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Abstract 

Modern technology offers many ways to enhance teaching and learning that in turn promote 

the development of tools for educational activities both inside and outside the classroom. Many 

educational programs using the augmented reality (AR) technology are being widely used to 

provide supplementary learning materials for students. 

      This paper describes the potential and challenges of using GeoGebra AR in mathematical 

studies, whereby students can view 3D geometric objects for a better understanding of their 

structure, and verifies the feasibility of its use based on experimental results. The GeoGebra 

software can be used to draw geometric objects, and 3D geometric objects can be viewed using 

AR software or AR applications on mobile phones or computer tablets. These could provide 

some of the required materials for mathematical education at high schools or universities. The 

use of the GeoGebra application for education in Laos will be particularly discussed in this 

paper. 
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1. Introduction 

Academically, while mathematics is a difficult subject for most students, it also helps 

develop the ability to think logically. There are many systematic crises and analyses in 

mathematics, one of which is regarding the calculation of area. Geometry of space is one such 

branch of mathematics, where 3D objects are studied. Additionally, mathematics provides 

useful graphics capabilities, where a 3D vector is represented by a triple of number {x, y, z}, 

while presenting a large number of real-world applications [1]. Such an entity can describe a 

point in a 3D space. Though a vector can be presented as a row vector, most computer graphic 

books use column vectors, in what is known as the primary column form [2], because there 

are many properties of 3D vectors that are direct extensions of those of 2D vectors.   

Currently, technology is evolving rapidly. One of the elements of technological progress 

is the advent of Industry 4.0, which emphasizes on digital learning [3]. Therefore, many types 

of technologies are under development, one of which is the AR technology.  

Though the use of AR in education is new, it has advanced rapidly. Mathematical concepts, 

especially in geometry, are sometimes difficult to understand as students are required to 

visualize in 3D. Therefore, virtual reality (VR) can be used effectively to improve the learning 

process by stimulating curiosity and increasing students' motivation [4]. Azuma [5] provides 

a good definition of AR, namely the transformation of VR. AR allows users to see the real 

world with virtual objects that comprise the real world. Users can also see geometric virtual 

objects such as 3D cubes or cones overlaid on images of 2D cubes or cones. This can support 

students’ visualization, in turn facilitating better understanding. 

2. Literature Review 

This section will describe the fundamental knowledge required for this research, including 

concepts, principles, and methods related to application development. An important purpose 

of the educational environment is to introduce social interaction between users in the same 

physical area. The integration of mathematical software, such as GeoGebra programs, 

enhances students' learning of geometric concepts [6]. In the literature, researchers in various 

fields, such as computer science and educational technology, have provided different 

definitions for AR [7]. 

2.1 Learning Media 

Learning media transfer knowledge from the teacher to the students by engaging student's 

attention on the contents of the lesson. There are many types of learning media, such as 

pictures, transparencies, slides, audio and video recording, multimedia, and certain types of 

hardware or software media. In general, media provide a tool that can be used as a channel to 

achieve teaching objectives [8-9]. Therefore, for students, learning media are expected to 

facilitate the understanding of the content or concepts defined by the teacher.  

2.2 Augmented Reality 

AR is a new technology that blends the actual and virtual worlds by using 3D object 

replacement techniques or a human-machine interface [10]. It simulates the real-world 

experience for the user to see, smell, hear, and feel. Furthermore, virtual technology enables 

the user to join in the activity. It has emerged that AR can be adapted in various ways to support 

entrepreneurs. Presumably, it will modify the way we perceive the world around us. 

Essentially, this will add graphics layers and other sensory enhancements to the natural world 
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in real time [11]. AR places virtual objects in real-time environments that can be seen through 

different display objects and transforms the environment into a digital interface [12]. The 

working concept of the AR is shown in Fig. 1. 

 

Fig. 1.  Reality-virtuality Continumm (Milgram & Kishino 1994) 

Fig. 1 shows that the mixed reality (MR) spectrum encompasses all possible changes and 

compositions of real and virtual objects. On the far left is a real environment without any 

computer rendering. At the far right of the spectrum is a virtual environment, where everything 

is created using computers. 

