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Abstract 

GeoGebra is selected as dynamic mathematics software in this research. Qualitative research methodologies were 

used in this study. First the participants learned basic commands about GeoGebra. During lessons students of 

mathematics used dynamic worksheets. Data were collected by participants' works and opinions on dynamic 

mathematics software. This study used a sample of total 37 (20 male, 17 female) students of Nasarawa State 

Polytechnic, Lafia, which was randomly choosing and taught by the same teacher. The students in the experimental 

group were free to communicate among each other and they developed group discussion. Graphic visualizations, 

obtained from GeoGebra, as a complement to already existing representations of algebra were used.  According to 

responses of participants, students want to use GeoGebra for learning mathematical concepts. Their works on 

GeoGebra showed that students want to offer interactive dynamic mathematics worksheets for mathematical 

concepts. A common characteristics of students exposed to GeoGebra is their desire for a proof of some sort. 
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Introduction 

In this study I plan to use a task set in a GeoGebra environment to provide an engaging opportunity for students to 

learn and operate with the properties of algebra. Algebra is about using letters in place of numbers. Sometimes it‟s 

possible to work out what the letter represents. The variations of parameters in the algebraic representation and the 

ensuing effects on the graphs have been investigated using computer algebra systems. But more and more it turned 

out that the abilities of students to generate prototypes of mathematical objects necessitated the converse way too. 

This means studying the influence on the algebraic representation by dynamical manipulations of the geometric 

objects. 

 

In 1997 Karl Fuchs gave a lecture on the use of the TI-92 calculator in mathematics education at the University of 

Salzburg. This calculator already offered both DGS and CAS but these two parts were completely separated 

programs. During this time, Markus Hohenwarter, one of Mr. Fuchs‟ students, suggested a closer connection 

between visualization capabilities of CAS and the dynamic changeability of DGS. 

In 2001, Markus Hohenwarter began the work for his master‟s thesis GeoGebra – a Software System for Dynamic 

Geometry and Algebra in the Plain. The aim of this project was to develop a completely new kind of tool for 

mathematics education in secondary schools. 

 

What is GeoGebra? 

GeoGebra is an interactive geometry software that also offers algebraic possibilities like entering equations directly. 

It is aimed at students (aged 10 to 18) and teachers in secondary schools. The program encourages students to 

approach mathematics in an experimental way. For example, it is possible to investigate the parameters of a circle‟s 

equation by dragging the circle with the mouse. On the other hand, students may also manipulate the equation 

directly and see the changed circle in the geometry window. 

The interactive construction protocol is indeed significant. Already Bender and Schreiber pointed out that the 

description of a geometric construction is the pretheoretical basis for the idea of an algorithm. The construction 

protocol of GeoGebra makes it possible to redo constructions at any time, insert new elements and even change its 

order with hindsight. Whenever students are entering or deleting expressions they must be aware of functional 

dependencies. 
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What does GeoGebra offer? 

The basic objects in GeoGebra are points, vectors, segments, polygons, straight lines, all conic sections and 

functions in x. With GeoGebra dynamic constructions can be done like in any other dynamic geometry system. 

These constructions may be altered dynamically by dragging free objects. Furthermore, it is possible to enter 

coordinates of points or vectors, equations of lines, conic sections or functions and numbers or angles directly. 

Hence, from the very beginning the software has been designed for the use in schools. The treatment of problems 

should not be affected by system-caused translations. Manipulations ought to be possible in a familiar way. Big 

efforts have been made to allow input in school notation:  

For example a line g may be entered as g: 3x + 4y = 7  

or a circle c as c: (x - 3)2 + (y + 2)2 = 25. 

 

Also, calculations with geometric objects like points and vectors are feasible. The centroid of a triangle with vertices 

A, B and C might be entered as S = (A + B + C) / 3. Additionally, GeoGebra offers many powerful commands 

starting from the slope of a straight line up to differentiation and integration of functions. GeoGebra is multilingual 

not only in its menus but also in its commands. For example, the English command Intersect becomes Schneide in 

German and Interseccíon in Spanish. 

 

Problems of using GeoGebra 

Students using GeoGebra exhibit different forms of behavior reflecting different levels of expertise in their thinking 

about the sketch. An example would be general dragging which is unfocused and undirected, as opposed to dragging 

which is directed at probing a specific relationship, such as a hidden isometry between figures. How does a student 

apprentice in such skills? Guided explorations, pre-made sketches with animations, observing an expert, knowledge 

of what fixed features can occur in a visual form, are all part of this apprenticeship. Discovery during individual and 

group explorations is a step. However it is a mistake to assume that, having the sketch open, a learner will see the 

same things as the teacher or an expert. I now know that most students do not „see‟ what I „see‟, until there is this 

exploration, dialog, refocusing of attention, and added background for interpretation of the visual experience. This is 

a mistake I made for several years and am daily struggling to overcome in my own teaching and mentoring. I must 

regularly pause and ask the innocent but critical questions: What do they see? How can they also see what I see? 

