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GeoGebra as a motivational tool for teaching and learning in
Slovakia

Jan Guncaga and Janka Majherova

Abstract: In this article we present several possibilities of the use of GeoGebra in education. We
present Slovak GeoGebra Wiki as a tool to share teaching materials. We show some examples of
this use in subjects of mathematics, physics and computer science. These works are connected
to the goals described in new Slovak Curriculum ISCED 2 for education at the lower secondary

education level.
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1. INTRODUCTION

According to Oldknow and Taylor (2003) we can iden-
tify at least three reasons to promote an integration of In-
formation and Communication Technologies (ICT) in the
teaching process of mathematics at schools.

e Desirability: The use of ICT may stimulate pupils’
motivation and curiosity and encourage them to de-

velop their problem-solving strategies. Regarding teach-

ers, the use of ICT can improve their efficiency, pro-
vide more time to address students individually, or
stimulate rethinking of their approach to teaching and
understanding.

e Inevitability: Many fields of publishing have moved
from a printed to an electronic form. This fact applies
to conference proceedings, reference works such as
encyclopaedias, small-circulation textbooks, special
journals, etc.

e Public policy: Slovak National Curriculum ISCED
1, 2 and 3 classifies Mathematics as a school subject,
which is a part of the group called Mathematics and
Working with Information.

During the teaching process, ICT support the development
and implementation of high-quality teaching and assess-
ment materials. An important aspect of ICT-aided edu-
cation is visualization. Within the framework of mathe-
matics education, ICT promotes mathematical communi-
cation among teachers and students in the following ways.

e ICT provides an effective medium for communicat-
ing one’s method for solving mathematics problems
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and discovering / communicating structures of vari-
ous mathematics models.

e ICT promotes the visualisation of relationships within
and among various mathematical models, enabling
students and teachers to develop new results and new
connections in other fields within and outside of math-
ematics.

e ICTM supports the building of various mathemati-
cal competences, including basic science, communi-
cation, and digital competences.

GeoGebra supports the realization of the above concerns.
This software connects features of computer algebra (CAS),
interactive geometric software (IGS) and spreadsheet. Geo-
Gebra provides this functionality within an intuitive, user-
friendly interface. The software provides teachers and stu-
dents with a method for authoring dynamic HTML web-
sites with interactive pictures (see Hohenwarter & Lav-
icza, 2010). Materials developed by GeoGebra may be
freely uploaded and hosted on GeoGebraTube! or Geo-
Gebra Wiki.? The latter contains materials created for Slo-
vakian school students.> The materials and applets avail-
able at the aforementioned site makes use of the interac-
tivity and dynamical character of GeoGebra. Moreover,
the materials follow the Slovak curriculum from geometry
through calculus (e.g., exponential and logarithmic func-
tions, cubes, hexagonal prisms, constructions of triangles
and parallelograms). Naturally, the website contains also
materials for teaching physics and computer science.

2. SOLVING GEOMETRICAL TASKS IN
GEOGEBRA

The new Slovak curriculum ISCED 2 for lower sec-
ondary level includes multiple educational competencies
for teaching of geometry. For instance, pupils should be

I www.geogebratube.org

Zhttp://wiki.geogebra.org/en/
3http://www.geogebra.org/en/wiki/index.php/Slovak
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Fig 1: Slovak version of GeoGebraWiki

able to construct and describe the basic geometrical fig-
ures or to specify properties of their particular elements
(relationship of sides, diagonal, triangle inequality and so
on). They should know basic geometrical transformations,
axial and central symmetry, the relationship between fig-
ure und its picture in transformation and how to analyse
and solve application geometrical tasks with a use of math-
ematical know-how.

Pupils obtain a geometric imagination as an ability to
explore geometric figures and their properties, to abstract
geometric properties from the particular objects, to have a
perception of geometric shapes, and to be able to imagine
geometric figures and their relationships.

Since the new curriculum in mathematics has been in-
troduced in Slovakia only recently, few textbooks have
been developed with these new standards in mind. The
materials from the Slovak Wiki have been developed to
help teachers (and their students) learn more about these
new instructional expectations. As we develop teaching
materials on the Wiki, our aim is to collaborate with cur-
rent and future school teachers and their students. Some
examples can be also found in works by Billich (2008),
Tkacik (2007) or at http://geogebra.ssgg. sk.

