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ABSTRACT

This study investigates the effect of integrating GeoGebra into geometry
instruction on students’ academic performance at the high school level. The research
was conducted among students in 10-th grade from “125 High School” in Kyzylorda
city. The primary purpose of the study was to examine whether the use of dynamic
geometry software GeoGebra contributes to improved learning outcomes in
geometry. A quasi-experimental research design with pre-test and post-test measures
was adopted. The participants included 35 students, who were assigned to
experimental and control groups. The findings revealed that students who learned
geometry through GeoGebra showed greater improvement in geometric
understanding and higher post-test scores than those in the control groups. These
results suggest that GeoGebra facilitates deeper comprehension of geometric concepts
and supports active student engagement in the learning process. Overall, the study
demonstrates that the integration of digital tools such as GeoGebra can effectively
enhance geometry learning and represents a valuable auxiliary tool to traditional
instructional approaches in mathematics education.

Keywords: GeoGebra software, geometry learning, academic performance,
mathematics  education,  educational  technology, high school students,

problem-solving skills, student motivation.



AHIAATITA

byn 3eprrey reomerpusiabl okpiTyFa GeoGebra HMHTErpanusChbIHBIH KOFaphI
MEKTEIl OKYUIbUIAPBIHBIH YJrepiMiHe ocepiH 3eprreiiai. 3eprrey Keizbuiopaa
KanacheiHbIH "125" sxorapsl MekTeOiHIH 10-ChIHBIT OKYIIBLIAPHI apachlHa KYPTi3UIAL.
3epTTeyliH  HEri3ri MakcaThl JUHAMUKaIbIK Treomerpusi ymiH GeoGebra
OarmapiaManblK KypasibliH NaiiianaHy reOMETPUSHBI OKBITY HOTHKEJIEPiH JKaKcapTyFa
BIKIIAJT €TETIHIH 3eprrey Oosabl. Tecrieyre ACHIHTI JKOHE TECTUICYJEH KEHiHTi
HIapajapMeH KBa3u-OKCIEPUMEHTTIK 3epTTey AM3alHbl KaObUAaHAbl. 3eprreyre 35
OKYILIBI KaTBICHIN, SKCIIEPUMEHTTIK )kKoHE Oakpuiay TontapbiHa OesiHal. COHFBI TECT
HOTHXelepiHe coiikec reoMeTpusinbl GeoGebra kemeriMeH OKbIFaH CTYIEHTTED
Oakplay TOINTAapblHA KaparaHJa TYCIHY, €CeN IIbIFapy JEHrediHiH j>KaKcapFaHbIH,
AFHU JKOFapbl HOTIDKEre KOJM JKETKI3reHiH kepcerTi. bynm nHotmxkenep GeoGebra
Te€OMETPUSUIIBIK YFBIMIAP/IbI TEPEHIPEK TYCIHYTE BIKIAJ €TETIHIH KOHE OKYIIbLIAPIbIH
OKy TIpOIleCiHE O€JICEeH/l KAThICYbIH KOJJAUTBIHBIH Kepcerenl. JKanmbl anraHja,
3eprrey GeoGebra cusikThl UPABIK Kypanaapabl OipiKTipy TEOMETPHUSHBI 3epTTEY/Ii
TUIMIII TYpJE€ >KakcapTa ajaTbIHbIH >KOHE MaTeMaTUKaHbl OKBITYIBbIH J9CTYpIIl
TOCUIAEP! YIIIH KYH/bl KOMEKIII Kypajl eKeHIH KOpPCEeTeIl.

Tyiiin ce30ep: GeoGebra bazoapnamacyol, ceomempusiHbl OKbIMY, aAKA0EMUSIbIK,
yazepim, Mamemamuxanolk oOiim oepy, Oinim b6epy mexHonI02UsIapsl, HCOAPHl CbIHbIN

OKyuibLiapul, ecen uibleapy daé’ablﬂapbl, OKY Momueayusicasl.



AHHOTALIUA

B nanHoMm wccnenoBanuu usyuaercs BiausHue wunHterpannu GeoGebra B
oOydeHHE TeoOMETPUH Ha YCIIEBAEMOCTh Y4YaIlMXCS B CTApIIMX Kiaccax CpeIHEH
mkoiel. MiccmenoBanue ObIIO TpoBeneHO cpenu ydammxcs 10-x KiaccoB cpemHeit
mkoJibl “125” ropoma Kei3eimopaa. OCHOBHOM 111610 UCCASAOBAHUS OBLIO U3YYHUTh,
CIIOCOOCTBYET JIM MCHOJb30BaHUE mMporpamMMHoro obecneuenus GeoGebra mis
TUHAMUYECKOM TEOMETPUU YIAYUYIICHUIO Pe3yJbTaToB OOydeHHs TreoMeTpun. B
HCCIICIOBAaHUN TIPUHSJIM ydacThue 35 ydJalmxcs, KOTOpble ObUIM pas3eieHbl Ha
AKCIIEPUMEHTATBLHYI0 U KOHTPOJBHYIO Tpynmbl. COrmacHO MOCIEIHUM pe3yabTaram
TECTOB, CTYACHTHI, H3ydaBIine TeoMeTpuio ¢ momombio GeoGebra, mokazamu
yAy4dIICHUE TOHUMAHUS, IPOU3BOIUTEIBHOCTH 3aJa4, TO €CTh 00Jiee BBICOKHE
PE3yABTaThl, Y€M B KOHTPOJIBHBIX TPyMIaxX. DTH PE3yJAbTaThl CBUIACTEIHCTBYIOT O TOM,
yto GeoGebra crocobcTByeT Oornee MTyOOKOMY MOHHUMAHHUIO TE€OMETPUUYECKUX
KOHIICTIITUI ¥ TOAJICP)KMBACT aKTHBHOE BOBJICUCHHE YUAIIMXCS B MPOIIECC OOYUCHUS.
B menom, nccnenoBanne 1EeMOHCTPHUPYET, YTO UHTETPAIHS UG POBBHIX HHCTPYMEHTOB,
takux kak GeoGebra, mMoxer S(pQPeKTHBHO YIYUINIUTh H3YUYEHHE TECOMETPUU U
MIPENICTABIIACT COOOW IIEHHBIN BCIIOMOTATEIbHBIM MHCTPYMEHT JUTSI TPAJIUIIMOHHBIX
ITOIXOJI0B K O0YUYEHHIO MaTeMaTHKe.

Kntouesvie  cnosa:  npoepamma  GeoGebra,  obyuenue  eceomempuu,
akaoemuyeckas ycneeaemocms, mamemamudeckoe oopazosanue, oopazosamenvHule
MEXHON02UU, YVHAWUECs CMApuux Kidccos, HABLIKU peuleHuss 3a0ad, Y4eOHasl

momusayusl.



1. INTRODUCTION

In the contemporary digital era, it is challenging to conceive an existence
without computers and electronic devices. For the younger generation, it is even
impossible. As a result, throughout time, many trials and research in the field of
knowledge are conducted, and new teaching techniques emerge. As technology
advances and time progresses, an individual's cognitive abilities and perception of
information adapt correspondingly. And that is normal. Also the younger generation
has less concentration. “New environments taking advantage of artificial intelligence
and virtual reality are to come if we aim at educating the Alpha generation with tools
that are close to the way in which they are used to learning” (Sanchez-Ruiz,
Llobregat-Goémez, Rodrigo-Ilarri, 2024). That is, depending on the environment and
time, the teaching methods should also change, and this is a pattern.

As noted above, technology is currently developing rapidly, and as a result,
teaching just through traditional techniques in schools is insufficient for the future of
students. The transformative view of ICT in education requires us to examine what
new ways of pedagogies and curriculum are appropriate for a new generation
working with new tools (Royati Abdul Sahaa, Ahmad Fauzi Mohd Ayubb, Rohani
Ahmad Tarmizi, 2010). Today, it is essential to modernize teaching techniques and
integrate information and communication technology into the educational process.
This is not only current and relevant, but it also serves as a technique to keep students
engaged. The general knowledge that high school students in this day in age are very
interested in computers and video technology leads teachers and administrators to
believe that the students would want to go to a classroom where these technologies
are being used (McFarland, 2008). Also according to research when GeoGebra was
used, students were adequately engaged to complete the task (Dahal, Pant, Shrestha,
Manandhar, 2022). In other words, dynamic mathematical applications may stimulate
interest in the topic while presenting complicated concepts in a simple and intelligible

manner. GeoGebra establishes circumstances for dynamically constructing, altering,



and examining geometric objects and their attributes. This program helps students do
research and encourages self-education.

This study is relevant as it investigates the necessity for efficient,
technology-integrated approaches to mathematics instruction. Geometry necessitates
robust visualization skills, and numerous students encounter challenges in addressing
geometric issues owing to insufficient visualization capabilities. GeoGebra provides
interactive and dynamic educational experiences that can improve conceptual
comprehension, engagement, and motivation. This research presents empirical data
on GeoGebra's efficacy in assisting educators in making educated decisions about the
integration of digital resources into their courses. As worldwide educational trends
change toward technology-based learning, this research helps to improve
mathematics education by making it more interesting and accessible.

Furthermore, recent foreign researchers have found that using the GeoGebra
program improves students' academic performance, geometric concept understanding,
and motivation to study. However, the majority of these researches were conducted in
a foreign education system, and actual studies that take into consideration the
particular curriculum and students in Kazakhstan schools are few. Therefore, the
study of the efficasy of the GeoGebra in learning and teaching geometry is relevant in

Kazakhstan.

Problem statement

One of the most important issues in teaching geometry in a modern school is
the development of students' spatial thinking, a thorough comprehension of geometric
ideas, and the capacity to apply that knowledge in real-world situations. However,
typical teaching techniques utilized in geometry lectures make it difficult for many
pupils to grasp abstract concepts, resulting in a loss of enthusiasm to study. As a
result, pupils frequently recall geometric forms and their attributes but do not
completely comprehend them at the semantic level.

Despite the active integration of information and communication technology

into education, the systematic and methodical use of digital tools, particularly



dynamic mathematical applications, in school mathematics sessions remains
insufficient. Although the GeoGebra program allows users to examine geometric
objects visually and interactively, the exact approach for its application and its impact
on students' academic progress have not been thoroughly investigated in domestic
educational practice.

At the same time, there is a lack of actual evidence demonstrating the efficacy
of digital technologies in teaching geometry in Kazakhstani schools. As a result of
this limitation, teachers rely on traditional methods and do not fully utilize the
potential of current technology. In this regard, it is necessary to empirically validate
the true influence of teaching geometry on the quality of students' understanding
utilizing the GeoGebra application.

Taking these difficulties into account, the primary goal of this dissertation
research is to establish the influence of using the GeoGebra application throughout
the geometry teaching process on student academic performance, as well as to

compare the effectiveness of traditional and digital teaching techniques.

Aim of the research

The study aims to investigate the effect of GeoGebra as a digital tool on the
academic performance of high school students in geometry learning by analyzing its
effectiveness in enhancing conceptual understanding, problem-solving skills, and

overall achievement.

Objectives
To examine the effect of GeoGebra on students' academic performance in
geometry and compare the performance of students who use GeoGebra with those

who follow traditional teaching methods.

Research Question
What is the effect of using GeoGebra on high school students' academic

performance in geometry?



Anticipated Outcomes

Students using GeoGebra will show significant improvement in their geometry
performance compared to those using traditional methods.

GeoGebra will enhance students' spatial visualization skills, leading to better
conceptual understanding.

Recommendations for effective integration of GeoGebra into the mathematics

curriculum



2. LITERATURE REVIEW

2.1 Overview of GeoGebra: history, features, and educational

applications

GeoGebra is a free, multi-platform dynamic mathematics program that
incorporates geometry, algebra, spreadsheets, statistics, and calculus into one
integrated system, intended for students of all educational stages. Developed in 2001
as part of Markus Hohenwarter’s master’s thesis, the software has experienced
continuous growth in adoption and influence. At present, GeoGebra is utilized in
approximately 190 countries, translated into 52 languages, and records around
300,000 downloads each month. Its global implementation is further supported by 40
GeoGebra Institutes operating across 30 countries . Moreover, the software has
received numerous educational technology awards in both Europe and the United

States and has been installed on millions of devices worldwide.

2.1.1 History

GeoGebra is an open-source dynamic mathematics program, which was created
as a part of Markus Hohenwarter’s master’s at the University of Salzburg, Austria.
The official GeoGebra site presents the newest edition of the software, along with
accompanying resources, like GeoGebra Wiki, user discussion forums, peer-reviewed
papers, and information regarding GeoGebra Institutes in certain regions. The
primary aim in proposing GeoGebra was to provide an open-source, functional,
easy-to-use solution for understanding geometrical, algebraical, and calculus fields of
mathematics, which are not commonly addressed in a common program (see Figure
2.1.1.1). When published online in 2002, GeoGebra gained rapid popularity and
attracted the attention of teachers, many of whom approached Markus Hohenwarter
after the software was introduced in 2002. An enthusiastic reception was further
fortified by the praise GeoGebra received through numerous educational technology

awards, including the European Academic Software Award in 2002.



Figure 2.1.1.1. Connected Algebraic and Graphical Representations within
GeoGebra
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Source: Adapted from Hohenwarter, M., Jarvis, D. & Lavicza, Z. (2008). Linking
Geometry, Algebra, and Mathematics Teachers: GeoGebra Software and the
Establishment of the International GeoGebra Institute

Encouraged by this early success, Hohenwarter worked to further promote
GeoGebra development in a doctorate program that aimed at teaching pedagogical
uses in Austrian schools. Hohenwarter began teaching at Florida Atlantic University
(FAU), as a visiting professor in August 2006 and entered a teacher education
initiative called the Mathematics and Science Partnership (MSP), funded by the
National Science Foundation (NSF). His scholarship for this project has focused on
enhancing teachers' mathematical content knowledge and mathematical
implementation through the use of technology-rich classrooms. The MSP partnership
with local schools has allowed him to continue developing GeoGebra according to
the feedback and experience gained while collaborating with middle and high-school
teachers (Hohenwarter, M., Jarvis, D., & Lavicza, Z., 2009).

