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Abstract 
The article is focused on the importance of information and communication technologies used in 
mathematical education. Currently there are many different geometric software for computers and 
tablets. These programs allow users to draw geometric shapes and allow them to dynamically change 
their shapes. We created an interactive course in Learning Management System Moodle for Graph 
theory, where we used interactive applets created by mathematical software GeoGebra. GeoGebra is 
a free and multi-platform software for all levels of education. GeoGebra contains quite enough tools 
that can be used in teaching how to create graphs. In case that the users need a tool that GeoGebra 
doesn't have, they can create this tool themselves. The article describes the possibility of using 
JavaScript programming language in mathematical software GeoGebra. We will show you the results 
of our research if our course for Graph theory increases students’ interest in mathematics. 
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1 INTRODUCTION  
At the end of the 1990s, when computers were expanded into the educational process, the creation of 
programs for school facilities became the focus of many software companies. First, programs were 
created to allow simple calculations, display of function graphs, and later to add programs designed 
to work with geometric objects. Such a program is nowadays called geometric dynamic software. It is 
divided into 2D programs (plane geometry teaching) and 3D programs (stereometry teaching). 

Nowadays there are many dynamic geometry programs. The most famous programs are Cabri, 
GeoGebra and C.a.R. The use of the program by the teacher in the teaching of mathematics depends 
only on him and the financial possibilities of the school. 

Regardless of which program the teacher chooses, each of the above mentioned programs allows: 

− interactivity - when changing system attributes all the dependent departments will be changed, 
− dynamics - lets you illustrate motion, use design tools to animate, 
− visualization - display of basic and derived geometric terms. 

Using Dynamic Geometry programs makes the learning process more effective and more attractive. 
The great advantage of these programs is the ability to use it with e-learning courses. The main 
advantage of such courses is the opportunity to study anytime, anywhere. 

An alternative is the use of blended learning. Malatinská et al. [1] characterize combined education as 
a combination of classical (face-to-face) and e-learning education, where we take advantage of the 
advantages of both of them. Pokorný [2] in his research, which he conducted on a sample of 172 
students in 2010-2013, proved that students who solved mathematical problems by using interactive 
elements were more successful than students who did not use interactive elements.  

One of the options for e-learning courses to contain interactive elements is to insert applets into 
courses. For example, when teaching geometry, it is possible to use software products belonging to 
the Dynamic geometric systems. In Slovakia, the most frequently used programs are Cabri and 
GeoGebra [3]. 

2 GEOGEBRA 
GeoGebra is an interactive mathematical software. It connects mathematical entities such as algebra, 
statistics and calculus. GeoGebra is free, open source and multi-platform software since 2001. It is 
possible to use GeoGebra on computers with operating system Windows, Mac OS and Linux and on 
tablets with operating systems Android and iOS. 

Due to these reasons we decided to use GeoGebra in our eLearning course. 
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2.1 Graphical user interface of the program  
The interface of Geogebra can be modified in View. For theory of graphs it is important to modify 
View-Graphic as you can see in fig. 1. 

 
Figure 1. Interface of GeoGebra software. 

2.2 Programming in GeoGebra 
When creating applets for graph theory we use objects mainly from the toolbar. To put the object in 
the graphics window you can use the mouse cursor - Drag and drop. An alternative to embedding an 
object into a graphics window is to write a command to the input field (the input field must be displayed 
View  Input bar).  

GeoGebra contains quite a lot of tools that can be used in teaching. If a user is missing a tool, he can 
program it himself. You can create new tools by downloading GeoGebra source code to your 
computer and then creating a new version of GeoGebra. Source codes are available under the 
General Public License (GNU). This license allows users to copy, change, and distribute the software 
without any limitations. This option requires deep programming skills and a lot of time to study the 
source code. For this reason, GeoGebra developers have been able to create tools directly in their 
official version. This option does not require knowledge of the source code, you can view tutorials on 
programming in GeoGebra on their official website https://wiki.geogebra.org/en/Scripting.  