This is a core message I extract: the critical role of correct „seeing‟ in the practice of algebra and the vital need for 

novices and teachers to learn to use these visual images as carefully as they learn to use algebra or any other 

important part of mathematics. 

 

Applications of GeoGebra in Schools 

According to Muller (2014), GeoGebra is a very versatile tool for mathematics education in secondary schools. In 

teaching mathematics it might be used in many different ways. 

i. GeoGebra for demonstration and visualisation 

Even in traditional teaching, computer software has its status. In his discussion about the role of specific software 

Becker, (2014) mentions the aspect of specific software as a tool for demonstration and visualisation. In this sense, 

GeoGebra is a software with a wide coverage due to its different representations. 

ii. GeoGebra - a construction tool 

Karl (2016) pointed out the importance of computer aided drawing /designing systems for teaching constructive 

geometry at the state of the art. Not substitution of traditional but integration of new methods was intended by him. 

The idea of „computer utilisation‟ became fundamental. GeoGebra has all the abilities which are demanded from a 

suitable drawing / designing software. 

iii. GeoGebra and discovering mathematics 

Computers and mathematical software have provoked new basic questions on teaching mathematics. Students can 

organize knowledge on their own. For example, Artigue and Lagrange (2014) reported on the positive influence of 

computer algebra systems on teaching mathematics. This experimental form is added to the traditional form of 

teacher concentrated education as described in item 1 above. GeoGebra can be used as an important tool for this 

challenge. It can help to create a suitable atmosphere for learning. 

iv. GeoGebra for preparing teaching materials 
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GeoGebra encourages teachers to prepare materials for the teaching process using it as a cooperation-, 

communication- and representation tool. This follows Kerres‟ (2015) ideas of the educational functions of new 

media. 

The software can be used with students aged 10 to 18, beginning with simple constructions up to the integration of 

functions. No matter if students explore mathematics alone or in groups, the teacher should try to be an advisor in 

the background who gives support when help is needed. The students‟ results of their experiments with GeoGebra 

should be the basis for discussions in class. This gives teachers more time to concentrate on fundamental ideas and 

mathematical reasoning. 

 

Explanation and justification in a GeoGebra environment 

Working with computer software can mediate learning through the language and notational system that is designed 

into the program (Hollebrands, 2007). When the teacher and student interact while using GeoGebra they both adopt 

the language of the software, a language they then use to communicate with each other. They can also communicate 

mathematical ideas through discussing the visual images on the screen. Jones (2010), in a study with thirteen year 

old students in England, also noted how the use of students‟ mathematical language developed while using DGS; 

from simply describing what was happening on the computer screen to being able to give explanations relating to 

the mathematical content using more mathematical terminology. 

 

Designing tasks that enhance students’ learning in GeoGebra environment 

The computer offers ways of working that helps students to access approaches and solutions which would not be 

available to them using pencil and paper (Hoyles and Noss, 1992). However students will not necessarily appreciate 

the intended mathematical ideas just because they are interacting in a particular computer environment. Tasks need 

to be designed with the pedagogical principles built into them. Hansen (2016) and Villiers (2014) argue that is 

necessary to address both the mathematical learning and the motivation issues when designing a task. The task needs 

to have a purpose and it is this purpose which helps the students to appreciate the utility of the mathematics they 

need to learn. The idea of creating drag proof figures in GeoGebra may provide a meaningful task for students 

working in a GeoGebra environment as Healy (2014) described when they designed a task using GeoGebra as a 

vehicle for introducing geometrical constructions. The 13 year old students were asked to create a picture on the 

screen which was resistant to dragging. The students found this concept to be a meaningful idea and it gave an 

acceptable form of validation for constructions. 

  

Dynamic Worksheets 

With GeoGebra it is possible to create interactive HTML pages – so called dynamic 

worksheets – which can be used with any Internet browser that supports Java (e.g. Internet Explorer, Mozilla, 

Netscape). These worksheets are totally independent from the program itself, i.e. GeoGebra does not have to be 

installed to use the worksheet. Thus, GeoGebra is also a tool to create interactive e-learning content. The stand-alone 

application can be used on any platform (MS Windows, Unix, Linux, MacOS) and GeoGebra may even be started 

directly from the Internet eliminating complicated installation or upgrade procedures which is especially useful for 

computer networks in schools. 

 

Methodology  

This experiment used a sample of total 37 (17 female, 20 male) students of Nasarawa State Polytechnic, Lafia which 

was randomly choosing and taught by the same teacher.  

 

Instruments  

To achieve the purpose of the experiment, the researcher has adopted two instruments, including: 

 − Specially designed GeoGebra applets. As alternative representations, this experiment used graphic visualizations, 

obtained from GeoGebra, as a complement to already existing representations of algebra, which is normally being 

used in regular teaching.  