2.3 GeoGebra Augmented Reality 

GeoGebra AR displays graphs and 3D objects in real-world environments and connects the real 

world with the abstract math world [13]. It also can place mathematical objects on any surface, 

allow the user to walk around them, and take screenshots from different angles. With 

GeoGebra's feature, students can now model virtual 3D objects on real-world objects directly 

in AR applications [14]. Using AR’s feature, students visualize mathematical objects, such as 

prisms, that in real life can be connected to a box. It is also possible to walk into the virtual 

box and take screenshots from different perspectives, which is a unique experience for students 

[15]. The GeoGebra augmented reality includes the following features: 

 Create 3D mathematical objects that appear and can be placed on a desk, floor, or any flat 

surface. 

 Activities that lead to the discovery of mathematics in the real environment by taking 

screenshots from different perspectives. 

 Explore the potential of AR in learning and teaching mathematics. 

 

 

Fig. 2.  GeoGebra Augmented Reality Apps 
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2.4 Geometry 

Geometry is a basic course in mathematical education that focuses on the description and 

analyses of 2D and 3D shapes using visualization and spatial reasoning, and uses mathematical 

models (geometric models) to solve problems. Currently, a variety of technologies are 

available in geometric teaching to create learning management media. According to [16], the 

development of a technology-based media for improving students' algebra learning outcomes 

identified that school was a factor affecting their ability to learn; the qualitative analysis of 

students' writing and digital documents during the test reaffirmed the quantitative results that 

the effective use of a variety of technologies improves students’ understanding of algebraic 

content. 

2.5 GeoGebra Software 

At the end of 2014, GeoGebra developed version 5.0 that included 3D graphics to facilitate 

the study of 3D geometry by offering the ability to create various shapes that can be unfolded, 

cut and viewed from multiple perspectives. The course for creating teaching materials using 

GeoGebra software is suitable for teachers and educational personnel [17], where teachers 

must remember that the aim should be to provide students with skills that enable them to 

analyze both the nature and properties of numbers and geometric shapes. Spatial visualization 

abilities are enhanced in the process of developing arguments to connect and use the system 

for localization [18]. There is an increasing demand to develop teaching materials that provide 

greater clarity to learners. 

GeoGebra is an online mathematical program that can create graphs and various geometric 

shapes, can support up to 70 languages, and is able to store work on Google Drive. It is also a 

freely available mathematical software for all levels of mathematical education, such as 

geometry, algebra, graphs, and calculus, and is the top service provider of dynamic 

mathematics programs used to support science, technology, engineering, and mathematics 

(STEM), education, and innovation in teaching and learning worldwide. The utilization of 

STEM methods in mathematics teaching can improve the quality of learning, which will in 

turn enhance the academic ability of students [19]. Knowledge of technology is inseparable 

from content, and good mathematical education requires the comprehension of how 

technology relates to education and mathematics [20]. Dental technology and mathematics 

emphasize on applying knowledge to solve real-life problems, including the development of 

new processes or products that are beneficial to working life and are innovative in the area of 

learning management in mathematics around the world. 

In computer graphics, geometric objects usually comprise lines, polygons, and polyhedra. 

Such objects exist in a 3D world and have properties that can be described using concepts such 

as length and angle [21]. Generally, in the field of 3D geometric learning, GeoGebra is a 

powerful and easy-to-use mathematical teaching software that is suitable for learning and 

teaching at all levels of education [22]. It can be used for learning geometry, algebra, tables, 

calculations, graphs, calculus, and statistics, and most importantly, is an open-source software 

that is available free of cost from http://www.geogebra.org to use with teaching and learning 

media. GeoGebra's latest feature for automatic geometric fact management is the basis for the 

automatic development of mathematical layers on the photographs of the monuments taken by 

our smartphones as we walk through various locations [23]. The software can be used for 

creating images and 3D models within the program itself, or worksheets created by others that 

are shared on the GeoGebra web server can be used. These worksheets can be downloaded for 



KSII TRANSACTIONS ON INTERNET AND INFORMATION SYSTEMS VOL. 15, NO. 3, March 2021                           1019 

 

free into offline GeoGebra applications for iOS, Android, Windows, Mac, Chromebook, and 

Linux. Millions of people around the world use GeoGebra to learn mathematics and science. 

 

 

Fig. 3.  Offline GeoGebra Apps 

3. Methods 

In this study, the use of GeoGebra software in an open class to create 3D geometric objects 

for AR apps was proposed. Teachers will use GeoGebra applications for mathematical 

education and problem solving. After the teaching and learning process, students will be 

assessed regarding their understanding of geometric patterns, gained from the classroom. 