GeoGebra supports two programming languages: 

• GGBScript – a specific programming language for programming in GeoGebra. 

• JavaScript - a full-featured programming language that is used especially in creating web 
pages. JavaScript is a relatively widespread programming language, unlike GGBScript, which is 
used exclusively for GeoGebra programming. For this reason, we decided to use the JavaScript 
programming language to create GeoGebra tools. 

We are able to develop a code that can be triggered by: 
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• clicking on an object– for example button, point, segment, etc., 

• updating an object (e.g. changing a value) – the caption of point will be changed, 

• loading the file – renaming the points. 

The Scripting window can be opened with CTRL + E, or by a right-click on the object and selecting 
Object Settings, and then selecting Scripting in the tab. Fig. 2 shows a script window. To the left of the 
OK button, we can choose which language we want to use for programming. The default language in 
the running script bookmark is GGBScript. If we use JavaScript and forget to switch to this language, it 
will show a blank source code window if we have already written a code. The second option is that we 
start writing a JavaScript code and GeoGebra will print an error message that does not recognize the 
syntax. 

 
Figure 2. Scripting window in GeoGebra. 

For working with objects GeoGebra offers special JavaScript methods, which belong to ggbApplet. 
The syntax for calling JavaScript methods is: 

ggbApplet.method_name(parameter1, parameter2, ...); 

A complete list of available methods is written in the GeoGebra wiki page: 

http://www.geogebra.org/wiki/en/Reference:JavaScript 

In case that we want to set a red color of the text in object button1, we have to call a method 
setColor(String objectName, int red, int green, int blue): 

ggbApplet.setColor("button1",255,0,0); 

The first parameter of this method sets the color of the object with the given name (button1). The rest 
of the parameters set the specific color. GeoGebra is using RGB model for setting the color. The RGB 
model is a color model in which red, green and blue light are added together in various ways to 
reproduce a broad array of colors. 

For setting a value of some object, we call method setValue(String objectName, double value): 

ggbApplet.setValue("a", 0); 

Method setVisible(String objectName, Boolean value) sets the text value of object Text: 
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ggbApplet.setVisible("a", true) 

The example of a simple applet, which uses GeoGebra commands is shown in fig. 3. It is possible to 
download this applet from our library: 

https://ggbm.at/Kd8erGkY 

 
Figure 3. Example of a simple applet with GeoGebra commands. 

2.3 Publication of applet 
The materials created in GeoGebra could be shared further. In File  Export it is possible to choose 
the following options:   

− save as Geogebra file, 
− Dynamic Worksheet as Webpage (html), 
− Graphics View as Picture (png, eps), 
− Graphics View as Animated GIF. 

LMS Moodle allows embedding GeoGebra applets directly into the webpage of the same eLearning 
lesson. The process of embedding applets into the webpage of an eLearning lesson is quite easy – so 
everyone should be able to do it. 

3 GRAPH THEORY AND GEOGEBRA 
Graph theory could be used in solving several problems such as utilities problem, optimal path 
problems, Königsberg bridges problem, travelling salesman problem, etc. 

At the Faculty of Natural Sciences at Matej Bel University we prepared eLearning course from Graph 
theory. The course is focused on teaching future teachers of mathematics and informatics. This 
course is also available for guests and it is located in the system LMS Moodle on the webpage:  

https://lms2.umb.sk/course/view.php?id=1389 
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3.1 Applet Köningsberg bridges problem 
In the early eighteenth century, the medieval city of Konigsberg in Eastern Prussia contained an island 
around which the river Pregel flowed before dividing into two. The four parts of the city were 
interconnected by seven bridges. The citizens of Köningsberg tried to find a route that crosses each 
bridge only ones and returns to the starting point. [4] 

This problem has been transformed into a graph problem:  

Is it possible to draw a graph where you must return to your starting point, without tracing any edge 
twice?  

Fig. 4 shows an applet, which we created in GeoGebra that represents this problem. The applet is 
available in our library on GeoGebra webpage:  

https://ggbm.at/HXnsyB2Y 

From this webpage, it is possible to download our applet with JavaScript source code. 

