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TEACHING AND LEARNING MATHEMATICS BASED
ON GEOGEBRA USAGE

Magdalena Petkova, PhD student

Angel Kantchev University of Ruse

Abstract: The paper presents conditions and results of studies which determine the necessity of using
computer technology, particularly GEOGEBRA in teaching and learning of mathematics. The results of a pilot
study are presented concerning the attitudes of teachers in mathematics from Ruse for deeping learning of
GEOGEBRA and its future application in teaching and learning processes. The study includes the training of
16 teachers in mathematics from different schools.

Keywords: GEOGEBRA, teacher education, mathematics.

INTRODUCTION

The development of the technological postindustrial societies in countries like USA,
Japan, Korea, Iceland and others, creates the need of skills for learning throughout the
entire life, based on knowledge and skills in using computer and information technologies.

The preparation of teachers in mathematics, which is to be in compliance with the
modern need of the public, demands the development of skills for appropriate usage of
modern day technologies in the study of mathematics. Influenced by companies like
CASIO, who develop educational software, researchers in the field of teaching and
learning mathematics, math teachers in schools and lecturers at universities pointed their
attention to the usage of:

» Numerical and graphical calculators;

» Computer Algebra Systems (CAS), aimed at simulations with symbolical
expressions like Derive, Maple, Matematica;

» Dynamical Geometry Software (DGS), based on the relations between
geometrical objects like Cabri and Sketchpad.

In the process of using them the two formats CAS and DGS are being perfected and
turned into comfortable products, which are easily used to solve a variety of mathematical
problems — the forms of CAS contain possibilities for visualizing mathematical objects and
ratios and DGS contain elements of algebra representation.

The software GEOGEBRA [3] combines many of the possibilities of the two formats
CAS and DGS, for instance the equations and coordinates of points can be entered
directly, graphically with the mouse or algebraically through the entering of algebraic
values. Analogically the functions can be defined algebraically and then altered
dynamically by changing the graphic.

The training of teachers in Bulgaria in using GEOGEBRA in teaching mathematics
corresponds with the public educational goals.

THE BENEFITS OF USING CAS & DGS
Research in the usage of CAS & DGS as tools in teaching mathematics shows them
as a base for developing theoretical models aiming the usage of technologies in the study
of mathematics. For instance, the K. Ruthven model is created on the basis of a study on
the application of CAS systems in teaching mathematics [11]. The research confirms the
usage of technologies in the learning process:
» Increasing sufficiently the effectiveness of content performance;
»  Helps the creation of good learning conditions for students in the classrooms.
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Another research of K.Ruthven [12] on the role of digital technologies and resources
in the improvement of processes of testing skills concluded that these technologies help
to:

> Increase the speed and efficiency in presenting the academic material;

» Make the presentation more diverse and interesting;

» Provide conditions for changing the way of learning — introduction of elements
of games, fun and excitement;

» Motivate and stimulate the students to learn.

The research of A.Carle, D. Jaffee and D.Miller shows that the usage of computer
based technologies increases the motivation of the students for achieving higher goals [1].

The number of studies aimed at the usage of DGS in the learning process of
mathematics is increasing. Jahn, A. & J. Salazar study the possibilities of exploring three-
dimensional geometry using a dynamic geometry environment [4]. S.Soury-Lavergne
studies the deductive reasoning, based on dynamic geometry using of CABRI 3D [13].

The researcher V. Kokol-Volich determines the possibilities of GEOGEBRA for the
early development of geometrical concepts [6].

The project of P. Kenderov ,Innovation in Studying Mathematics on an European
Level® [17] is aimed at forming basic knowledge in the usage of information technologies in
the study of mathematics.

The rapid spread and development of GEOGEBRA verifies its efficiency in the
teaching of mathematics [15].

On one hand it's important the teachers and the pupils to develop themselves as
users of CAS & DGS technologies, with which they can create new knowledge, solve
tasks, simulate processes, prove hypotheses, explore objects, develop models. On the
other hand, the students must also use CAS & DGS technologies in the right time, in the
right conditions for the correct learning and disciplinary objectives.

GEOGEBRA USAGE IN TEACHING AND LEARNING MATHEMATICS

GEOGEBRA was designed by M. Hohenwarter at the University of Salzburg, Austria
[3]. It connects the basic principles of mathematics study and those of usage of computer
technologies in the education process. GEOGEBRA uses dynamic geometry, algebra and
elements of mathematics analysis. With it an user can create:

» constructions of points, vectors, circle segments, segments, etc.;

» functions which later can be dynamically changed by the usage of a mouse.

The most important characteristics of GEOGEBRA is its ability for a dual presentation
of objects: every string in the algebraic window output has its correspondent value in the
geometrical one and vice versa.