Since 2002, Markus Hohenwarter has been asked to present lectures and
workshops in GeoGebra in various teacher associations, universities, as well as

international conferences in Europe and North America. Invited to participate have



been teacher associations' professional events, such as NCTM affiliate conferences,
as well as academic institutions and international scholarly conferences. Engagements
of this kind demonstrate the increasing academic and professional acceptance of
GeoGebra as a creative tool in the field of mathematics instruction. In addition to
making professional applications, GeoGebra is often adopted in educational research,
used in academic projects and supported by publishing textbooks that contain
GeoGebra-based supplementary products. A software of nine geometry programs was
chosen for consideration in the Interoperable Interactive Geometry for Europe
(Intergeo) initiative and carried out for the 2007-2010 period. Alongside this, an
international community of volunteers has been responsible for translating GeoGebra
into approximately 40 languages through the help of an online localization system
(Hohenwarter, M., Jarvis, D., & Lavicza, Z., 2009). Now, the GeoGebra website
garners more than 350,000 monthly visits by users in 188 countries, and according to
shared resources and online activity, roughly thousands of mathematics teachers from
across the globe are currently using GeoGebra (Figure 2.1.1.2).

As educators began to ask more questions and request help, Markus
Hohenwarter created the GeoGebra User Forum and the GeoGebra Wiki to serve as a
source of continuous user support and constant access to a larger and larger collection
of freely available resources. These tools grew into large repositories in the form of
discussion posts and dynamic mathematics worksheets. These activities had become
common, even within the same community of in-service teachers, but by mid-decade
there hadn’t been a formally structured professional development program
specifically targeting GeoGebra for in-service teachers. A few colleges and
universities had already started integrating GeoGebra into their teacher education
curricula but it was found that some of the relationships and coordination between
these institutions remained limited. Given the need to facilitate teacher professional
development while ensuring the continuous technical development of the software
and coordination of research projects based on GeoGebra, Hohenwarter and his team

established an umbrella organization called the International GeoGebra Institute.



Figure 2.1.1.2. Visitors on GeoGebra Website per Month for the Period 2004-08
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Source: Adapted from Hohenwarter, M., Jarvis, D. & Lavicza, Z. (2008). Linking

Geometry, Algebra, and Mathematics Teachers: GeoGebra Software and the
Establishment of the International GeoGebra Institute

As per the section titled “Short History of GeoGebra”, GeoGebra was created
by Markus Hohenwarter in 2001-2002 in response to his master’s work related to
mathematics education and computer science at the University of Salzburg, Austria.
Through financial grants provided by the DOC scholarship from the Austrian
Academy of Sciences, Hohenwarter continued to develop the software as a
component of his doctoral research in mathematics education. During the time,
GeoGebra was awarded many accolades from international awards including
educational software competitions in Europe and Germany; it was translated into
more than 25 languages due to the efforts of mathematics educators across the globe.
In its founding phase, GeoGebra has been the responsibility of everyone from the
Austrian Ministry of Education to early stage funding from the United States National
Science Foundation project “Standard Mapped Graduate Education and Mentoring.”
In 2021, GeoGebra entered the BYJU’S educational technology group, making

available to hundreds of millions of learners an extensive worldwide network of



digital learning on its platform. Despite this integration, GeoGebra’s apps, teaching
aids, GeoGebra Classroom, and related features are accessible without cost. In
addition, GeoGebra has remained separate from its BYJU’S group structure, where its
early owners and development team continue to lead.

Software Development .The open source development community of GeoGebra
focused around the development of GeoGebra 4, which was planned for formal
publication at the International GeoGebra Conference held in Hagenberg near Linz,
Austria, from 29 to 31 August 2011. The major advances presented in this release are
introduced in later sections, and a beta release has already been released as part of the
GeoGebra website page under the “Roadmap” section. GeoGebra 4 was developed
and released with a redesigned user interface that can be updated, and the new design
allows users to change views in a more convenient way via drag and drop.
Furthermore, view-specific formatting toolbars provide rapid access to parameters
(such as your object's color, size, style, etc.) that are specific to the view. Such
pre-defined interface perspectives — for example, those of one specific field (like
primary education, algebra, or statistics) — allow you to modify the workspace with a
single click. They, along with new tools including a digital pen and an on-screen
keyboard, enhance the compatibility of their functions with interactive whiteboards
and tablet devices. With implicit curves, inequalities, scriptable buttons, and many
new commands like those for elaborate constructions such as Voronoi diagrams, it
also adds its mathematical powers. On the whole, GeoGebra 4 is a major step forward
in terms of flexibility, and also a greater scope of power, but still very easy to use and
more user friendly than the previous versions.

GeoGebra Mobile. The GeoGebra Mobile initiative aims to enable the use of
GeoGebra web applets, commonly referred to as dynamic worksheets, across a broad
range of devices, including smartphones operating on platforms such as iPhone and
Google Android. To support this development, key components of GeoGebra are
being adapted to the web-based programming language JavaScript. This transition

allows GeoGebra’s online resources to be accessed directly through modern web



browsers without requiring a Java plugin, both on touch-enabled mobile devices and
on desktop or laptop computers. With the release of GeoGebra 4, GeoGebra Mobile
applets are intended to become the standard format for exporting dynamic worksheets
that display only the graphical view.

GeoGebra 3D. GeoGebra 3D is designed to introduce an intuitive
three-dimensional geometry and graphics environment within GeoGebra that can be
easily operated using a mouse. This feature enables users to construct and
interactively manipulate a wide range of three-dimensional objects, including points,
lines, polygons, spheres, polyhedra, and surface plots defined by functions of the
form . The 3D view is intended for use within the standalone GeoGebra application

and is also designed to support integration into interactive web-based environments.

2.1.2 Features

Technological innovation performs a vital part during the instruction and
acquisition of mathematical concepts; influences the mathematical subject
content presented and promotes the learning process for students (Selvaraj, N.,
2024). GeoGebra is a versatile and all-in-one mathematical software environment that
provides tools to work with any language program that connects with your program,
including the three-way and horizontal vectorization, binary arrays, and
multi-dimensional data, among other things. It is utilized extensively in teaching,
learning, and exploratory mathematics education. The program allows the user to
graph functions, equations and inequalities in a Cartesian coordinate system and plot
points, constructs and scales a line/curve and customizes graphical representations. It
has also built-in algebra functionality for symbolic computation, in the form of
defining variables, algebraic expressions and equations, factoring polynomials,
function problems, etc.

GeoGebra also gives you calculus functions like differentiation and integration
to compute derivatives, test limits, definite and indefinite integrals, and views for
functions and behavior. A spreadsheet function enables the organization and analysis

of data through statistical analysis, chart generation, and the use of mathematical
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functions on data. A feature of GeoGebra that highlights its power is that, in the
dynamic interaction, you are able to move objects or parameters around at any time
using sliders, checkboxes and input fields and get immediate visual feedback in the
form of visual and conceptual content. Salyngan modelderdi ulkeityge jane
kishireityge, jazyqtyq jane kenistiktik figyralardyn gasietterin zertteyge mumkindik
beretin eksperimentter zhurgizyge, yagni geometriyalyq turlendirylerin oryndayga
bolady. Sonymen qatar, model design procesin animaciyalayga jane beimne retinde
koryge bolady (Zhubanov, 2021. In Kazakh). The software supports scripting features
in the format of GeoGebra Script, for automating operations, customised tool
development, and creating interactive applications. Moreover, GeoGebra naturally
connects geometric/algebraic and numerical representations, making its analysis from
an extensive international perspective, and being an online community with great
resources such as tutorials, lesson plans, and user generated interactive contents
through its official GeoGebra site. GeoGebra features desktop options for Windows,
macOS, Linux, tablet apps (Android, iPad, Windows), and a web-based app based on
HTMLS. GeoGebra is a powerful versatile and versatile math tool that offers a range
of mathematical operations and operations at differing levels of complexity. It has
been shown to have a wide range of users such as students, teachers, researchers,
researchers - even scientists, scientists (the ones writing), mathematicians etc., with
massive benefits based on numerous studies. The platform features a simple and
non-technical user interface which is friendly and can be easily navigated, easily
available for inexperienced users. It is therefore considered a useful resource that
many students find in educational level systems of all grades, in both academic and
non-academic learning, from the elementary level to higher education, of studying
and teaching mathematics, and can be used as an aid to the teachers. The dynamic
nature and compact elements of GeoGebra support active, exciting and brief learning
of mathematics, science and other such disciplines in the sciences, in tune with the
technology-based education challenges of the 21st century. In pedagogical terms,

GeoGebra helps teachers to simplify The process of creating visual and dynamic
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educational materials such as virtual experiments, simulations, and mathematical
models that may be adapted to various levels of difficulty. This flexibility supports
differentiated instruction and accommodates diverse learning styles within the same
classroom (Siregar, T., 2025). In general the GeoGebra tool proves to be very much
advantageous in the domains of algebra, calculus, physics, linear programming etc, to
better the students’ performance, facilitate the students’ deeper understanding, while
increasing the students’ engagement by visualizing complex concepts. There is
increasing empirical literature within mathematics and STEM education that suggests
GeoGebra is well-suited for use in current curricula and instructional practices and is

associated with promising learning results.

2.1.3 Educational applications

According to Ince-Muslu and Erduran (2021), technology can support students
in understanding mathematical concepts. Furthermore, previous studies have reported
positive effects on academic achievement and student engagement (Ali et al., 2023;
Hanifah et al., 2025). GeoGebra’s pedagogical worth is in its ability to be used with
varying levels of education and curricular levels. It can do an excellent job of being
used at the elementary level to teach mathematical concepts and measurement, and in
higher education at secondary levels in order to explore new mathematical models,
representations and proofs. Content is designed within the context of real life. This
software can provide contextually relevant learning tasks to connect mathematics
concepts to daily experiences and make it relevant to today’s curriculum changes that
emphasise genuine learning and relevance to the real world. When taken in a more
contextual manner, GeoGebra can help students view mathematics not as just
metaphorical processing but as a practical approach used to investigate and solve real
life problems. Also it supports both teacher learning and self-learning enabling
flexible integration throughout a wide range of instructional modality such as
in-class, blended and total online. In relation to Learning Management Systems,
compatibility in the distance learning, particularly in the post-pandemic learning

environments, is reinforced. GeoGebra can also ease students’ anxiety for
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mathematics by visualizing mathematical concepts and models, making learning both
more engaging and accessible. That is why GeoGebra has been recognized as a global
educational innovation, not only using its technological capabilities but also
becoming a tool for teaching development in mathematics education through
accessibility, interactivity and applicability. With ongoing upgrades in line with
international educational standards, it is continually relevant, showing how carefully
designed technology has the potential to make mathematics education more dynamic,
participatory, and inclusive. GeoGebra has multiple functions that add to its
usefulness as a tool for mathematics education. It is also a free educational, teaching
and non-profit solution, which means a low-cost and wide open access. The
program's software comes in web, mobile apps, web based and mobile applications,
which enables extensive users of many platforms, from Windows, macOS, Linux, and
ChromeOS, and web- and mobile apps for iOS and Android. The user interface looks
the graphical approach for easy and intelligible browsing and using the tools.
GeoGebra is also linked by a vast online repository of thousands of instantly
accessible interactive worksheets (interactions) within numerous fields of maths,
greatly minimizing the lead time from teacher to student. Detailed technical reports
and tutorials are also offered across various languages, supporting the international
user base. Within GeoGebra each mathematical object is denoted with standard
mathematical notation, such as subscripts and Greek symbols for specific and
relevant mathematical expressions with precision in educational contexts. Users can
save and export their work in an assortment of formats, including the native .ggb file,
dynamic HTML pages, or PNG, SVG and other image formats. The software has
built-in support for LaTeX, so users can write well-structured mathematical
expressions and text. A distinguishing feature of GeoGebra is dynamic, as all objects
are connected and interact with one another and changes to one object will update on
the next, keeping all related elements updated together, allowing for conceptual
explorations and understanding. Built-in and finished constructions and notes can be

shared and used as websites or part of learning management systems, with JavaScript
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integration. More recently, GeoGebra has been translated into dozens of languages,
further cementing its classification as a global education tool. Taken as a whole, these
tools enhance mathematics teaching and learning because they directly indicate the
effect of changing parameters on mathematical situations. Objects like points, lines,
segments and circles can be rearranged to give greater expression to abstract relations
and make it apparent to a more intuitive way of looking at things. Constructions can
be built using point-and-click manipulation or by clicking commands on the input
bar, which can adapt to diverse users. Figure 1 Screenshot of the GeoGebra interface
depicts the convergence between the geometric and algebraic models. The software
can display several functions in one working area as shown. The interface includes an
algebra view, menu bar, navigation bar, input field, toolbar, and a geometry window
or working window. GeoGebra supports teaching/learning geometry, but it also offers
powerful algebra teaching features, especially functions and diagrams.

Integrated instruction with GeoGebra has proven to improve student outcomes,
reduce the time spent on typical computation tasks, and address difficulties associated
with coordinating multiple mathematical representations. Moreover, implementation
of such tools enhances student interest and motivation related to core mathematical
concepts. This provides a robust justification for the incorporation of dynamic
mathematics software like GeoGebra into secondary-level mathematics education,
especially for topics that require significant visualization and symbolic reasoning.
From a pedagogical perspective, the incorporation of GeoGebra aligns with
contemporary educational goals to foster higher-order thinking and digital
competence. GeoGebra brings abstract mathematics theory and application together
into a model for more meaningful and accessible learning. Its use increases the
motivation of students, supports differentiated instruction, and caters for a multitude
of learning preferences. In this way, GeoGebra represents a transformative approach
in math teaching which integrates technological media and pedagogical methodology
to enhance teaching efficiency and student learning outcomes. It offers flexible,

convenient access, and emphasizes learner-centered, active learning approaches,
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which make it an innovative digital resource, essential for mathematical educators in

achieving their students' conceptual understanding, creativity, and learner autonomy.

