able to make logical assumptions when attempting to hypothesize | 76% |23 | 24% |8

9 | I enjoyed learning mathematics much more using the GeoGebra 1% |22 |27% |9

10 | I was able to form better connections between previous learning andnew | 71% |22 |29% |9
learning

Results from Table 1 show that students generally gave positive feedback toward the
GeoGebra software. The majority of students, about 89% of them said that they learnt a lot using
the GeoGebra and benefited a lot through the teacher-students interactions when using the
GeoGebra, while 81% of the students said that they were excited about using the GeoGebra
software, participated in the educational process, and were able to visualize concepts related to
circles and answer the questions after each activity. About 70% of students said that they were
able to think creatively and critically in the discussions and during the question and answer
session, were able to make logical assumptions when attempting to hypothesize. They also
enjoyed learning mathematics much more when using the GeoGebra and were able to form better
connections between previous learning and new learning. However, some students reported they
were not so sure when using the GeoGebra software.

Discussion

The GeoGebra software can be used as an enabler in the teaching and learning of
Mathematics, and more specifically of circles, as there was a significant increase in experimental
students’ conceptual understanding of circles as compared to the control group.

The findings also suggest that technology is a great motivational tool as students’
confidence enhanced when the GeoGebra was used to increase the students’ learning process.
This was especially beneficial for the lower ability students.

When students were asked how the software affected them, they had many positive things
to say, such as: it made them more participated in the educational process and enabled them to
think at higher levels.

Conclusion.

In the article were explanations about some features and have been given some examples
of how the GeoGebra program can be used in schools for the study of some basic concepts in
linear algebra and geometry. GeoGebra has been shown to give many opportunities for students
to form an intuitive sense and visualize adequate mathematical processes. Using the tools of this
software allows students to learn a wider range of function types and provide the possibility of
connections between symbolic and visual views.

References
1. Cepbuc HM.H. Vicnonp3oBaHuWE HMHTEPAKTUBHOM TI'€OMETPUYECKON cpenbl MpH 0O0ydeHUu
IKOJbHUKOB TutaHumetpuu // U3sectus PI'TIY um. A.U. I'eprena. - 2008. - Ne 63-2. - C. 176-
179.
2. Themicraft.net-[Dnexrponnsiii pecypc]: http://www.geogebra.org




THE EFFECTS OF USING GEOGEBRA ON 10TH-11TH GRADE STUDENTS 7

3. ICME 11 MEXICO 2008 International Congress on Mathematical Education. Monterrey,
Nuevo Leon, Mexico.-[Dnextponnsiii pecypc]:http://www.icmell.org

4. Jlanuneep B. A. OOydeHue ydyamuxcs A0Ka3aTeIbCTBY TEOPEM IOCPEICTBOM CHCTEM
TUHAMUYECKOW reomeTpud //VIHHOBaIMOHHOE pa3BUTHE COBpeMeHHOW Hayku: COOpHUK cTaTei
MexnyHapoaHoOl HaydHO-mipakThdeckoil koHdepenimu 30-31 mas 2014 r.-Yda: OMElA
CAMHC. - C. 35 - 37.

5. lllabanosa M. B. u op. OOydeHne MaTeMaTUKe C UCIOJb30BaHuEeM Bo3MoxkHOcTel GeoGebra
(xommexkTuBHAsE MoHOTpadus) - Mocksa, Ilepo, 2013 - 136 c.