3.1 System Overview 

The proposed system comprises three parts: a GeoGebra web application, GeoGebra web 

server and mobile application, as shown in Fig. 4. 

 

 

Fig. 4.  System Overview 
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Fig. 4 shows the GeoGebra web application, which has a remote login ability to the 

GeoGebra web server or URL http://www.geogebra.org via a personal computer or mobile 

phone for the creation of a user account and implementation of the online version. The users 

can then download the GeoGebra software and create their profile to use the GeoGebra Library 

(GGB Library), where new geometry models can be created and data models can be modified, 

as shown in Fig. 5. 

 

 

 

 

 

 

 

Fig. 5.  GGB Library 

 

3.2 System Activity Diagram 

Fig. 6.  System Activity Diagram 

http://www.geogebra.org/
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Fig. 6 shows the system activity diagram, where the first step is the preparation of model 

data or input of data into the GeoGebra program for solving the mathematical problem. The 

information is then sent to the GeoGebra web application and is available for the logged-in 

user to create or manipulate the application depending on the equation models. 

3.3 Create GeoGebra Profile 

The user must first login, which can be accomplished in multiple ways, including Google, 

Office 365, Facebook, and Twitter, as all of these web-portals are currently affiliated, and the 

associated profile login information can be used. For this study, login with a Facebook profile 

was used, as most people have existing Facebook profiles. Once logged in, the screen appears 

as depicted in Fig. 7.   

 
Fig. 7.  GeoGebra Profile 

3.4 Geometric Object Models 

The GeoGebra application allows students to connect mathematics to the world around them, 

explore explanations, and apply different concepts and practical skills. The app facilitates the 

visualization and manipulation of mathematical objects and switches between 2D and 3D 

functionalities. In this section, various 3D geometric objects have been designed as 3D models, 

where each 3D model represents a type of solid 3D shape. Specific solid 3D shapes, such as a 

cube, cylinder, cone, pyramid, and prism, which are used to design 3D geometric objects, were 

selected to create GeoGebra applications for mathematical education, as depicted in Table 1. 

Table 1. Solids Shapes Template 

Types 3D Shapes Shapes Net Formulas (Volume of shapes) 

Cube 

   

 

𝑽 = 𝒍 ∗ 𝒃 ∗ 𝒉 
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Triangular 

Prism 

 
 

 

 

𝑽 =
𝟏

𝟐
(𝒍 ∗ 𝒃 ∗ 𝒉) 

Cylinder 

   

 

𝑽 =  𝝅 ∗ 𝒓𝟐 ∗ 𝒉 

Cone 

 
  

 

𝑽 =  
𝟏

𝟑
(𝝅 ∗ 𝒓𝟐 ∗ 𝒉) 

Pyramid 

 
  

 

𝑽 =  
𝟏

𝟑
(𝒍 ∗ 𝒃 ∗ 𝒉) 

Hexagonal 

Prism 

  
 

 

𝑽 =  
𝟑√𝟑

𝟐
(𝒃𝟐 ∗ 𝒉) 

 

4. Experiments and Teaching Methods 

4.1 Experimental Process 

For this experiment, use of the GeoGebra software to create a 3D geometric model was 

proposed and the GeoGebra Script was used to implement the same, as shown in Fig. 8 where 

(a) depicts the installation of the GeoGebra 3D application on mobile devices. (b) shows the 

3D model of a rectangle after data has been input into GeoGebra. (c) shows GeoGebra AR 

without a marker. (d) shows the calculation of the volume of a cube with a high-value slider 

and its AR. (e) shows the calculation of the volume of a triangular prism with a high-value 

slider and its AR. (f) shows the calculation of the volume of a cylinder with radius and high-

value sliders and its AR. (g) shows the calculation of the volume of a cone with radius and 

high-value sliders and its AR. (h) shows the calculation of the volume of a pyramid with high-

value sliders and its AR. (i) shows the calculation of the volume of a hexagonal prism with 

high-value sliders and its AR. 
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       (a)                                              (b)               (c) 

  
(d) 

  

(e) 

  

(f) 
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Fig. 8.  Results 

4.2 Teaching Methods 

In this section, two types of teaching methods are proposed. The online versions were prepared 

for the participating teachers and the offline versions (open classroom) were prepared for the 

participating students, all of whom belong to the Faculty of Engineering, Souphanouvong 

University in Laos. First, a distance learning session was offered to the participants via a Zoom 

meeting and URL: https://www.geogebra.org/u/kounkala was used for the introduction. Ten 

teachers participated in the online classroom, as shown in Fig. 10, for a real-time interaction 

with various 3D geometric object models that were created using GeoGebra programs, as 

shown in Fig. 8 above. 