Figure 2.1.3.1. Screenshot from a GeoGebra Window
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Source: Sebsibe, A. & Abdella, N. (2025). The effect of GeoGebra integrated

instruction on students’ learning of the quadratic function concept

2.2 The role of dynamic geometry software in mathematics

education

In elementary mathematics, geometry is known as a subject that deals with
shapes and their transformations. It stresses that as geometrical thinking is taken to
the next level, the knowledge students gain with geometric activities should support
visual and analytical reasoning, as well as hierarchical inference processes at the
appropriate levels of attention. The reasoning outcomes based on what students know
intuitively are called conjectures, and knowledge from their logical reasoning is
referred to as conclusions, but it is noted that only a limited number of students are

able to reach such inferential outcomes. Furthermore, the curriculum informs a
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consideration of achievement of learning objectives around geometric content, but in
particular the cultivation of specific skills, affective traits, psychomotor capacities,
and self-regulation. In this context, the Ministry of Education’s textbooks explicitly
recommend the use of dynamic geometry software and encourage the sharing of
related learning experiences with students (MEB, 2007). According to Abromavich
(2013) the integration of technology into mathematics teaching can help students
recognize the close relationship between mathematics and computing. While digital
tools make mathematical knowledge more accessible, mathematical principles can
also be applied to enhance computational processes, thereby creating opportunities
for learners to explore new mathematical concepts more effectively.

As a form of dynamic mathematics software, GeoGebra has become
increasingly widespread in mathematics education worldwide. Beyond enabling
dynamic geometric constructions, it supports essential processes in geometry
learning, including visualization, estimation, conjecturing, construction, exploration,
and proof. Research findings indicate that GeoGebra is highly effective in
mathematics education and can be successfully utilized both in teacher education
programs (Dogan & Karakirik, 2009) and in supporting students’ learning processes
(Dogan & Igel, 2010).

Several studies have demonstrated the benefits of technology integration in
mathematics education. Sulak (2002) reported that computer-based instruction
resulted in higher student achievement and more positive attitudes compared with
traditional teaching methods. Likewise, Aktiimen and Kagar (2008) found that the use
of Maple contributed to more favourable attitudes toward mathematics. Giliven and
Karatag (2003) also examined students’ opinions regarding the use of Cabri as a
dynamic learning environment. At the conclusion of the study, the students' attitudes
about mathematics in general, and geometry in particular, shifted positively. A
dynamic geometry environment is also very useful to the students. Furthermore,

exploratory mathematics exercises have been shown to increase pupils' confidence.
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Many evidence-based studies show that GeoGebra has a positive impact on
students’ mathematical engagement, learning, achievement, and understanding.
Experimental and quasi-experimental research in various educational settings
regularly report an enhancement in learning results of geometry, algebra, and similar
areas where GeoGebra is used as part of an instructional platform (Arbain & Shukor,
2015; Gamage & Charles-Ogan, 2019). Several investigations have also investigated
if gender differences in these outcomes are evident. Evidence from previous studies
suggests that GeoGebra can positively influence students’ mathematical learning
outcomes. Lestari et al. (2019) reported that the integration of GeoGebra within a
reciprocal peer-tutoring approach significantly improved learners’ mathematical
communication abilities, while no significant differences related to gender were
observed. Likewise, Akobundu et al. (2025) and Gamage and Charles-Ogan (2019)
found that GeoGebra-assisted instruction contributed to higher levels of academic
achievement and reduced disparities between male and female students.

GeoGebra serves as an interactive geometry environment, allowing users to
construct and dynamically manipulate points, vectors, segments, lines, conic sections,
and functions. The interface consists of a graphics view and an algebra view, which
are interdependent: each algebraic expression corresponds to a geometric object and
every geometric construction has an algebraic representation. Using mouse-based
geometric tools in the graphics window, users can construct structures, or they can
input algebraic expressions, commands, and functions through the keyboard. In the
graphics view, the graphical representation of objects is displayed, and in the algebra
view, their numerical and symbolic forms are simultaneously shown. In addition,
GeoGebra’s interface is extremely versatile, and it is possible to customize this to
learners' requirements and even use the algebra window, input field, coordinate axes
(with grids), drawing pad, and a wide range of geometric tools to meet different
instructional and learning needs. In this way, GeoGebra allows students to gain a
deeper understanding of the relationship between mathematical objects. This

increases its pedagogical value in teaching geometry.
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2.3 Comparison of Traditional and Technology-Based Methods in

Geometry Instruction

Technology provides a wide range of tools for mathematics instruction, from
online learning environments and visual calculators to interactive educational
applications, dynamic geometry software, like GeoGebra, and platforms, such as
Khan Academy. These technologies have the potential to reshape mathematics
teaching and learning by making concepts more visual, interactive, and engaging.
Still, the transition towards more technological methods presents some obstacles as
we move from traditional teaching methods to technology-enhanced methods. Yet, it
is undeniable that the integration of technology in mathematics education gives
educators a unique chance to design more stimulating and more personalized learning
experiences that develop critical thinking, problem-solving abilities, and
mathematical reasoning skills.

In conventional classroom settings, teachers often encounter difficulties in
addressing the needs of students with differing levels of mathematical proficiency.
Technology supports greater instructional flexibility by allowing learners to engage
with content that aligns with their individual knowledge levels, thereby reducing
feelings of pressure or exclusion (Denga, 2024). This transformation has been
accompanied by broader pedagogical changes in schools and higher education
institutions that emphasize active learning, student engagement, and flexible access to
educational resources (Engelbrecht & Borba, 2024).

Conventional methods in teaching geometry are largely based on a
lecture-centred and formula-related learning system and memorization of the content
as a focus with the teacher as the main factor in knowledge transmission. These
approaches provide an organised learning context, support an orderly dissemination
of the contents of the curriculum, and rely on standard physical resources. But these
methods tend to promote passive learning, which can inhibit the growth of
higher-order cognitive competencies, such as critical thinking and problem solving,

and generally don't involve or deliver prompt feedback to students. So,

18



technology-integrated approaches are useful in some way. Ntshangase et al. (2024)
reported that the integration of GeoGebra into geometry instruction had a positive
effect on students’ understanding of circle geometry. Based on both quantitative and
qualitative findings, the authors recommended the wider implementation of
GeoGebra-supported lessons in mathematics education. They also emphasized the
importance of strengthening teachers’ digital competencies through professional
development and ensuring that schools are equipped with adequate technological
resources, including computers and relevant educational software. Furthermore, the
study suggested that increasing student motivation and interest in learning may
contribute to improved achievement in mathematics and geometry, as learner
inspiration was identified as an important factor associated with academic
performance.

On the other hand, technology-enhanced learning interventions with
educational apps (e.g. dynamic geometry software, augmented reality, and virtual
reality) promote interactive learning and facilitate real-time visualization of and
learner activation in lessons. These tools allow students to directly manipulate
geometric objects and instantaneously observe the effects of their actions, making
abstraction concrete for those students and providing immediate feedback. It has been
supported by ample evidence that when put to use in an appropriate and engaging
manner, these technologies lead to better conceptual comprehension, motivation, and
achievement in geometry. However, their use is only effective if there is a solid
technological infrastructure, the teacher’s knowledge and training sufficient, and
challenges of distraction and reliance on short-term empirical evidence may arise.

Technology has a high potential to enhance geometry classroom teaching
because it can create hands-on, visual and experiential learning experiences that will
frequently surpass what is expected with typical practice in terms of engagement and
performance. Yet a blended approach to instruction, where the organizational merits

of traditional instruction are combined with the technology’s interactive and dynamic
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features, is often the most successful, serving various learning needs and supporting

deeper, more substantial mathematical learning.

2.4 Impact of GeoGebra on students’ academic performance in

geometry

Geogebra improves students' understanding of geometry, statistics and
functions by enhancing problem solving accuracy and their ability to form inferences.
In many cases, the experimental group utilizing GeoGebra had better post-test scores.
According to N. Arbain & A. Shukor (2014), the study had shown that GeoGebra
software had a positive impact on students’ achievement in the topic of Statistics.
Students have high levels of enthusiasm, confidence, and motivation towards
GeoGebra software. Similarly, GeoGebra enables students to create and alter
geometric shapes independently rather than simply memorizing a pre-made formula.
What students are given is curiosity, a drive to explore unusual experiences, and a
sense of fulfillment. Consequently, the learning activities are driven by internal
factors instead of those at an external level. According to S. Sebsibe and M. Abdella
(2025), students who were taught using GeoGebra performed better in terms of both
conceptual understanding and problem-solving skills than those who received
traditional instruction. The study also found that learners in the GeoGebra group
showed greater motivation toward learning quadratic functions, and these differences
were statistically significant (p < 0.05). A wrong response in a typical lesson might
sap a student's drive. Within GeoGebra environments, a student may alter an item
several times and quickly notice and remedy any errors. Also, according to
Zhanarbekuly (2025) Geogebra bagdarlamalyq jasaqtamasy oqyshylardyn
geometriyany oqytydagy mathematicalyq qabiletine on aser etti (in Kazakh) and this
research was conducted in Kentau, Kazakhstan. So when errors are made you are less
fearful and your self-confidence is greater. GeoGebra is useful; it can increase

students' intrinsic motivation, reduce their fear of making mistakes, foster their
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learning autonomy, and assure active involvement in the classroom. These attributes
also directly impact the quality of geometry learning and students’ learning results.

Previous research has consistently reported positive effects of GeoGebra on students’
achievement in geometry (Jelatu & Ardana, 2018; Singh, 2018). They confirmed that
GeoGebra teaches their class and helps students learn geometry by helping them
grasp the material and expand their understanding of geometry. A considerable
number of studies have compared learning outcomes between students taught using
GeoGebra and those receiving traditional instruction, with results generally favouring
technology-supported learning environments (Jelatu & Ardana, 2018; Khalil, 2017,
Khalil et al., 2018; Masri et al., 2016; Seloraji & Eu, 2017; Shadaan & Eu, 2013;
Singh, 2018). Building on this body of research, the present study examines the
effects of GeoGebra within group-based learning activities. Furthermore, Karatas
(2022) reported that students held positive perceptions regarding the use of GeoGebra

when learning geometric transformations.

2.5 The role of psychological factors in academic performance

Academic performance in mathematics is affected by different things, not only
pedagogical, but also by the underlying psychological aspects. Motivation, interest in
lessons, self-confidence, attitude to mathematics, and anxiety levels of students affect
an individual's academic performance. Research has demonstrated that some types of
technology-based learning tools such as GeoGebra are able to inspire more students'
mathematics interest, increasing their involvement in the learning process over recent
years. The researchers’ observation and the students’ responses during the activities
revealed that the students’ motivation in the class is increased with computer-based
activities” (Dogan, M. & Igel, R., 2011). Interactive math programs can have a
positive influence on the psychological perception of students and indirectly enhance
academic achievements, the researchers stated.

Self-confidence, according to Cambridge Dictionaries Online, refers to the

ability to "behave calmly because you have no doubts about your ability or
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knowledge," suggesting a calm confidence based in certainty. Fishbein and Ajzen
(cited in Parsons, Croft, & Harrison, 2011: 53) declare, "self-confidence is a belief,"
echoing the truth that it is a matter of the self-confidence. Scoenfeld (as cited in
Hannula, Maijala, & Pehkonen, 2004: 17) argues that a person's cognition and
emotions are more influential on the understanding and participation in the math
process. Indeed, Zimmerman, Bonner, and Kovach (1996: 42-43) also demonstrate
that in students who have not achieved considerable academic success, feelings of
self-confidence can be an inspiring motivational factor that helps boost motivation.
For success, a strong sense of self-assurance is essential. Confident feelings of being
capable, comfortable, and, therefore, self-reliant, come before any external
reinforcement (Molloy, 2010: 138). For instance, Nur Ghufron and Rini R.S (2011:
35) describe self-confidence as a personal variable including such qualities as:
self-efficacy, optimism, objectivity, responsibility, rationality, and realism. An
informal dimension of students' self-confidence in mathematics learning lies in both
interacting with students and teachers, as well as between peers (Jurdak, 2009: 111).
Educators influence students' confidence and their teaching methodologies heavily
influence students' confidence; experience that is difficult yet enjoyable induces more
self-confidence in learners (Jossey-Bass Teacher, 2009: 4).

Math anxiety in students is a frequent occurence. Nowadays almost all
students, regardless of level diference, feel anxiety to some extent. Due to the fact
that various people react diferently to studying and performing mathematics, there are
several methods to explain mathematics anxiety. Math anxiety encompasses feelings
of tension and apprehension that hinder individuals from efectively engaging with
numbers and tackling a range of mathematical challenges, both in everyday situations
and academic contexts. In this context, GeoGebra can be utilized to minimize
mathematical anxiety, allowing the student to better organize his thoughts. Numerous
articles explain how to accomplish that. The classroom teaching method corelates
with anxiety around mathematics. In particular, students' anxiety related to

mathematics can be reduced or increased depending on the teaching strategies used
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by the teachers. According to the study, several teaching strategies might lessen
students' anxiety related to mathematics. These strategies include promoting
conceptual comprehension, student participation, and supportive surroundings. On the
other hand, learners may experience elevated levels of anxiety as a result of stricter or
performance-oriented teaching methods. This emphasizes how crucial it is to use
compassionate and successful teaching techniques to foster a supportive learning
environment for kids who are experiencing anxiety related to arithmetic. A lot of
classrooms still teach traditional methods with an emphasis on skills developing.
Instead of encouraging a deeper comprehension of mathematical concepts, the
emphasis on skill acquisition via repeated practice and assessment can produce an
environment that heavily emphasizes performance results. This may cause increased
anxiety, particularly in students who might find it dificult to understand some
mathematical concepts or who worry about making errors when under pressure.
Therefore, in order to successfully address and decrease mathematics anxiety,
educators must take into account more holistic and inclusive teaching practices that
promote conceptual knowledge, problem-solving abilities, and supportive classroom
settings. Cruikshank and Shefield (1992) in Rossnan (2006: 2) claimed “if teachers
fail to implement seven important measures they then cause their students to learn
math anxious behaviors”. And they proposed seven important or, one might say,
necessary measures for teachers.
The following actions are suggested for the teachers:

e Express a fondness for maths.12

e Make math fun.

e [llustrate how mathematics is used in daily life and in vocations.

e Tailor lessons to the interests of the pupils.

e Set achievable, short-term objectives.

e Ofer productive activities.

e Incorporate meaningful teaching strategies to help students understand maths.
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According to Rossnan, educators should focus more on classroom design in
order to lower math anxiety among students. They should also make an efort to
establish an environment that celebrates each student's accomplishments and abilities.
The application of mathematics to students' daily life must be meaningful. Students
love experimenting as well. According to Rossnan, all instructors must include
technology, promote co-education, and apply mathematical manipulation in math
instruction for all pupils. Because it benefits pupils. Mathematical education
researchers frequently emphasize the use of games, activities, and manipulatives to
help students feel as though mathematics is a part of their everyday lives. This
practical method not only improves comprehension but also fosters creativity and

problem-solving abilities in the field of mathematics.
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3. METHODOLOGY

This study employed a quasi-experimental research design involving
non-equivalent control and experimental groups with both pre-test and post-test
measurements. A quasi-experimental approach is commonly used when random
assignment of participants is not feasible, combining certain characteristics of
experimental research with the practical advantages of observational designs (Hulley,
2013; Maciejewski, 2020). The purpose of adopting this design was to examine and
compare the impact of GeoGebra-supported instruction and traditional teaching

methods on students’ academic achievement.