Now we can present some works, which are applicable
in teaching of geometry. These examples have been pre-
pared by students from the training programs for math-
ematics at secondary school. The materials are focused
to explain new notions with support of interactive GeoGe-
bra applets. The first example belongs to the framework of
teaching of the plane geometrical figures (parallelograms).
Figures 2 and 3 highlight an applet that aid in the construc-
tion of a parallelogram and rhomboid with some sides and
angles given. The sketch that we used to generate the fig-
ures is available for download.*

“http://www.geogebra.org/en/upload/files/Slovak/Ranostaj
/Prezentacia.html

/ /
You know which geometric shapes are parallelograms

and which properties they share. Construct rhombus
ABCD given side a = 4 cm and xBAD = 45°.

Fig 2: Parallelogram construction sketch

! ~

Given side a=8 cm, height of side vy = 3cm,
and xBAD = 30°. Construct rhomboid ABCD.

‘\45

Fig 3: Rhomboid construction sketch

The second example describes how to draw a cube in
the plain using the rule that the side edges have the half
length compared to the front edges (fig. 4). Playing the
construction is an important advantage in this teaching
unit (Kopacova, 2003).

Fig 4: Cube construction sketch

GeoGebra can be used as an effective tool to motivate
pupils as it can visually represent a variety of mathemati-



North American GeoGebra Journal (ISSN: 2162-3856) Vol. 1, No. 1, 2012 47

cal notions and their relationships in a dynamic way. Within
the interdisciplinary relationships, we can use GeoGebra
also in the subjects of computer science or physics in the
secondary education.

3. GEOGEBRA IN TEACHING OF COMPUTER
SCIENCE AND PHYSICS

In our computer science courses, we start with an in-
troduction of the GeoGebra program - first introducing
students to use of the toolbar as well as the graphics and
geometric windows. In our courses, we assume that stu-
dents are familiar with fundamental principles of graph
theory and can construct an algorithm for a given prob-
lem and write a solution using symbolic language (Kutna
& Palasthy, 2009). After we familiarize our students with
the GeoGebra environment, we pose the following related
tasks.

e Travel over all the edges of graph by single path, which
starts and finishes in the same vertex. Write a solution
as a sequence of vertices (refer to Figure 5).

e Find the shortest path in a graph such that all the ver-
tices are connected (refer to Figure 6).

e Construct a simple algorithm which searches for a
way through a labyrinth (refer to Figure 7).
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Fig 5: Graphs in GeoGebra

Our pupils experienced little difficulty working with Geo-
Gebra on the aforementioned tasks. They were able to
discover new features of the software without prompting
from the instructor, including options to change coloring,
background and style. The assigned tasks were interesting
for the pupils, who handled them without major trouble.

In physics, several educational competencies of the pupils
are also defined in the Slovak curriculum ISCED 2 for
lower secondary level. The pupils should be able to: ex-
plain the force as a form of mutual interaction of two ob-
jects advance in the analysis of different notions, effects
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Fig 6: Shortest path in graph as represented in GeoGebra
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Fig 7: GeoGebra labrynth sketch

(physical parameters, laws), find a relationships between
the physical parameters.

In Figure 8 we present the representation of a compo-
sition of non-parallel forces (notice here a connection to
pupils’ knowledge of mathematics). Consequently this
composition is used on Figure 9 to illustrate a motion on
the inclined plane (available online®).

Shttp://edu.gsa.sk/jancek/?id=40200
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Composition of non-parallel forces operating in one point

¥ Show the values
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Fig 8: Composition of forces
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Fig 9: Motion on the inclined plane

4. CONCLUSION

There are numerous possibilities for a visualization and
simulation processes using a computer while teaching of
mathematics, computer science and physics. Graphical
possibilities of didactic software allow students to work
with models of different objects. Students can apply knowl-
edge gained in learning stage while looking for solutions
of different problems. Moreover, they can visually ob-
serve the result and thus understand and adopt basic con-
cepts and notions more easily. Creation of the model and
its visualization by computer allows pupils to gain specific
experiences regarding the use of mathematics, physics and
informatics in a practical life.

The relationships between mathematics, informatics and
other subjects, which are supported by GeoGebra, are a
very important part of integration of ICT in education. In
our paper we describe different examples of using Geo-
Gebra in mathematics, informatics and physics education
in lower secondary level. Materials in GeoGebra can ef-
fectively assist teachers in supporting the pupils’ cognitive

process. Pupils can develop its formal and logical reason-
ing, cooperation and communication. They will gain skills
that are necessary for the research work, e.g., an ability to
implement a simple research project, to formulate a prob-
lem, to look for the solution and cause context, and to
learn how to use various methods of problem solving.
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