GEOGEBRA is mathematical software and its features can be studied in the process
of learning mathematics.

GEOGEBRA is freeware software, it does not require licensing, and this is one of the
main reasons for its fast spreading and usage across schools and universities.

Many people believe that GEOGEBRA can be a motivating factor in the process of
teaching mathematics and a useful tool for students throughout their education.

GEOGEBRA is suitable to be used for:

» research activity, where it is used on the basis of combining facts,
experimenting with certain combinations, results analysis and hypothesis
suggesting, creating models, confirming or withdrawing a hypothesis;

» simulations which aim to analyze possible solutions and many other..

The main purposes of the "Fibonacci - Disseminating Inquiry-Based Science and
Mathematics Education in Europe" [16] project are the following ones:
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» to vastly include the research method that is based on the usage of CAS&DGS
and in particular on GEOGEBRA in the process of teaching mathematics and
natural science;

» to help the creation and development of centers for qualification and pre-
qualification for currently practicing teachers so that they start using the
research method in teaching mathematics and natural sciences;

» to create materials and manuals for GEOGEBRA usage in the process of
teaching mathematics.

Publications and studies that study different software products, including
GEOGEBRA, can also be found on the European Virtual Library of Mathematics (EVLM)
[14]. EVLM is a database of theoretical study materials, relevant case studies and
information on software products, which help gaining knowledge and abilities to implement
it in both the processes of teaching and studying mathematics.

Gaining knowledge to work with GEOGEBRA when teaching is a necessary step in
the development of the professional qualification of teachers in mathematics.

EXAMPLE OF CURRICULUM CONTENT FOR LEARNING GEOGEBRA

After an analysis on the usage of CAS & DGS as a mean for rising the efficiency of
the learning process and the need to enrich the standard methods of mathematics
teaching, a National Programme for Development of School Education and Preschool
Education since 2006 to 2015 was created [9]. The aforementioned Programme is
designed to encourage the integration of ITC technologies in education systems.

The main benefits of the Programme are connected with:

» enlargement and enrichment of the sphere of study by means of interactive
methods and strategies for teaching and studying;

» improvement of the existing static forms of study materials and creation of
dynamic (multimedia) materials, which integrate image, sound, animation and
text;

» usage of electronic and multimedia study materials through education process.

The integration of educational mathematics software is set towards the development
of abilities for effective knowledge management but not towards providing knowledge of
the technology itself.

The expectations are set towards a positive change in both teachers and students’
attitudes to the usage of ITC technologies in the process of mathematics teaching and
studying and towards the development of students’ abilities to create and work
independently in an integrated approach towards the educational process.

The process of every study material unit development (lesson, problem, solution,
analysis etc.) based on GEOGEBRA integration in mathematics teaching is connected
with:

» an analysis of the basics of the national standards for curriculum in
mathematics;

» determining the areas and subjects which allow integration of new knowledge

and skills;

determination and argumentation of deductive work technologies and the
active methods of education;

determining the routine and the creative cognitive activities of students;
determining the tasks to be individually or cooperatively performed by the
persons who studies and their teachers;

others.

vV VV V
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On the basis of the aforementioned the need of qualification and pre-qualification of
teachers and lecturers which is aimed at updating their knowledge arises [9].

There are four main stages of gaining knowledge and skills to use and integrate
GEOGEBRA in mathematics teaching. Those four stages are:

» First stage: Forming interest in the software by presenting its characteristics
(main menus, submenus, tools) and mathematical problems, which require
simplified geometrical drawings and constructions. A short manual is written to
explain and instruct on this stage.

» Second stage: Teaching how the basic commands to be used through the
development of samples added to the main education content Beginners
manual creation, which contains all commands along with relevant examples,
GEOGEBRA, drawing short sample math problems with the participation of the
students.

» Third stage: Students’ working independently on creating study materials by
using GEOGEBRA. Results presentation in front of a suitable and relevant
audience. Website’s creation containing study materials and manuals and
guides for advanced learners.

» Forth stage: Teaching based on methods for teaching and learning
mathematics by using GEOGEBRA. Knowledge showing and testing in a real
study process and results evaluation by experts from the GEOGEBRA
Institute, Ruse, Bulgaria.

As a summary, studying GEOGEBRA by students in mathematics requires forming
and developing knowledge for creating and using study resources in the educational
process.

PILOT STUDY ON LEARNING GEOGEBRA

Public expectations guide the efforts of researchers to study:

» The role of technology in teaching, for example, to increase motivation to learn
[1,10].

» Benefits of integrating technology in teaching [5];

» Critical points in mathematics [5] and others.