3.1 Participants

The national educational system in Kazakhstan is divided into several
education levels that are arranged in ascending order from primary school to higher
education levels. Kazakhstan’s schools use different teaching strategies and methods.
“125 High School” from Kyzylorda city was chosen for this study and the school
provides education in Kazakh language. “125 High School” is a network of private
specialized schools in Kazakhstan, focused on the education of high school students
(grades 9-11), aimed at preparing for UNT. The school is known for a high proportion
of grants (up to 98%) for admission to higher education institutions and an intensive
academic base with branches in the cities of Almaty, Aktobe and Kyzylorda. Our
experiment took place in the filial in Kyzylorda. Textbooks and school programs in
the school are compiled according to the school program approved by the Council of
the National Academy named after Ibray Altynsarin. Since only grades 10-11 were
taught at this school, students of the same direction gather in each class, choosing the
same subject. So the students of the experimental and control groups chose biology
and geography subjects for the UNT, the class studies these subjects with in-depth
study. That is, both classes are called BioGeo. In this school, each class has a name

according to the subject.
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“125 High School” allowed students to participate in this experience. Also
consent forms were obtained from the parents/guardians of the students participating
in the experiment. In total, there were 35 students from 10-th grade. 17 students were
in the experimental group and 18 students were in the control group. The age of the
students who participated in the experiment is 15-16 years old. The figure below
visually shows the percentage distribution of students between the experimental and

control groups, indicating a nearly balanced sample.

Figure 3.1.1. Percentage distribution of between the experimental and control groups

Experimental group

Control group

3.2 Instrumentation

In this study, pre-test, post-test and questionnaire (questionnaire) were used as
the main measuring instruments for data collection. The research tools were aimed at
comprehensively assessing the level of geometric knowledge of students and
comparing the effectiveness of teaching methods. The pre-test and post-test were
compiled in the same structure and fully covered the research topics in terms of
content. Each test consisted of 20 tasks, 10 of which were presented in the multiple
choice format, and 10-in the form of an open-ended question. Among the Multiple

choice questions, 2 tasks were given in true/false format. Open questions were aimed
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at determining the level of deep understanding of students, the ability to express their
thoughts mathematically and the skills of logical thinking.

The content of the test tasks covered the following topics: the concept of
vectors in space and the operations applied to them; a point in space and the
coordinates of a vector; the dot product of vectors and the division of a segment in a
given ratio (see table x). The pre-test was conducted before the start of the experiment
in order to determine the initial level of knowledge of the students, and the post-test
was removed after the end of the experiment and allowed to identify the changes that
occurred as a result of learning. In addition, the tasks were taken from 3 different
books: Geometry (B.A. Smirnov & A. E. Tuyakov, 2019), Geometry problem book
(A.A. Amzebek, 2022), Mathematics (problem collection, 2021). The test tasks were
checked by an expert before conducting the study, their substantive validity was
ensured and their use was allowed. Additionally, school textbooks and curricula are
compiled according to the school program approved by the Council of the National
Academy named after Ibray Altynsarin. Accordingly, the subject of geometry is
conducted according to the book of A.N. Shynybekov (2019).

Figure 3.2.1. Examples of remembering part

5. Condition for the collinearity of vectors:
A) x tx, =y ty, =z +z

X V4

Y
B 1 1 1
) X v
2 2 2

C) x1=y1=21; x2=y2=ZZ

D) xle = ylyZ = zlzZ

6. If nonzero vectors lie on the same line or on parallel lines, what kind of
vectors are they?
A) Perpendicular vectors
B) Equal vectors
C) Collinear vectors

D) Unit vectors
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The test tasks were compiled on the basis of Bloom's Taxonomy, which made it
possible to assess students' knowledge at various cognitive levels. In particular, the
"Remember" level included 6 questions aimed at testing students' ability to memorize
basic definitions, formulas, and concepts. Examples are shown above (figure)

At the "Understand" level, 4 questions were asked, of which 2 questions were
presented in the true/false format and were devoted to identifying students' skills in

understanding theoretical material and interpreting it. Examples:

Figure 3.2.2. Examples of understanding part

9. What does it mean for two vectors to be perpendicular?
A) The vectors are parallel
B) The vectors are identical
C) The angle between the vectors is 90°
D) The vectors have the same length

E) The vectors are collinear

10. Why is the dot product of two perpendicular vectors equal to 0?
A) Because their coordinates are equal
B) Because their lengths are equal
C) Because a-b=lal Ibicos90°
D) Because they are parallel

E) Because their coordinates are proportional

And 10 questions covering the "Apply* and ”Analyze" levels were aimed at assessing
the students' ability to apply the acquired knowledge in reports, analyze and
effectively use them in various situations. Also, all of the tasks in this part were in the
form of open-ended questions.

The open-ended questions were aimed at assessing students' high-level
thinking skills, including the ability to analyze, reason, and compile reports. These

tasks required students not only to answer correctly, but also to justify their decisions
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and apply mathematical concepts in various situations. One example of such tasks

used in the test is shown in Figure 3.2.3.
Figure 3.2.3. Examples of “apply and analyze” part
19. In the prism ABCAlBlc o identify three coplanar vectors.

G

20. In the regular hexagonal pyramid SABCDEFSABCDEFSABCDEEF, the side
lengths of the base are equal to 1, and the lateral edges are equal to 2. Find the
scalar (dot) product of the vectors SA and SD.

S

B 1 em c

Thus, the test structure made it possible to comprehensively assess not only the
students' knowledge, but also the level of their application and analysis.

After the experiment was completed, a survey was conducted among the
students of the experimental group in order to collect additional data. The
questionnaire questions were taken from a research paper called “Effectiveness of
GeoGebra in teaching and learning Geometry” (Dipesh Prajapati, 2021) and adapted
and developed based on this study. So, the study used a survey to determine the
attitudes, motivation, attendance activity, and emotional experiences of GeoGebra
students. The survey was conducted only for students in the experimental group after

the experiment was completed, as this group used the GeoGebra-based learning
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method. The survey was aimed at assessing students' opinions about the effectiveness

of the GeoGebra program in teaching geometry. In particular, the tool made it

possible to explore such aspects as:

understanding geometric concepts;
perception of visualization;

motivation for mathematics;

classroom activity;

self-confidence;

the level of mathematical anxiety;

a vision for the future use of GeoGebra

The survey consisted of 10 statements, and a five-level Likert scale was used to

answer each statement:

strongly agree
agree

neutral

disagree

strongly disagree

8 conclusions in the survey were positive, and 2 were negative. Negative

conclusions were introduced in order to reduce bias in student responses and increase

the reliability of responses. Questions 4 and 7 were used as the reverse conclusions.

During the data analysis, the reverse coding method was used for these questions, that

is, the answers were recorded so that higher scores reflected a positive attitude.

The survey content was developed in accordance with the purpose of the study

and the impact of the GeoGebra program in the educational process. The survey was

taken from the research of Dipesh Prajapati (2021) and adapted according to this

research. The conclusions were aimed at covering the cognitive and affective

experiences of students. Examples of questionnaire items include:
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Figure 3.2.4. Examples of the Questionnaire

5 | GeoGebra reduced my
| anxiety when solving
geometry problems

6 | The use of GeoGebra
enhanced my engagement
during lesson

7 | I would prefer traditional
teaching methods over
GeoGebra

3.3 Validity and Reliability

Pre-test & Post-test. To effectively contribute to knowledge growth, tests must
be legitimate and accurately measure skills and abilities based on learning outcomes.
As noticed before in the part of “Instrumentations”, the subject teacher, expert and
supervisor helped ensure the validity of the achievement test. The expert that checked
the materials was the author of the geometry textbook A. E. Tuyakov and my
supervisor Nuri Balta.

In this research, the pilot test was done to determine the reliability of test items
based on the research of Dipesh Prajapati (2021). The researcher administered the
pilot test to students of “125 High School”, Kyzylorda. Pilot studies give researchers
with preliminary data to help them understand the potential outcomes of an intended
experiment. The purpose of the pilot study was to pre-check the clarity, structure, and
reliability of the test tasks used. For this purpose, students of the 10th "G" class who
do not participate in the experiment, but have a similar level, were selected.

Based on the results obtained, the internal sequence of test tasks was calculated
using the Cronbach's Alpha coefficient. The common method of calculating reliability
indicators on a survey scale is Cronbach Alpha (Ghazali, 2016). Also, the Cronbach's
Alpha method was specifically employed as suggested by Aithal and Aithal (2020).
The students were given a 20-task test. Their answers were coded as 1 point for a

correct answer and 0 points for an incorrect answer in questions that have multiple
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choice. The open-ended questions were assessed using an analytic scoring rubric
ranging from 0 to 4 points based on the accuracy and completeness of students’
responses:

e (0 — incorrect/no response

e 1 — very limited understanding

e 2 — partial understanding

e 3 —mostly correct response

e 4 — completely correct and well-explained response

The alpha Cronbach coefficient was calculated using the Python programming
language. As a result of the calculation, the value o = 0.742 was obtained. This
indicator shows that the internal sequence of test tasks is quite high and the research
tool is reliable. The alpha Cronbach coefficient above 0.7 indicates that the reliability
of the test is at an acceptable level, so the results obtained ensure the reliability of the
conclusions of the study. Thus, the test used was evaluated as a stable and reliable
measurement tool that meets the goals of the study. In addition, the students' total
scores are shown below as a graph and it is done by a python program.

Questionnaire. The questionnaire was thus designed to establish its validity in
that it measured students’ perceptions and attitudes toward the use of GeoGebra in
geometry learning. Validity refers to the degree to which an instrument measures
what it is intended to measure. Content validity was taken as the predominant validity
type in this research. In order to ensure content validity, items in the questionnaire
were reviewed by the expert and supervisor. The expert rated all items on their
relevance, clarity, and alignment with the objectives of the study. The statements were
especially scrutinised to ensure they truly represented students’ experiences with
GeoGebra-based instruction. In general, the expert review further confirmed that the
items on the questionnaire were adequate and representative of the construct that had
been measured. Hence, the content validity of the questionnaire is acceptable and can

be used in this study.
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In this study, the reliability of the questionnaire was examined to verify the
consistency and stability of the measurement instrument used in the study. Reliability
is the extent to which the same measurement produces consistent outcomes given
similar conditions. That means a reliable questionnaire provides stable and internally
consistent responses across its items, reflecting the same underlying construct. To
investigate students’ views on the use of GeoGebra in geometry, a 10-item
questionnaire was administered. Responses were recorded on a five-point Likert scale
ranging from “Strongly Disagree” (1) to “Strongly Agree” (5), allowing the
assessment of students’ motivation, attitudes, and perceptions. This scaling method
allowed for the quantification of students’ opinions and facilitated statistical analysis.

Before conducting the reliability analysis, negatively worded items were
identified and reverse-coded to maintain consistency in the direction of responses.
Specifically, items 4 and 7 were negatively phrased and were transformed using
reverse coding to ensure that higher scores consistently represented more positive
attitudes toward GeoGebra. This step is essential to avoid distortion in the calculation
of internal consistency.

The internal consistency of the questionnaire was evaluated using Cronbach’s
alpha coefficient. And it was calculated by python programming. As a result of the
analysis, the value of Cronbach's alpha a = 0.77 was obtained. This value indicates a
good level of internal consistency between the questionnaire items. According to
generally accepted standards, an alpha coefficient above 0.7 is considered acceptable.
Thus, the result confirms that the questionnaire items are sufficiently correlated and
reflect the same basic concept. Overall, the findings suggest that the questionnaire is a

reliable tool for assessing students’ perceptions of GeoGebra-based instruction.

3.4 Implementation of the experiment
The study used two different teaching methods. In the experimental group,
classes were conducted using the GeoGebra program. Geometric concepts, especially

topics related to spatial vectors, were explained to the students in this group through
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interactive visualizations. The GeoGebra program dynamically displayed the location
of objects in space, the direction and length of vectors, as well as the relationships
between them, which allowed students to clearly and visually understand abstract
concepts. And the control (traditional) was conducted in a group on these topics with
the help of the teacher's explanation, based on drawing drawings on the blackboard.
In this case, the visualization was static, and all explanatory work was based on the
traditional method.

Administration of Pre-test. Prior to the briefing, a preliminary test was
performed in both the experimental and control groups. The primary goal of the
pre-testing was to identify the students' initial level of understanding of the selected
geometry topics, as well as to ensure that both groups had comparable prior
knowledge before the experiment.

Testing was done under the same conditions for both groups to guarantee
fairness and consistency. All students were given the same amount of time to
complete the test, and no additional support or advice was provided throughout the
assessment. Before the test, the students were given explicit instructions and asked to
answer all of the questions individually.

The pre-test data were gathered and examined to establish that the
experimental and control groups did not differ significantly at the start of the study.
This assured the comparability of the two instructional approaches utilized in the
experiment.