 
Figure 4. Köningsberg bridges problem. 

Functionality of the Köningsberg bridges problem: 

1 In this applet, the user has to select the starting point (vertex) first. Selected vertex will be 
highlighted.  

2 In the second step the user must select an edge from this vertex. Selected edge will be also 
highlighted. 

3 Repeat step 2 until you find a route that crosses each bridge exactly ones and returns to the 
starting point (not possible). 

In case you select an edge twice the popup message will be shown. If you click on some other vertex, 
the path will be cancel.  

3.2 Applet spanning trees 
Let G be a connected graph. Then a spanning tree in G is a subgraph of G that includes every vertex 
and is also a tree [4]. Each graph can have a lot of spanning trees. For example, Petersen graph has 
2000 labelled spanning trees.    

We created an applet that finds a spanning tree in any connected graph. The applet is also available 
in our GeoGebra library: 
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https://ggbm.at/NPEmeREh 

Our applets for finding spanning trees are shown in the picture XYZ. The applet on the left is Petersen 
graph before the button Find spanning trees is pressed. The applet on the right is Petersen graph with 
an example of his spanning trees after the button Find spanning trees is pressed. 

 
Figure 5. Applet spanning trees. 

4 METHODOLOGY AND RESULTS 
We created an interactive course in Learning Management System Moodle for Graph theory. In this 
course, we used several interactive applets created by mathematical software GeoGebra. In our 
research, we focus on creating new applets that could facilitate teaching of discrete mathematics. We 
also assume that our interactive course can improve students’ approach to mathematics. 

The research problem was established to find out if the usage of this application will increase the 
interest for learning material. The research was conducted at the Faculty of Natural Sciences at Matej 
Bel University during the months September – December 2016. For collecting empirical data we used 
a questionnaire. The questionnaire was anonymous and it contained 12 questions. Questions were 
formed by a method of Thurstone attitude scale, i.e. they represent a series of self-statements. Self-
statements express the respondent’s point of view to solving mathematical problems and 
understanding mathematics. The aspect of mathematics as a subject itself and also the application of 
mathematics in the case of several interactive elements (similar applications) and the usage of ICT 
technologies within learning process was investigated in this questionnaire.    

We processed the empirical data we gathered with the help of the program SPSS and Microsoft Excel. 
We tested the normal distribution of our sample using the Kolmogor-Smirnov test which confirmed that 
our sample was not normally distributed. Based on the results we decided to use the Wilcoxon test 
which is a non-parametric statistical test used when comparing two related samples, matched 
samples, or repeated measurements on a single sample to assess whether their population mean 
ranks differ. Results are shown in table 1. 
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Table 1.  Results of our research. 

  Negative 
Ranks 

Positive 
Ranks 

Ties Total Asymp. Sig.  
(2-tailed) 

1. Specify the level of importance 
to Mathematics 

N 25 a 10b 30c 65 0,004** 

2. Mathematics is for you: N 22a 6b 37c 65 0,007** 

3. How often do you look forward 
to mathematics at the university? 

N 22a 17b 26c 65 0,000*** 

Significance level *p ≤ 0,05,  **p ≤ 0,01,  ***p ≤ 0,001 

The results for item (1, 2, 3) based on p – values which are at the level of significance, where p <0.05, 
indicate that there is a statistically significant difference before and after the course. In each item, the 
students before the course took a negative attitude, while after the course the attitude towards 
mathematics changed to a positive one for most students. We can confirm that the use of information 
and communication technologies within a discrete mathematics course will positively influence 
students' attitudes towards math studies. 

5 CONCLUSIONS 
In this article, we looked at creating applets for teaching graph theory. To create applets, we can use 
multiple dynamic mathematical programs. We have decided to use GeoGebra because it is a free, 
multi-platform software. In the post, we showed how it is possible to program the functionality in 
GeoGebra using JavaScript scripting language. On two specific examples, we demonstrated how the 
applets can be used in teaching graph theory. 
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