However, there are studies which show that:

» Many trainers are convinced of the necessity and benefits of implementing
technology in teaching, but do not use them [8];

» Many learners use technology to record lectures and instructions for exercises,
etc... However, not for effective teaching [3].

These results, on one hand, and the offer of the senior expert in mathematics and
informatics in RIO Ministry of Education and Science Mrs. Diana Milanova, to organize
training on learning GEOGEBRA, on the other hand, directed me to conduct a pilot study.

The main objective of the research study was the attitude of teachers in mathematics
from Ruse to the thorough study of geometric software GEOGEBRA and its future
application in teaching and learning of mathematics.

Current tasks for achieving the objective are:

» To implement the first stage model for studying GEOGEBRA as a convenient
tool in learning mathematics.

» To explore the views of participants on the thorough study of GEOGEBRA for
the development and use of educational resources in mathematics.

The study involved 16 teachers of mathematics and students from fifth to twelfth
grade from different types of schools: Secondary Schools, High School in European
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Languages, German Languages School, Vocational School in Electrical and Electronic
Engineering.
Students were motivated to participate in such training for several reasons:

» There are many GEOGEBRA institutes that distribute this software vault,
organize scientific and practical conferences, develop and disseminate
educational materials on algebra, geometry, etc....

» In 2010 training on GEOGEBRA was conducted by a team of the Fibonacci
project.

Research Methodology:

1. Quick guide was developed with technical characteristics of GEOGEBRA,
instructions for installing the product, main menus, sub menus, tasks with
simple drawings.

2. A system of tasks was developed for opportunities to integrate GEOGEBRA as
a tool for visualization and simulation in teaching specific mathematical topics
to support the formation of knowledge and skills of students.

3. A questionnaire was developed relevant to the purpose and objectives of the
study.

The survey results are as follows:
How useful was your training in GEOGEBRA (Fig. 1)?
Did the training fulfill your expectations (Fig. 2) ?

13%I.

OVery useful BUseful BUseless OFully MEPartly B Rather not

Figure 1 Figure 2

To what extent do you feel prepared after the training (Fig. 3)?
What is the probability after the training to use the acquired knowledge and skills
(Fig.4)?

6% 13% 6%

OLarge
BVery prepared B Prepared B Small
H No probability
B Not prepared O Can not decide
Figure 3 Figure 4
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What skills did you acquire as a result of the training?
19%

19%

@ Skills to create figures.

O Skills to introduce algebraic expressions.
O Skills constructs

@ Skills for plotting functions.

B No special skills.

@ Can not decide.

Do you think you need additional
training?

6% — 19% |

BYes ONo OCan not decide

What is your general impression of the training, in which you
participate?
6%

@ Very good

O Excellent

O Positive

B | am satisfied.

® | like it. It is available.

@ On good level.

O1 would like sequel.

O The hours to be synthesized in two days.
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CONCLUSIONS

The pilot study shows that:

» All participants are actively involved in learning software GEOGEBRA and
believe that it is useful for their activities.

» The training motivates participants to continue their education, although 94%
of them think they are prepared for its application in mathematics;

» The participants wish to develop their knowledge and skills to a level of
development and implementation of educational resources in teaching and
learning of mathematics with GEOGEBRA.

Therefore, it is necessary to be prepared training materials in GEOGEBRA as a basis
for the teaching of students - future teachers of mathematics and for the qualifications of
the existing teachers in mathematics teaching and learning mathematics using
GEOGEBRA.
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NMPENOAOABAHE U YHEHE HA MATEMATUKA, BASUPAHU HA
GEOGEBRA

MarpaneHa MetoaueBa lNeTkoBa, AOKTOpPaHT

PyceHcku yHueepcumem ,AHeen KbH4yeg”

Pesrome: Cmamusima npedcmaesi ycrosusma U pesynmamume om u3cried8aHusi, Koumo

onpedesiim Heobxodumocmma om U3Mofi38aHe Ha KOMMOMBbPHU mexHonoauu, 8 yacmHocm GEOGEBRA,
3a npernodasaHe U y4eHe Ha Mamemamuka. [lpedcmaseHu ca pe3ynmamume om nuiIomHo u3credsaHe Ha
OMHoOWeHUemMoO Ha y4umenu o wMamemamuka om 2p. Pyce kbm 3a0bsibo4yeHO u3yyasaHe Ha
ceomempuyHusi cogpmyep GEOGEBRA u 6bdewomo My npusiazaHe 8 rperodagaHemo u y4YeHemo Ha
Mamemamuka. VzcnedeaHemo ekrtouea obyyeHue Ha 16 yyumenu no MamemMamuka om pasfnuyHu eudose
yqunuwa 3a usydasaHe Ha GEOGEBRA.

Knroyoeu dymu: GeoGebra, yyumenu, Mmamemamuka.
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