Lesson Procedure. During the study, lessons on the same topics were
conducted in two groups: experimental and control, but with different teaching
approaches. The classes' content and learning objectives were identical for both
groups; the only variable was the mode of instruction. Also both groups had the same
teacher. The experiment lasted a total of 6 weeks. Humanities classes, that is, classes
that do not choose mathematics, do not study mathematics deeply. For this reason, the
experimental group and the control group study geometry once a week. The first

week was an introductory one. First, we explained to the students what a Geogebra is,
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drew shapes, and showed them how to use it. So we tried to reveal their interest by
visualizing the shapes. After the introduction, we took a pre-test. In addition, the
lectures addressed the following topics: Coordinates of vectors in space; Collinearity
and coplanarity of vectors; Vector addition and multiplication by a number; also,

scalar product of vectors (see table 3.4.1).

Table 3.4.1. Weekly Lesson Plan for the Experimental Group

Week Topics Tool Activities
| Introduction & Pre-test ~ Geogebra,  Introduction and
papers administration pre-test
2 Coordinates of vectors Geogebra  Demonstration of  vector
in space and finding coordinates and graphical
the length representation

3 Collinearity and Geogebra  Visualization of collinear and
coplanarity of vectors coplanar vectors using
GeoGebra; dynamic
demonstration  of  vector

positions
4 Vector addition and Geogebra  Demonstration of  vector
multiplication by a addition:  visualization of
number parallelogram and triangle

methods
5 Scalar product of Geogebra  Visualization of the scalar
vectors product of wvectors using

GeoGebra; demonstration of
the relationship between angle
and dot product (positive,
negative, and zero cases)

6 Post-test & Papers Observation:  administration
Questionnaire of post-test and questionnaire

Each lesson has a set sequence. The teacher began the lecture by quickly
reviewing prior content and introducing the current lesson's objectives. This level

aims to activate students' past knowledge and get them ready for new topics. During
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the explanation phase, the teacher offered new topics. GeoGebra was utilized by the
experimental group to visually illustrate essential geometric principles. For example,
when teaching the coordinates of vectors in space, the instructor used a
three-dimensional graphic to demonstrate how the coordinates look (figure 3.4.1).
The instructor showed several demonstrations with other coordinates and explained
how to find the length of the coordinates and also showed what the lengths of the
coordinates actually look like by using GeoGebra.

Figure 3.4.1. Length of the coordinate

B(2,3,6)

06 4 |ABI=V(2-0)24(3-024+(6-02))=v49=7

Similarly, in “collinearity and coplanarity of vectors” lectures, GeoGebra was

used to show examples about collinearity and coplanarity of vectors (see figures

3.4.2,3.4.3 and 3.4.4).

Figure 3.4.2. Collinearity of vectors
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Figure 3.4.3. Collinearity of vectors
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Figure 3.4.4. Coplanarity of vectors

Also, there were other examples for more revealing vectors. For instance, let us be

given the figures F and F . and the vector a. When transforming the figure F into the

figure F o if the equality AA = a is fulfilled for the overlapping points A € F and

A € F o it is said that the figure F | was obtained by copying the figure F parallel to

the vector a (Figure 3.4.5 & 3.4.6).

Figure 3.4.5. Parallel copying the figure via vector
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Figure 3.4.6. Parallel copying the figure via vector

In the lesson “Vector addition and multiplication by a number”, the instructor
explained methods of vectors’ addition. Consider any two vectors, a and b. We must

combine these vectors to obtain the vector c¢ that equals a + b. To do this, we use the
constraint that a vector does not change when duplicated parallel to itself. Using this
rule, we can demonstrate many methods for adding vectors. For instance, we can
replicate two vectors parallel to each other such that their ends meet, making two
sides of a parallelogram, and then assemble a parallelogram. The resulting vector is
the diagonal formed by drawing the two vectors' origins together. This method of
adding vectors is known as parallelogram rule addition. Examples from GeoGebra are

shown below (Figure 3.4.7 & 3.4.8).

Figure 3.4.7. Visualization of vector addition: triangle and parallelogram methods

= e
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Figure 3.4.8. Visualization of vector addition: triangle and parallelogram methods

You may also use the triangle rule to combine vectors. To do this, we replicate
the provided vectors parallel to each other so that the tip of the first vector intersects
the tip of the second vector. The vector drawn from the tip of the first vector to the tip
of the second vector represents the total of the two vectors. It is shown above ( see
figure 3.4.8).

In the last topic, GeoGebra visualizations were used to dynamically show the
link between the angle created by two vectors and the sign of their dot product. For
“Dot product” several examples were shown. For instance, the figure 3.4.9 and figure
3.4.10 shows the dot product of two vectors defined in the coordinate plane. The
result is zero when the scalar product is calculated for the given vectors. This case
means that the vectors are mutually perpendicular. As we know, the angle is 90
degrees when they are perpendicular to each other. Cosine is 0 in 90 degrees.
According to the formula the result will be 0 due to this reason. To explain this in
more detail, the dot product is the "projection" of one vector onto the direction of
another. And if the vectors are 90°: a vector is not "projected" onto the other, i.e., the

projection = 0. Therefore, the dot product = 0. So, using the GeoGebra program, it
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was clearly shown that the angle is 90°, and the geometric meaning of the scalar

product was clearly explained.

Figure 3.4.9. Scalar product of two vectors
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The figure 3.4.11 shows that the angle between two vectors in space is acute (about
73°). In this case, the cosine of the angle is positive, so the dot product is also

positive.

Figure 3.4.12. Visualization of vectors related to degrees less than 90°

The figure 3.4.12 shows vectors pointing in the same direction. In this case, the angle
between them is very small, and the cosine is close to unity. As a result, the dot

product takes on one of the largest positive values.
Figure 3.4.13. Visualization of vectors related to degrees greater than 90°
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The figure 3.4.13 shows that the angle between the two vectors is obtuse (greater than
90°). In this case, the cosine of the angle is negative, so the dot product is also
negative. This example proves that the sign of the dot product depends on the angle.
Visualizations created using GeoGebra allowed students to gain a deeper
understanding of the geometric meaning of the dot product. Specifically, the
dependence of the value and sign of the dot product on the angle between vectors was
clearly demonstrated. This method allows for the explanation of abstract concepts
using concrete images, enhancing student comprehension.

The GeoGebra was used within the lesson as an instructional instrument as
scaffolding with Vygotsky’s Zone of Proximal Development (ZPD). The teacher
initially covered new ideas in the lesson on the board but used GeoGebra
visualizations first before students practised this idea with the software themselves.
The instructional framework focused on the following topics: coordinates and lengths
of vectors in space, collinearity and coplanarity of vectors, vector addition and
multiplication by a number, and the scalar product of vectors. At first, the teacher
introduced GeoGebra to visualize new concepts, to show formulas and geometric
relationships. Dynamic models contributed to learners’ spatial concepts while aiding
in easier interpretation of abstract mathematical concepts. In the second phase,
students experimented with GeoGebra from teacher supervision. They built vectors,
defined coordinates, measured vector lengths, and performed vector operations.
Students were supported to overcome any problems by the teacher when required. In
the next set of stages, students were more independent in performing mathematical
problem solving with GeoGebra. They explored scalar products, looked at the angles
between vectors, collinearity and coplanarity, and looked at collinearity and
coplanarity by doing interactivity and interactive visualizations and problem-solving.
Students also built on these learning experiences by implementing more complicated
exercises/practice and linking theory to practice.

In the control group, these topics were taught using traditional approaches. The

teacher explained the new material on the blackboard and created the relevant
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sketches by hand. Vectors and geometric forms were shown statically. The pupils
listened to the teacher's explanations, wrote them down in notebooks, and did the
tasks assigned later independently. In this group, learning was frequently done under
the supervision of a teacher.

The structure of the lesson was the same in both groups: the introductory part
(introduction of a new topic), the main part (completion of tasks) and the final part
(consolidation and feedback). However, the use of interactive and visual tools in the
experimental group made the learning process more active and discussed, while in the
control group, learning acquired a traditional, teacher-oriented character.

Administration of Posttest and Questionnaire. Following the instructional
procedure, the experimental and control groups administered a post-test. The primary
goal of the Post-test was to assess student learning outcomes and measure the efficacy
of two distinct teaching approaches utilized in the study. The post-test was done
under the identical settings as the pre-test, which was essential for ensuring the
reliability and relevance of the results. All pupils were given the same time to finish
the test, and the same instructions were provided before it began. The students
completed the exam assignments independently, without any assistance, allowing
them to establish their true level of knowledge.

The format and content of the post-test were identical to the pre-test. The test
has 20 questions, including multiple-choice, true/false, and open-ended questions.
The assignments used Bloom's taxonomy to test students' cognitive levels (remember,
understanding, applying and analyzing).

The questionnaire, which consisted of 10 questions, was the final component of
our experiment. It allowed us to determine what changes the GeoGebra made in their
understanding position. The questionnaire is designed to assess students ' experience
of using GeoGebra and their attitude to studying geometry. The answers were

collected on a five-point Likert scale and then used for statistical analysis.
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3.5 Data Collection

Data is collected over a 6-week period. To prevent pupils from missing tests,
we informed them about the assessments ahead of time and chose appropriate dates,
and the school administration and teachers were aware of this.

35 students actively participated in our experimental work. The research
protocol included both a pre-post test and a comprehensive questionnaire. On
average, participants spent approximately 50-60 minutes completing the pre-post test.
In addition, the questionnaire took an average of 5-7 minutes to complete, which

facilitated the acquisition of additional data relevant to the research objectives.

3.6 Ethical Considerations

All collected data will be kept secret and anonymised to safeguard the
participants' privacy. The data was obtained using Google Sheets, which allows for
thorough organizing while protecting personal anonymity. Each student's data was
depersonalized by assigning alphanumeric numbers with the prefixes "EO1" and
"CO1" to represent the experimental (E) and control (C) groups. Individual students
will not be identified in any papers or presentations, as only generic data was
supplied. Participation in the experiment will be optional, and children and parents

will be able to withdraw at any moment with no penalties or consequences.

3.7 Normality

At the initial stage of the analysis of the study data, the correspondence of the
results of the pre-test of the experimental and control groups to the normal
distribution was checked. The determination of the normal distribution plays an
important role in the correct choice of the statistical analysis method. The
Shapiro—Wilk normality test was used for this purpose. In addition, histogram graphs
were built to visually evaluate the results.

As shown below (see table 3.7.1), the Shapiro-Wilk test results in the
experimental group showed W = 0.889 and p = 0.045. For the control group, the
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results were W = 0.876 and p = 0.023. Since the p-value is lower than 0.05 in both

groups (p < 0.05), the results of the pre-test were found to be incompatible with the

normal distribution.

Table 3.7.1. Normality test

Group Test W p-value
Experimental Pre-test 0.88 0.02
Control Pre-test 0.89 0.04

The histogram graph of the experimental group showed that the students'
scores were concentrated in some intervals (see figure 3.7.1). The distribution of
points is not completely symmetrical and does not correspond to the ideal shape of

the Bell-shaped distribution. In addition, higher frequencies in some bands can lead to

uneven data distribution.

Figure 3.7.1. Normal distribution of the experimental group
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A similar situation was observed on the histogram chart of the control group
(see figure 3.7.2). The results are grouped into specific intervals, and the symmetry is
not fully preserved in the shape of the distribution. The graph clearly showed that the
data does not fully correspond to the normal distribution. The Histogram results

confirm the conclusion of the Shapiro-Wilk test.

Figure 3.7.2. Normal distribution of the control group
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In general, the results of the pre-tests of both groups did not satisfy the
condition of a normal distribution. In this regard, at the next stage of the study, it was
proposed to use a nonparametric statistical method for analyzing pre-test differences
between groups — the Mann—Whitney U test.

Also, in order to determine whether the results of the post-tests of the
experimental and control groups corresponded to the normal distribution, the
Shapiro-Wilk normality test was conducted. In addition, histogram and Bell-shaped
distribution graphs were used to visually evaluate the results. Checking the normal

distribution is an important step in choosing the statistical method used in the study.
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According to the Shapiro—Wilk test results (see table 3.7.2), the statistical
indicator for the experimental group was W = 0.924, and the significance level was p
= (.174. For the control group, the results were W = 0.917, and P = 0.114. Since the
p-value is higher than 0.05 in both groups (p > 0.05), it was assumed that the results

of the post-test correspond to a normal distribution.

Table 3.7.2. Normality test

Group Test W p-value
Experimental Post-test 0.92 0.17
Control Post-test 0.91 0.11

The histogram graph of the experimental group showed that students' scores
are mainly concentrated in medium and high intervals (see figure 3.7.3). The shape of
the distribution was approximately symmetrical and close to the shape of the
Bell-shaped distribution. There were no obvious extreme deviations. This shows that
the results of the students in the experimental group are evenly distributed and close

to the normal distribution.
Figure 3.7.3. Normal distribution of the experimental group
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As shown below (see figure 3.7.4), the histogram graph of the control group
also showed a tendency for the results to gradually increase and then decrease. The
distribution of points was approximately symmetrical, and the elements of
Bell-shaped distribution were visible. There was no serious contradiction to the

normal distribution of data on the graph. The Histogram results visually confirmed

the conclusion of the Shapiro-Wilk test.

Figure 3.7.4. Normal distribution of the control group
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In general, the results of the post-tests of both groups satisfied the condition of
a normal distribution. In this regard, at the next stage of the study, a parametric
statistical method, the Independent Samples t-test, was used to compare the results of
the experimental and control groups. The fulfillment of the normal distribution
condition allowed for parametric analysis and increased the statistical reliability of
the study results. The fulfillment of Normal conditions served as the basis for the
analysis of the research data by parametric methods. The following section describes

the statistical analysis methods used.
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3.8 Data analysis

After collecting data with the help of relevant tools and techniques, the next
important step is to analyze and interpret data with a view to arriving at an empirical
solution of the problem (Singh, 2009).The data collected from the achievement exam
was analyzed quantitatively. According to the data analysis results, descriptive
statistics, such as median and interquartile range (IQR) of pre-test scores, were
examined for both experimental and control groups. To investigate the differences in
the scores between the experimental and control groups on pre-test, Mann-Whitney U
test was used. The hypotheses were tested at a level of significance of 0.05. Also, to
analyze the effect of GeoGebra we compared the scores between the experimental
and control groups on post-test, and t-test was used according to the results of the
normality test, that is post-test results were normally distributed. The hypotheses
were tested at a level of significance of 0.05 as well.