  

(g) 

  

(h) 

  

(i) 
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Fig. 9.  Presenting GeoGebra Application through Zoom Meeting 

For the second method, teachers were provided with a classroom that included a number 

of students, as shown in Fig. 10, and used the GeoGebra application that was developed to 

introduce and teach during class. At the same time, students could also login to use the 

applications out-of-school.   

Fig. 10.  Using GeoGebra Apps in the Classroom  

Fig. 10 depicts the classroom teaching method using GeoGebra programs. The teacher 

demonstrated the use of GeoGebra 3D models that were created and stored in resources and 

shared via the link URL: https://www.geogebra.org/m/euvsjtbx that was provided by the 

GeoGebra web server. Students could also login to use those applications through their mobile 

phones or computer tablets using the GeoGebra classroom ID or URL. In this teaching and 

learning method, students could manipulate or create 3D models and test the model's behavior 

in response to diverse parameters. Lastly, after the teaching and learning process, students 

were assessed based on their understanding of the geometric patterns and the learning 

experience from the classroom.  

4.3 Assessment  

For the assessment, teachers created small tests or questionnaires to explore students’ 

conceptual knowledge and understanding. This study involved a survey and utilized 

https://www.geogebra.org/m/euvsjtbx
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quantitative data to investigate Lao undergraduate students’ attitudes towards the use of 

GeoGebra applications in teaching and learning. It measured students’ opinions regarding their 

performance after taking the class that focused on learning 3D geometry through the use of 

GeoGebra applications. There are 40 students participated in this learning and answered the 

questionnaires or survey form. A questionnaire using 5-point Likert scale: 5 for strongly agree, 

4 for agree, 3 for neutral, 2 for disagree, and 1 for strongly disagree, was used. The evaluation 

criteria of the questionnaire responses are: 1.00-1.49 is strongly disagree; 1.50-2.49 is disagree; 

2.50-3.49 is neutral; 3.50-4.49 is agree; 4.50-5.00 is strongly agree. The results from the survey 

responses and the analysis of quantitative data are shown in Table 2. 

Table 2. The Students’ opinions toward their success after taking the class on mathematic education 

through the use of 3D GeoGebra geometry

 

In Table 2, the mean scores of 3.47 and 3.38 (neutral) indicate that students who were part 

of this survey were unsure of their ability to create 3D objects using the GeoGebra application 

on their own. Using GeoGebra AR in the classroom or outside school requires access to certain 

resources, and some students may not have a smartphone that supports AR applications. 

Moreover, some students in Laos are from rural areas and may face challenges with receiving 

adequate internet speeds. The mean scores of 4.57 and 4.52 conclusively prove that studying 

with the 3D GeoGebra application was enjoyable to the students and more engaging than 

studying in 2D or with traditional teaching and learning methods. Additionally, students were 

able to improve their learning skills. 
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5. Conclusion  

With the help of AR applications, teachers can enhance the learning process with a high 

potential for better understanding, thereby increasing student engagement and motivation. It 

would be more interesting if the teacher could use the pages of books or worksheets of the 

content being studied, to create a variety of AR geometry models that enable students to use 

their mobile phones or computer tablets to visualize the 3D objects being studied. The objects 

move off the pages in the book and can be seen as virtual objects in 3D from different angles. 

This is a new method of learning and teaching being offered in Laos. In particular, it can be 

used for teaching mathematics at high schools or universities. Two types of teaching methods 

are proposed here, the online version, such as distance learning via a Zoom meeting, and the 

classroom version for mathematics education, which were designed with teachers and students 

at the Faculty of Engineering, Souphanouvong University in Laos. In this teaching method, 

students can manipulate or create 3D models and test the behavior of the models according to 

the situation. Therefore, education with the GeoGebra application can transform learning and 

make it more engaging, interactive, and enjoyable than studying with 2D. 
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