− An equivalent pretest-posttest design of test. 
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 Teaching Methodology for Experimental Group  

After lectures and exercises on algebra had been conducted in traditional way, the experimental group was included 

in the block teaching of algebra, which was created by GeoGebra. The experimental group worked in the computer 

laboratory. Their work could be described as "mathematical experimenting". The students in the experimental group 

were free to communicate among each other and they developed group discussion. Sometimes, the teacher 

coordinated, encouraged and supported some comments in crucial points. The teacher was also available to each 

student, on his or her request. So, the teaching method was supplemented by the group work, individual research and 

investigations. 

 

Evaluation of the Experiment  

The evaluation was conducted internally (by teaching staff). Pre-test was administered on the beginning of the 

experiment, post-test were administered at the end of the experiment.  

 

Quantitative Data Analysis  

Hypothesis Null (H0): There is no significant difference between the means of the two variables, before the 

experimental procedure (pre-test) and afterwards (post-test).  

Alternate (H1): There is a significant difference between the means of the two variables. 

 

Statistical Results  

The paired-samples t-test revealed a significant differences in scores before and after the GeoGebra's workshops, t 

(30) = -8.59, p < .02. This indicates that the mean score after the workshops (M = 51.64) was significantly higher 

than the mean before the workshops (M = 22.95). 

 

Discussion and Significance of the Experiment  

The aim of this research was to try to check, on the basis of the scores the students obtained on a test, if there was a 

positive effect of using GeoGebra applets in the teaching of algebra. The test in question consisted of ten simple 

tasks, chosen in order to check the elementary knowledge of students in algebra:  

what is the “accumulation point” of a sequence, computing some basic limits of the functions, computing left-hand 

and right-hand limit of the functions, understanding the ∆y of the function on a interval, understanding the 

instantaneous rate of change of function at a point, geometrical interpretation of derivative, etc.  

Since the statistical analysis of paired-samples t-test showed that the scores at the repeated test were significantly 

better (t (30) = -8.59, p < .02), it confirmed the fact that the use of the applets created with the help of GeoGebra and 

used in algebra teaching, had a positive effect on the understanding and knowledge of the students. That further 

shows that GeoGebra can be a powerful tool for visualization and stimulation of the key notions of algebra, the fact 

that helped the students improve their knowledge. 

 

Evaluation of Criteria and Weights in the First Hierarchy 

According to the chosen structure of criteria there are three perspectives in the  

first hierarchy. The weights is as follows: 

 

Table 1: Evaluation of Criteria and Weights in the First Hierarchy 

Criteria Weights 

Intellectual property rights (IPR) 48.4% 

Pedagogical perspective 42.4% 

Technological perspective 9.2% 

Total 100 % 

  

Analyzing the results, in the hierarchy of evaluation criteria, it can be seen that  

pedagogical and IPR are very important criteria for students, i.e. they prefer free of charge tools. A pedagogical 

criterion is directly related to students‟ work, and they expect any tool to be high quality from this perspective. 
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Willingness to utilize learning objects created using GeoGebra strongly depends on how they are created and also 

are related to the students‟ level of expertise in their specialization, like math. Another, even more important 

perspective is IPR. In practice, students are looking for ICT tools and learning objects they can afford, because of 

little financial support from the government.  

 

Evaluation of Criteria and Weights in the Second Hierarchy 

In the second hierarchy, each perspective includes different criteria.  

The group of criteria of technological perspective consists of nine criteria and their weights are as follows:  

Table 2: Evaluation of Criteria and Weights in the Second Hierarchy 

Criteria Weights 

Animations, pictures, multimedia elements 9.1% 

Clarity/simplicity/user friendly 18.3% 

Clearness with illustrative examples 6.9% 

Compatibility 7.4% 

Graphical processing/design variety 7.9% 

Possibility to access the software through the internet 7.8% 

Possibility to create the simple outputs 17.8% 

Simple and quick installation 7.2% 

Language 17.6% 

Total 100 % 

 

Out of the 37 students who were given GeoGebra problems, 12 did not pass, 22 passed, and 3 students scored a high 

pass. The 3 students earned a high pass were the only ones who managed to come close to the solution. It is worth 

nothing that these students become unrestrainedly fascinated with the problem and in the connection they 

discovered. Among the students who earned a high pass, a common characteristics was their desire for a proof of 

some sort. They seemed to want to find evidence beyond the capacity of the software. It is an interesting dilemma 

that the formal concept of proof is not possible in dynamic geometry software, While GeoGebra cannot actually 

produce proofs, the experimental evidence it provides users with strong conviction, which can motivate the desire 

for proof. 

 

 Conclusions 

GeoGebra is now being used more extensively in teaching geometry. This ranges from courses based on software 

notebooks that include symbol manipulation and graph-drawing in mathematics, to laboratory workshops added to 

standard courses in Maple, and research projects.  

The students are expected to use both visual and algebraic methods, try out ideas, seek mathematical connections, 

look for patterns, make conjectures for verification, and find good argument to support their conclusion.  
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