In addition, a set of questionnaires was compiled to find out the attitude of
students to the use of GeoGebra in the 10-th grade. A 5-point Likert scale was
employed for this purpose. The collected data from the questionnaires were analyzed
using the mean value and the SD. As noticed before in the part of “Instrumentations”,
the questionnaire questions were taken from a research paper called “Effectiveness of

GeoGebra 1n teaching and learning Geometry” (Dipesh Prajapati, 2021).
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4. ANALYSIS AND RESULTS

The results of the study are presented in this section. This section analyzes and
compares the results of the pre-test and post-test of the experimental and control
groups using statistical methods. Descriptive statistics and inferential statistics were
used in the analysis of the results. First, the results of the pre-test conducted by both
groups are considered in order to determine the initial level of knowledge before
starting the study and the results were analyzed by Mann-Whitney U test. This stage
is important to ensure that the experiment is conducted fairly, since subsequent results
can only be objectively compared if the initial levels of the groups are equal. Later,
the results of the post-test were analyzed by Correlation analysis to identify the
relationship between student outcomes. The following hypotheses were proposed to
compare the test results:

Null hypothesis (N0 ):

There is no difference between the academic performance of students who
receive geogebra-based instruction and those who receive traditional instructional
methods in geometry.

Alternative hypothesis (N ) ):

There is a significant difference between the academic performance of students
who receive geogebra-based instruction and students who receive traditional

instructional methods in geometry.

4.1 Results of the pre-test

At the initial stage of the research, a pre-test was conducted to determine the
initial level of knowledge in geometry of the experimental and control groups. The
pre-test made it possible to compare the academic background of both groups before
the start of the study. According to Majka (2024), assessing people or variables under
investigation before implementing an intervention provides researchers with useful

information into their original state or condition.
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The Mann-Whitney U test was used to analyze the Pre—test results, since the
preliminary analysis of normality showed that the data was not distributed normally.
Therefore, the nonparametric statistical procedure was chosen to compare the initial

level of two independent groups.

Table 4.1.1. Pre-test results of experimental and control groups

Group Sample Median IQR U-value p-value
Experimental 17 6.0 1.0
175.5 0.457
Control 18 5.5 2.75

According to the analysis results (table 4.1.1), The median of the experimental
group was Md = 6.0, and the median of the control group was Md = 5.5. This shows
that the academic results of the two groups at the pre-test stage are very close to each
other. In addition, the IQR of the experimental group was 1.0, which means that the
results of the vast majority of students were close to each other. Since IQR =2.75 in
the control group, it can be seen that the spread of results in this group is slightly
higher. According to Mann-Whitney U test result U = 175.5 and p = 0.4575. Since the
p-value is higher than 0.05 (p = 0.05), it is concluded that there is no statistical
significant difference between the two groups. This means that the knowledge levels
of the experimental and control groups were approximate before the start of the study.
Therefore, the results of the pre-test showed that the level of initial academic training
of both groups was equivalent, which means that the groups were more suitable for
conducting experiments.

The distribution of pre-test results is shown by Violinplott (see figure 4.1.1).
According to the graph, the estimates of the experimental and control groups are
approximately in the same range, and their distribution forms are similar to each
other. In each of the two groups, the main part of the results is concentrated around
the average values, while peripheral values are less common. In addition, the
distribution density is the same in both groups, and there is no obvious asymmetry or

differences. This fact indicates that the initial knowledge levels of the two groups are
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homogeneous and there is no significant difference in their distribution. Thus, the
graphical representation of the pre-test results clearly proves that the groups are

initially suitable for comparison.

Figure 4.1.1. Distribution of pre-test scores in the experimental and control

groups
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In general, the results of the pre-test show that the baseline levels of the
experimental and control groups are equal. This allows an objective comparison of
the results obtained at the next stage of the study. In particular, a scientific basis is
being formed to link any differences between the groups observed in the results of the
post-tests with the influence of the teaching method used, that is, the GeoGebra
program. Thus, the results of the pre-test prove the correctness of the study design

and that the groups were in relatively similar initial conditions.
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4.2 Results of the post-test

At the end of the planned experiment time, a post-test was conducted to
compare the academic achievements of the experimental and control groups. At this
stage, it was intended to determine the impact of using the GeoGebra program on
students' knowledge of geometry. The post-test data were analysed using both
descriptive and inferential statistical techniques. Descriptive statistics included the
calculation of means and standard deviations for each group. Since the post-test
scores were normally distributed, an independent sample t-test was conducted to
examine whether there was a statistically significant difference between the
experimental and control groups. Furthermore, Cohen’s d was calculated to assess the

magnitude of the observed effect.

Table 4.2.1. Post-test results of experimental and control groups

Group Sample  Mean SD t-value  p-value Cohen’s d

Experimental 17 40.11 7.94

2.218 0.033 0.750
Control 18 33.77 9.54

Table 4.2.1 shows the results of the post-tests of the experimental and control
groups. According to the results of descriptive statistics, the average score of the
experimental group was M = 40.11, and the average score of the control group was
M= 33.77. This means that the students in the experimental group performed well in
the post-test. The difference between the average values of the two groups was about
6.34 points.

The standard deviation in the experimental group was SD = 7.94, and in the
control group-SD = 9.54. This indicates that the results of the control group were
somewhat scattered, while the results of the experimental group were relatively more
stable.

The independent samples t-test was performed to determine the statistical

significance of the differences between the groups. As a result, the values t = 2.218
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and p = 0.033 were obtained. Since the p-value is lower than 0.05 (p < 0.05), it can be
concluded that there is a statistically significant difference between the results of the
post-tests of the experimental and control groups.

Also, Cohen's D coefficient was calculated to determine the effect volume. As
a result, Cohen's d = 0.750. This indicator represents the effect size from medium to
high and shows that the use of GeoGebra has had a significant positive impact on
students' academic achievements in geometry.

Overall, the high average results of the experimental group, the statistically
significant difference, and Cohen's d score prove that GeoGebra-based learning was

more effective than the traditional teaching method.

Figure 4.2.1. Distribution of Pre-Test Scores in the Experimental and Control

Groups
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In addition, the figure 4.2.1 shows the distribution of the results of the
post-tests of the experimental and control groups according to the type of violin plot.
It can be seen that the scores of the experimental group are more concentrated in
higher ranges. While the central area of distribution of the experimental group is
about 40 points, the indicators of the control group are concentrated in the area of
about 33-34 points. In addition, it was noticed that higher results were more common
in the experimental group. There were no obvious extreme deviations in the
distribution of both groups. In general, the results of the violin plot visually confirm
that the post-test scores of the experimental group were higher than those of the
control group.

In general, the graph clearly proves that according to the results of the
post-test, the academic performance of the experimental group is significantly higher
and the teaching method used proved to be effective.

In the course of the study, students in the experimental group were surveyed in
order to identify their views on the application of the GeoGebra program. The survey
consisted of 10 statements and was evaluated on the Likert scale.

The alpha Cronbach coefficient was calculated to determine the reliability of
the data obtained. As a result, the indicator a = 0.77 was obtained (see table 4.2.3),
which indicates that the internal identity of the survey is at a high level. Therefore,
the survey results are considered reliable and suitable for further analysis.

A Pearson correlation analysis was performed to identify the relationship
between the survey results and the post-test indicators. This analysis allows us to
determine the level of relationship between the two variables. The analysis revealed a
strong positive correlation between the survey results and the post-test scores.

Since the resulting r value 1s 0.777 (see table 4.2.2), this indicates that there is a
higher-level positive relationship between the two variables. In other words, students
who spoke positively about GeoGebra or scored highly in the survey also performed
well as a result of the post-test. On the contrary, it was noticed that students with

lower averages in the survey also had relatively low post-test scores. Also, the result
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of p < 0.001 proves that the revealed correlation is statistically significant. This
suggests that the connection did not arise by chance and the result of the study is

reliable.

Table 4.2.2. Pearson Correlation Between Questionnaire Scores and Academic

Performance
Variable 1 Variable 2 r p
Questionnaire score Post-test score 0.777 0.01

According to the descriptive statistics of the survey results, the overall average
student score was 3.66. This result shows that students are generally positive about
the GeoGebra program. A low standard deviation, SD = 0.58, means that the
participants' responses were close to each other, and there was not much difference
between the responses. In addition, the indicator Cronbach’s alpha shows that the
internal identity of the survey is high enough and can be used as a reliable tool in

accordance with the objectives of the study.

Table 4.2.3. Overall Statistics of Questionnaire Results

Index Value
Overall mean 3.66
Cronbach’s alpha 0.77
Overall SD 0.58
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5. DISCUSSION AND CONCLUSION

This study aimed to determine the impact of using the GeoGebra program on
the performance of secondary school students in geometry. The results obtained
confirm the main hypothesis of the study and show that the GeoGebra program is an
effective tool in the learning process. According to Yenilmez (2009), many scientific
studies suggest that computers have made it simpler not just to learn mathematical
topics, but also to increase pupils' motivation and self-confidence.

The results of the pre-test were analyzed by Mann Whitney U test because
results of both groups were non-normally distributed. The pre-test results showed that
there was no statistically significant difference between the initial levels of
knowledge of the experimental and control groups (p > 0.05). This means that the
groups had the same level of training before starting the study and made it possible to
reliably compare the results of the experiment. That is, there is every reason to
believe that the subsequent differences are related to the influence of the teaching
method used. So, null hypothesis is accepted, alternative hypothesis is rejected
according to the pre-test results. It means that the groups are appropriate for the
experiment.

The results of the post-test were analyzed by independent t-test because results
of both groups were normally distributed. The post-test results showed that the
experimental group showed significantly higher results compared to the control group
(p < 0.05). This proves that using the GeoGebra program has had a positive impact on
students' learning of geometric knowledge. In addition, the high magnitude of the
effect (Cohen's d = 0.8) indicates that this difference is important not only
statistically, but also practically. Visual visualization, dynamic models, and interactive
interpretations using the GeoGebra program may have contributed to students' deeper
understanding of complex concepts. So according to the post-test results, the null
hypothesis is rejected and the alternative hypothesis is accepted for our first question.

According to Shadaan and Leong's (2013) findings, the implementation of GeoGebra
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in the learning and teaching process can have a significant influence on increasing
students' abilities.

The results of the correlation analysis of the study showed that there is a strong
positive relationship between the students' approach to GeoGebra and their post-test
results (r = 0.777, p < 0.001). The result means that students who received GeoGebra
positively also had higher academic scores. This finding is consistent with several
studies in the literature. Saha, et al. (2010) found that the performance of high visual
ability students was significantly higher than that of low visual ability students in the
experimental and control group. In other words, it was noticed that students' interest
in a technological tool and perception of it as useful are related to their academic
performance.

This result shows that GeoGebra is not only a visualization tool, but also a tool
that increases student motivation, engagement in classes, and understanding of
mathematical concepts. Dynamic mapping of geometric objects using GeoGebra
during the lesson may have helped students develop spatial thinking and better
understand abstract concepts than usual. As a result, students who received positive
feedback about GeoGebra performed better on post-test assignments.

In addition, the strong correlation also confirms that students' emotional and
motivational factors are related to academic performance. When students perceive
GeoGebra as an interesting and understandable tool, their interest in lessons can
increase and they can participate more actively in the learning process. This, in turn,
affects the improvement of learning outcomes.

The mentioned result is also consistent with previous studies. Many studies
have shown that using GeoGebra improves students' mathematical understanding,
learning motivation, and problem-solving skills. The results of this study also prove
that GeoGebra can be an effective pedagogical tool in teaching geometry.

Overall, the results of the correlation analysis showed that there is a significant

association between positive attitudes towards GeoGebra and high academic
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achievement. This further proves the effectiveness of using GeoGebra in school
mathematics education.

The survey results also support quantitative data. The vast majority of students
positively assessed the GeoGebra program, noting that it facilitates the understanding
of geometric concepts, increases interest in lessons and makes the learning process
more effective. This shows that the program has a positive effect not only on
academic performance, but also on student motivation, engagement, self-confidence.

In general, the results obtained prove that the GeoGebra program is effective
compared to traditional teaching methods and that its application in geometry lessons
can improve student academic performance. The digital environment motivates
students in the teaching and learning of Mathematics (Korenova, 2012). It means that
using geogebra as an auxiliary tool along with the traditional method gives a better
effect than without it.

In conclusion, this study was aimed at evaluating the effectiveness of using the
GeoGebra program in teaching geometry. The results of the study showed that the
students of the experimental group, which used GeoGebra, received significantly
higher results compared to the control group.

The results of the pre-tests showed that the groups had the same initial levels
and the results of the post-tests proved that the GeoGebra program plays a
significantly better role in improving academic performance. More specifically, the
experimental group's students found the use of GeoGebra intriguing. Also, the
questionnaire results complement the quantitative findings of the study by providing
evidence that students’ perceptions were generally positive, though not uniformly
strong. This supports the interpretation that the instructional approach had a
meaningful, yet varied, impact on learners. In addition, the gender factor was found to
have no effect on the results, indicating that the program is equally effective for all
students.

The answers to the experimental research questions were obtained through

analysis in the results section. For the first research question , the t-test was used, the
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hypothesis was determined, and the p-value was checked. As a result, in the
experiment, a significant diference in the average post-test score between the
experimental and traditional groups was found, and the alternate hypothesis was
accepted, implying that GeoGebra-based instruction had a positive efect on the
geometric understanding.

Thus, using the GeoGebra program in geometry lessons can improve students'
academic performance, facilitate their understanding of complex concepts, and
increase their interest in the learning process. These results highlight the importance

of integrating GeoGebra into the educational process.
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6. LIMITATIONS

This study has certain limitations. Firstly, the number of students participating
in the study was relatively small, which could limit the possibility of generalizing the
results. Secondly, the study was conducted within a single school, so direct
application of the results to other schools and different educational contexts may be
limited. Thirdly, the GeoGebra program was used only by the teacher as a
demonstration tool, the possibility of students working independently with the
program was not considered. The reasons were noticed in the part of “Implementation
of the experiment: lesson procedure”. This may lead to the fact that the full potential
of the program will not be realized. Also, in this study, classes were not chosen
randomly. We did not have 11-th grade students because the school did not approve it.
It means school approved only 10-th grade. So, we were forced to conduct the
experiment only among 10-th grade students.

In addition, the study was conducted over a short period of time (6 weeks), so
long-term effects were not considered. In future studies, it is important to study the
long-term eftects.

Implications. The results of the study provide important recommendations for
educational practice. First, using interactive digital tools such as GeoGebra in
geometry lessons is an effective way to improve student academic performance.
Second, teachers are encouraged to use GeoGebra as a visualization tool during the
lesson, as it allows them to present abstract concepts clearly and clearly. Also,
educational institutions should provide for the inclusion of the GeoGebra program in
the curriculum and conduct special teacher training on the application of this
program.

In addition, future research suggests exploring the impact of students'
independent use of GeoGebra, as well as the potential for use in various disciplines

and levels.
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LIST OF APPENDICES

APPENDIX A. Pre-test & Post-test

(Remember)

1.

BekropbiH MoaymiHiH (Y3bIHABIFBIHBIH) (OPMYIIACHL:
A) lal=\N(x + y + 2)

B) lal=x" +y" +7°
O) lal=N(x* + v + 2)
D) lal=x +y +z

. BekropnapapiH ckansip KeOeHTIHAICIHIH (HOPMYIIachl:

A) a-blex2 tyy,tzz
B) a'b=x1 ty tz,
Cab=xy +xy,
D)a~b=xlylz1 tXx,y,2,

. BekropnapnbeiH apacbiHaarsl Oypsiin (OpMyIIachl:

A) coso=|a|+|b|+|ab|

t1b]
) |lal*[b]

C) cosa= |a|+|b|

D) cosa= |a6;*fb|

BexTopmapasiH nepneHanKyIspibIK MapThl:
A)a-b=1

B) a-b=-1

C)a b=0

D) a=b

. BexropiiappIH KOJUIMHEAPIIBIK MIAPTHI:

A)xl+xZ=yl+yZ=21+z2

1 yl 1
B) ==+
2
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C)x1=y1=zl; L= T4
D) XX =YY, T 4%
6. Erep Hemnnix emec Bektopiap Oip Ty3ymiH OOibIH/Ia HEMeCe Mmapajiielib
TY3yJep/IiH OOMBIHIA JKaTca, OH/IA OJIap KaHJal BEKTOp?
A) Ilepnienaukymnsip BeKTOpIap
B) Ten BexTopiap
C) Konnuueap BexkTopiap
D) Bipnik BekTopiap

(Understand)

7. Erep exi BekTopabIH ckansap kebenTinaici 0 6onca, oHa ojap NepreHIuKyIsp.

A) Hypsic
B) ypsic emec

8. Erep BekTop koopauHaranapsl Oipzeit Oosica, OHAA oap TEH BEKTOpIap.

A) Hypsic
B) Hdypsic emec

9. EKI1 BEKTOpJBIH NMEPIEHAUKYIISAP 00Tyl HEH1 OuTaipei?
A) Bekropinap napasienb
B) Bekropnap 6ipneit
C) BekropnapasiH apacbiHaarsl Oypsiin 90
D) BekropnapaslH Y3bIHIBIFBI O1pci

10. Here exi mepneHANKYIISP BEKTOPABIH CKaIsAp KooeuTinmici 0 6omaapi?
A) OifTKeH1 onapbIH KOOpAUHATaIapbl TEH
B) OliTkeHi onapabiH Y3bIHABIKTapHI O1paei
C) Oiitkeni a-b=|a| |b|cos90
D) Oiitkeni onap napasienb

(Apply & Analyze)
11. TeGenepi A(-2; 8), B(6; 2), C(2; —6) 6omnareia ymoypsimthig AE MennanachiHbIH
V3BIHBIFBIH TAOBIHBI3.

12. a= 21—5j »xone b = —31 1 BekTOpiapkl OepiireH, onsa a +b BEeKTOPbIHBIH
Y3BIHJIBIFBI HeTe TeH 0omaabl?
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13. a(4;-1;2}, b{- 3;1;0) Bekropnapsl GepisireH. 2a -b BEKTOPBIHBIH KOOPIUHATACHIH
TaOBIHBI3.

14. A(—3;2;-1), B(2;—1;-3), C(1; —4;3), D(—1;2;-2) HyKTenepiHiH KOOpAUHATAJIAPbI
oepuireH. |2AB + 3CD| TaGbIHBI3

15. ABC DA1B1C 1D1 napasuienenuneainge AD + D1C .t BB1 BEKTOPJIAPBIHBIH

KOCBIHIBICHI TEH 0O0JIaJIbI;

16. 2 {5;-2; 3), b{2;-3; 1} xoHe c=a - 2b BeKTOpJIapbl OCPUITECH. a )KOHE C
BEKTOPJIAPBIHBIH apachIHIAFbl OYPHIIITH TAOBIHBI3.

17. ABCD napamnenorpamsiabiy, A(3:—4; 7), B(—5; 3;-2) xxone C(I1; 2;— 3) Tebenepi
6oinca, onna D TebeciHiH KOOpAMHATATAPBIHBIH KOCBIHBICHI TEH:

18. MABC/I nypsic TepTOypbIThl TUpamMuaansiH MO Ouikriri 8—re, an Oyiip
KbIpbl 16-Fa TeH MO*MC ckansip kKoOeHTIH/IICIH TaOBIHBI3:

19. ABCAlB 1C | TPH3Ma/ia KOMILIaHap Y1 BEKTOPIbI KOPCETIHJIEP.

!

Bl

‘e

20. SABCDEF nypbic anThIOYpHIIITH TUpaMuia TaAOaHBIHBIH KaObIpFanapsl 1-re, an
Oyiip KeIpaapsl 2-re¢ TeH. SA xoHe SD BeKTOpJIap/bIH CKajsip KOOEHTIHIICIH
TaOBIHIAD
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APPENDIX B. Questionnaire

Cypaxk

Tonwik
KeJriceMiH

Kenicemin

Belitapan

Kenicreiimin

Mynnem
KeJlicIenMin

GeoGebra reoMeTpUsIIBIK
YFBIMJIAP/IbI AaHBIK TYCIHYTE
KOMEKTECTI

GeoGebra-nmarsl
BH3YaJIU3alUsIap OKY/IbI
KBI3BIKTBIPAK €TTI

GeoGebra MmareMaTuKaHbl
OKyFa JICTCH
MOTHBAIASM/IBI APTTHIPIBI

Cabak OapbICBIH]IA
GeoGebra-HbI TYyCiHY
MaraH KABIH OOJIIbI

GeoGebra reoMeTpHsIIBIK
ecenTepl WbFapy
Ke31HAer1 KOOaKybIMIbl/
Ma3achI3bIFbIMIbI A3aUTTHI

GeoGebra kongany
cabakTarnl OeJICeHIUIIrIMIl
apTTHIPIBI

MeHn GeoGebra-ra
KaparaHJia JOCTYPJIl OKbITY
oJIICTEpIH Kajap eliM

GeoGebra helped me
visualize geometric figures
better

GeoGebra kongaupUIFal
cabakrapma e3imi
CEeHIMJIIPEK Ce31H/IIM

10

bonamak maremaruka
cabakrapsiaia GeoGebra
KOJIJJaHbUIFaHBIH
KaJIaUMBIH
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APPENDIX C. Consent Form

BEPTTEYI'E KATBICYT A KEJICIM ®OPMACBHI
(INFORMED CONSENT FORM)

3eprrey TakplpbiObl: GeoGebra GargapinaMachIHBIH TE€OMETPUSHBI OKBITYIAFbI )KOFaphl CHIHBII
OKYIIBUIAPBIHBIH aKaJIeMISUIBIK YIrepimMiHe acepi

3eprreymri: Aoayonuena Fazuza, SDU University, School of Education & Humanities, Masters’
Degree

Frutbimu xxerexuri: Nuri Balta
3epTTeyniH MaKcaThl:

byn 3eprreynin makcatsl — GeoGebra mudpiblk KypaiblH KOJJAHYABIH TEOMETPHS MTOHIH OKBITY
OapBICHIH/IA KOFAPhI CHIHBIN OKYIIBUIAPBIHBIH aKaJIeMHUSUIBIK YITEpIMiHE 9CEPiH aHBIKTAy. 3epTTEY
GeoGebra OarmapiaMachIHbIH OKYIIIBUTAPIBIH T€OMETPHSUIBIK YFBIMIAPIbI TYCIHY1HE, €Cell IIbIFapy
JaFIpLIaphIHA JKOHE JKaJIBl OKY JKETICTIKTEpiHE Kallail ocep eTeTiHIH Tanfayra OarbITTaIFaH.

Karpicy maprrapsbi:

Bbyn 3eprreyre “125 high school” mexTebiHIH *KOFapbl CHIHBIN OKYIIbUIAPbl KaThICAIbI.
Karpicymbutap reomeTpusi cabarbiHa KaTHICHII, 3epTTEy OaphICHIHIA aJJIBIH aia TecT (pre-test) skoHe
COHFBI TeCT (post-test) Tanceipaapl. GeoGebra Konmanran Kareicymbuiap GeoGebra
OargapiaMachIH KOJIaHy TOKipuOeci Typaibl KbICKa cayallHaMara xayar Oepei.

3eprTey mep3imi:
KayinTep men naiigacol:

By 3eprTeyre KaTbiIcyMeH OailaHbICThI eIIKaHAal Kayil koK. OKyIIblIapAbiH KYHAETIKTI OKY
MIPOILIECIH/IE SIIKAH Al TaKbIPHINITaH/MaTepUAIIIAH KATy CEKLIII e3repic 6ommaiiel. OKybuiap
reoMeTpus cabarbIH JOCTYPIIl 9aicTep apKbuThl xKoHe Geo(Gebra GarmapiamMachiH KOJIAaHY apKbUTbI
OKHJIBI. 3epTTey HOTHKEJIePi TEXHOJIOTUSHBI KOJIAHY TeOMETPHUSUTBIK YFBIMIAP/IBI TYCIHYTE
KaHIITAJIBIKTH KOMEKTECETIHIH aHbIKTayFa MYMKIHJIIK Oeperi.

KynusiibuibIK KoHe aHOHMMAIIK:

Karsicymbuiapapiy jkeke MoIMETTep1 TOJBIK KYIHs cakTanabl. KarblcybutapabIH aThl-)KeHi
3epTTey KYKaTTaphIH/Ia KOPCETIIMEH Ii. OpOip KaThICYIIbIFa apHAKBI KOJ HOMIpi Oepiiei.
Kunanran 6apibIK IepeKTep TEK FhUIBIMU MaKcaTTa MaiajaHbUIa bl )KOHE KUHAJFAH IEPEKTEP
3epTTEYIIIHIH KYNHUICO30eH KOPFaJFaH KOMIBIOTEPIH/IE CaKTaIa Ibl. 3ePTTeYy HOTHXKEIIEePl TEK
JKaNTbUIaHFaH TYPJE JKapHsIaHa bl

KarbicymbuiapibiH KYKbIKTapbl:

1. 3epTTeyre KaThiCyaH Ke3 KeJIreH yaKbITTa 0ac TapTyFa KYKBIFBI Oap.
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2. Kes3 kenreH cypakka sxayarn OepyJieH 0ac TapTyFa KYKbIFbI Oap.
3. 3epTTey Typaibl KOChIMILIA aKIapar cypayFa KYKbIFbI Oap.

4. 3epTTey HOTHXKENEepl Typajbl aKmapar ajdyFa KYKbIFbI 0ap.

Men - HbIH aTta aHacbl/ KaMKOpPIIBICKEI, JKOFapblga
9 3

OepiJireH aKnapaTreH TAaHBICTBIM KOHE 3epPTTEyre KaThICYbIHA KelliCeMiH.

Kosbr: Kyni:

3eprreymri: Aoayonuena Fazuza
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APPENDIX D. Certificate of Ethics Approval

x|>u UNIVIRSITY™ mekemoci $)

3 Karakcran PecnyOait S
SDUJ

GNIVERSITY

e Col, AGBIAGL Xanl
WWW, o Lanail infoda
Teasrr 127 307 95 00, 7 727 507 95 0

£
Tol: +F 126 307 Q5 o0, «F €20 307 95 65

3epmmey ymurace! Komunemi Research Ethics Committee

Dear Gaziza Abdualiyeva,

The Research Ethics Committee has reviewed “The effect of geogebra on academic performance
of high school students in geometry learning” and has granted ethical approval based on the
information provided in the application, and on the condition that the study is conducted in
accordance with ethical standards and institutional guidelines.

Approval No. 11-12-07

Project title The effect of geogebra on academic performance of high school

students in geometry learning

Approval date 07 April 2026

Expiry date 06 April 2028

Decision Approved

any changes to the study, S0 thdt any |mpI|caL10ns for ethics apploval can bc consudcred Plcasc

quote the application number in all correspondence.

Chairwoman of the Research Ethics Committee

Secretary Lﬁ’/ 4

— K. Smakova

A. Kaukenova
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APPENDIX E. Short-term lesson plan

CabaKThIH TAKBIPBIObI: BekTopaapabIy cKalsgp KoOeHTiHmiC]

BIHA COUKEC
OKYy MaKcaThl

BeoJim: KenicTikTeri TiIKOYpbIIITHI KOOPAHMHATAJAP KYiieci sKoHe BeKTopJIap

Ilemarorriyg

aTBI-)KOHI:

Kyni:

CoiaplObl: 10 | KaTeicymisniap caHsr: Karbslcnarangap caHbl:
CabaxkTbIH BexropmapasiH ckansp keOeHTiHIiC

TAKbIPHIObI:

Oky 10.4.4 - KCHICTIKTErl BEKTOPIAPIBIH CKalsp KOOSHTIHIICIHIH aHBIKTAMachl MCH
OarmapmaMac | KacuerTepiH Oiy;

10.4.16 - KoOpAMHATANIBIK TYPACTI BEKTOPIAPbIH CKaJIsAp KOOSHTIHaICI (hopMyNachiH 0Ly
JKOHE OHBI €CeNTep IIbIFapyaa KoNIaHy;

CabaKThIH binim amymisiap KeHICTIKTeTi BEKTOPIAPIBIH CKAISIp KOOEHTIHIICIHIH aHBIKTaMachl MEH
MaKcaThl: KacHUeTTepiH Oiei.
Binim anmymbuiap KoOpauHATaIBIK TYPAETi BEKTOPIAPIBIH CKalsip KoOenTiHaic
(hopMmynackH Oinesi xoHe OHBI €CeNTep MIbIFapyAa KOJIaHa b,
Bbimim anymsuiap KEHICTIKTET €Ki BEKTOPABIH apachIHIarsl OYPBIIITHI €CENTEN/I.
Kynabuibik | EHOeKKOPIBIK sKoHe KIciOu OLmikTiTiK
Tap: EnOexTi, ©31HiH )KoHEe OacKalapablH €HOCK HOTHXKENIepiH Oaranay;
EnOexTi, MaMaHABIKTAPAbI MPAKTUKAIBIK TYPFbIJIA 36PTTEYTe KbI3BIFYIIBLUTBIK
TaHBITY;
Kacibu e3iH-631 KeTinuipy YIIiH eHOeK KbI3METiHIH JaFAbUIaphl )KHHAKTAY,
E€HOCKCYHTIITIK, eHOCKKe OayiTy, TAOBICTHI €HOCKTIH MaHbI3IbIIBIFBIH TYCIHY;
VYakpITTBI THIMII )KOCTIapIiail 01Ty JKOHE Ke3-KENTeH 1C-OpEeKETTIH HOTHKENIepiHe
KOJI JKETKI3y JKOHE JKaKcapTy YIIiH KYII caiay
CabaKThIH 0apbIChI:
Ca [MenarorTix ic-opekeTi OKyIIBIHBIH 1C-9pPEKeTi Baranay Pecypct
Oa ap
K
Ke3
eHi
/Ya
KBI
TBI
Ca | (¥). YiibimaacTpipy Ke3eHi: | 1.OKymbuiap MyFralliM- MeH Oxymbutapasl | OKynbIK
0a | 1.0OxympulapMeH aMaHzacy, | aMaHIacabl. H OeJICeHIUTIT] ,
KT | TYTeHACY. 2. Cabakka manbIHAAIaab]. YILiH KYMBIC
bIH | 2.bIHTBIMAKTaCTHIK Cypakrapra xayar oepei: «Kapaiicoiy!» | monrepi
Oac | armocdepaceH 1)Cxaunsap xkeOe#TiHiCI Kamai , nerer cakray | Kiram,
Bl | KaJbIITAaCTHIPY oenrinenemi? co37IepiMEH TIOTITED,
Kor 2)Ckaiisap KBajpar AereHimi3 He? Oarasapl. KaJaMm
361 | 1.Myranim okymbuiapasl | 3)Ckansip  KeOeHTIHIICIH — TaOyabIH tenedo
Fy | TyreHmeiimi. YKOJIIaphl KaHman? H
m | 2.Amanmacanbt JKOHE
BUI | TUIEKTEPiH OLIIIpe.
BIK
THI
0ST
y.
Sm
HH.
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7K | Exi BEKTOpABIH CKaISP OKy1buIap CKaIApIbIK KOOSHTIHIHIH Capaugay: byn | Oxynbik
aH | xeOelTiHmici KacHEeTTepIMEH TaHBICAIbI; Ka3bIIT Kepae ,

a a-b=lal - |b| anajpl. KYMBIC
ca Cos @, a-b = asbx + ayby + asbs. JAeckpunrop: ASMTEPI
63 — — k:l\'a:mp:luk robeliTinai kacuerTepi 1 8p OKYUIH KlTaH,
KK [ mynnarb! ¢ - a xone b 1. opumayscTMpMMILIME; G- b = b - G, 23 OMBIMCH AQTep,

- = - = icemi. M

4 | BeKTOpIApPBI APACBIHAAFBI | 2. tepiaizi (4a). b = A(a - b). OTICCAL. Kana
Kip Lo- L 2. O3reHiH CcypeTTe
jen 6¥pBH_H. 3. yaectipimainik:a - (b +c¢c)=a-b+a-c. HlKlle pl

GeoGebra 6armapiamMacsl .

e ADKLUIL MBICATIA TOJIBIKTBIPAJbL. | OciiHen

10 PKBUIBT MBICAJIZIAD Kannel- 2 C€HI'€H
KepceTiieni.

MH oasI. KHMa

H

Ca 11. TarnceipMaHBbI Memnyi: TakpIpbIIKa HAK

0a OpBIHJATA[IbI, AnnpIMeH OYIT €Ki BEKTOPABIH OaliIaHbICTHI 3KpaHbl
KT 0aKbLIAM/IBI, MBICAT, | CKAIAPIBIK KOOSHTIHICIH TabaMBbI3 WHTEPHET JK
BIH YATi KepceTeni - - Ke3IepiH JKpaHbI
opr | — - a b=5 (=D+2 -3+ 3= | pajinananem | 10-cem
ac |a=1{52,-1},b={-1;3; S5+6-3=-2 Oemim weiFapy | bl
o | 3}- Exi BexTOop MyHIa a - b=-27#0, GonraHNbIKTaH CKi | MymenepiMeH | OKyJIbIF
35 | HCPICHOAUKYIIAD ma? BCKTOP NECPICHOUKYIIAP €MEC. TaHBICAJIBI. BL.
vu | GeoGebra Garnapiamace ApachiHIarsl OYPBIII MEPIEHANKYIISP HKymbIc
H. | APKBUIBI CBI3BII Kepeni xxaoHe | Gosnca 0-re TeH 0oy Kepek JonTEp

MIeTIMHIH TYPbICTHIFbIH nepi.
AHBIKTAY YIIIH Crait,
JONTEPre/TaKTara IIbIFapabl Tenedo
H
2-tarnceipMa Heckpunrtop | AK
; ; - - 21 s Bini SKpaHbI
Bepinzeni laj=3, |b| =4, ¢= ?' Lm 101_)CHH
anyuisl
. - N - - -eKi BEKTOp bIII
Ecemrenisz: (3a — 2b) - (a + 2b). apachIars! OKYJIBIF
IlTeutyi: Oypbim bL.
(hopmynaceiH Kymsbic
- 2 - — —a -3 —a KOJIJJaHAaIbI;
(3a—2b)-(a+ 2b) =3a +4ab—-4b = ~BeKTOpIap/IblH HQHTGP
-2 . - =2 CKaJIsp JIep1.
=3|al +4|al-|blcose—4|b] =27 —24—-64 = -61. KeOeHTiHALepiH Craiin,.
Tabagsl
ApacbIHAarsl
OYPLITE Ta0a bl
3-mancoipma B HK
ABCDA B C,D, Gipnik kyObiHa Keleci BeKTOPIAPIBIH  CKATAD Ke- SKpaHbl
Geiirincticin Tabbitap (204 -cvper ) a) AC wawe BD,:a) AB mome IlecKp]/I]ITop: 10-cpIH
B} ) AB BG,
D, e A 0 AB, ane 86 1.Bekropnapa | s
i BIH CKaJIsIp OKYITBIF
E [ o . ..
iy T B, KOOEHUTIHTICIH | BI.
: Tabamuml. JKymeic
1
:, I - I'eore6para JonTep
¢ | ChI3aJIbL. nepi.
A _J 2.2KayaObra Cratin,.
20.4-cvper v
AHBIKTANBL. tenedo
Kannsl - 4 H
oaJjLI.
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4- TaniceIpMaHBbl i | neckpunrop: | AK
OpBIHJIATAIBI, OAKBLITAN/TBI, Sy a) AB #ame CCy: 2) AB #ame B, 1.Ecen SKpaHbI
MBICaJI, anl KGpCCTeZ[I SABCD A¥peIC T\‘I‘i\_)\.'}\}-.'EIITM MIPAMILIAHBIH l‘JP'ﬂ-IK KBIPIAPH lre Ma3M¥HI)IH IO'CBIH
fe (20.6-cyper).  Keleci BEKTOPTIApISIH  CKATAD KeGeilTILUCIH  Ta- . .
Sy a) AB weme SC:2) SB mame SD TYCIHCAL. bIIT
CARMNEE  mmits aTrisAtnimmeme] | mMmasmesa  TAAGHIIE  taareem Feore6paf‘a OKy_]]BIF
CBhI3a bl 138
S 2. Cxansp Kymbic
KOOCUTIHAICIH | momTep
Tabasbl. nepi.
c 3.2KayaOp1a Cratin.
P 5 AHBIKTANIbI. tenedo
20.6-cyper )Kaﬂﬂ]:l - 3 H
oajn
5- TanceIpMaHbl s = NS T €CKPHUIITOP: K
P 6 o 2-mpicad. ABCDA (B C\D, SipmiK KyOBHIA JIIE P . P 'Z[
OpbIHIATa/bl, OaKbLIAUIbI, (20.3 -cypetr )} AC :kane BD; BextopnapriHbiH -LCCITIH 9KpaHbI
D, ¢ |emamap  xebeiini maicin raGnusap. Ma3MyYHBIH 10-ceIH
1 . .
N TYCiHEe]; BITT
A Y B 6
i ! I'eorebpara OKYJIBIF
y % ChI3aIbI BI.
l‘J'_ e ol o C
P 2.Cxansapneik | XKymsic
A il 3 B o . ..
P KOOCUTIHAICIH | mamTep
MBICAJI, YJITi KOpCeTe/Ii. TabapL. Jaept.
Kannpi-3 Cnainn.
oaJwI. tenedo
H
Ca | «bigiM momrracen» Jfici. Oxyubutap OYyTiHri cabaKThIH OKYUILLIAPObIH
0a | MyraniMm cabaKThI MaKcaTbIHa JKEeTKi3eTiH TalceIpManiap cabakka JAK
KT | OKYIIBUIAPABIH MiKIpiH OpBIHJIAybIHA Kapaii, ©3 TYCIHICHIH, Kamuwicy JKpaHbI
BIH | aHBIKTaiabl. JKuHaKTaIran MiKipiH, ©3 OWBIH aliTy apKbUIbI cabaKka | Oercendiniei 10cBIHBI
CO | mepeKTepAiH KYHABI OONYBIH | KOPBITHIH/IBI KACANTBI. bouiblHUa I
HbI | Kajgaraiaisl. JicoHe cabak OKYJIBIF
Oi1 | Capanay: byn xe3enne Xar TONTHIPBIT, O11IM MOIITaCkIHA Kezeyoepinoe | bl
TON | capanaynbiH «Kopsimubinosl) | cananuel JICUHASAH Kympic
FaH | TOCLTi KepiHes. r gy I banndapuiteil | naUTEp
pic. | Yiire Tanceipma: \ P acannvl ecebi | nepi.
Pe | Neecem. \ & = \ eckepinin 1-10 | Cnaiin.
MeHiH ofbiMLLa,... \ 6 0
(1).]'[ ‘ Cebe6i.... aLnoblK
eKC \ Mbicansi,... \ WKANAMeH
us KopeiTa aifTkanga,... basananaobi.
S ACASFPOS T
SMm " TV
HH. Binim
TIOIIITac
BI,
xXaTTap
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APPENDIX F. Long-term plan

4 ToKcaH 8 carar

Kenicrikreri 10.4.5 - KeHICTIKTET1 BEKTOP/IBIH 03.04 | 03.04
KenicTikTe | BEeKTOpABIH KOOPJMHATAJIAPBIH HKIHE
ri KOOpAMHATaIaphI Y3BIH/IBIFBIH Ta0a Oiny;
TiKOYpbIII
ThI
KOOPIMHAT
ajap
Kyheci
JKIHe
BEKTOpJIap
Bexropnapasig 10.4.6 - KEHICTIKTET1 KOJIJTMHEap 10.04 | 10.04
KOJUTMHEAPJIBIFbI YKOHE KOMIUIaHAp BEKTOPIIApIbIH
KOHE aHBIKTaMallapblH, BEKTOPJIAP/IbIH
KOMITJIAHAPJIIBIFBI KOJUTMHEAPJIBIK IIIAPTHIH OLTY;
BexTopnapsl 10.4.7 - BekTOpIapAbl KOCY XkKoHE 17.04 | 17.04
KOCY, BEKTOPIbI a3alTyJIbl, BEKTOPJIBI CaHFa
caHFa KeOeuTy KOOCUTY1 OpBIHAY;
Bekropnapabiy 10.4.8 - KoOpIMHATAJIBIK TYPAETI 24.04 | 24.04
CKaJIsIp BEKTOPJIAPABIH CKAJISIP
KOOEHTIH/IICI. KeOeHTIHIICI (hopMyIIachiH 01Ty
JKOHE OHBI €CeTTep MIbIFapyaa
KOJIIaHYy,
Bexropnapasig 10.4.8 - xoOpIuHATAIBIK TYpPJETi 08.05 | 08.05
CKaJsIp BEKTOPJIapAbIH CKaJSIp
KOOCUTIHIICI KeOeUTIHICI hopMyITackH 01Ty
BBKb Ne§ ’KOHE OHBI €CENTEep IIbIFapy/aa
KOJLIaHY;
TokcaH 00HBIHIIA ;KUBIHTBIK OaFaJiay 15.05 | 15.05
Bexkropnapaeig 10.4.8 - xoopauHaTaIBIK TYpJETi 22.05 | 22.05
CKaJsIp BEKTOPIAPABIH CKAJISIP
KoOEHTIHIICI KeOeHuTIHAICI (hopMyIIackiH 01Ty

JKOHC OHBI €CCUTCP HIbIFapylda

KOJIIaHY:
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