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Abstract 
In our days, the use of robots is becoming more and more popular, for example, they can be used in 
medicine, industry and education can not be an exception in learning and teaching process. The 
learning of robotics can give students and professors an opportunity to design and create new 
knowledge. 

This article presents a methodological proposal to enhanced the learning environment through ludic 
practices using new technologies with an holistic learning, using Lego MindStorm EV3 robot set, 
practicing programming and learning mathematics 

Derived from the great flows of information which are handled in our days, the way of learning has 
changed, therefore the way of teaching can not be the same. Daily new learning is changing positively 
the environment where we live. Information technologies allow us access to these new learning in a 
great speed, making education more accessible at any time and for all. 

Also, new technologies are changing the way of learning, therefore, the way of teaching is also 
required to change and used technology to improve the learning acquired. At the present time, both, 
teachers and students are using these new educational technologies to achieve specific academic 
goals. 

This proposal is aimed to contribute more profound to the creation of a learning environment using 
LEGO Mind Storm EV3 robots and will be focus on improving learning in the area of programming and 
mathematics in computer and engineering careers, using a papertian theory. 

This project will allow students to practice programming and learn math while programming conic 
functions using Lego MindStorm EV3 robots. 
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1 INTRODUCTION  
The Papertian Theory, also known as Constructionist Learning is focused in learning with technology, 
while Piaget’s constructivism defines learning as the building of knowledge structures inside of one’s 
head, constructionism suggests that the best way to ensure that such intellectual structures form is 
through the active construction of something outside of one's head, that is something tangible, 
something shareable [1,2].  

The Information and Communication Technology (ICT) is an important part of the current life. 
Developing knowledge in all sectors of society takes us to be part of a Knowledge Society. Sandoval 
(2006), determines “What characterizes the current technological revolutions isn’t the central character 
of knowledge and information, but the application of that knowledge and information to knowledge 
generation and information/communication processing devices, in a circle of accumulative feedback 
between innovation and its uses. The diffusion of technology amplifies infinitively its power when its 
users appropriate and redefine it. The new information technologies are not only tools for applying, but 
processes for developing” [3]. 

Different robotic platforms has been a popular technology used by universities for educational 
purposes [4,5]. 
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The use of technology is present in every activity performed by humans; education is no exemption, 
although so far there hasn’t been a great advance since the use of technologies has to have a 
pedagogic foundation so it can get the most potential by defining goals. 

One of the most internationally renowned thinkers for his studies in this area is Seymour Papert, 
because besides creating digital tools to aid learning, he proposed the constructionism as an 
educational theory which underlies the use of technologies in education [6].  

There are many tools which can be used for teaching. One of these are robots; which besides being 
used mainly in the industry, they have also created interest in the knowledge area in order to used 
them as an aid in the different methodologies of teaching and learning [7]. 

Educational robotics is propitious to help productive, creative, digital and communication skills; and it 
becomes an engine for innovation when it produces chances in people, in ideas and attitudes, in 
relationships, in ways of acting and thinking of the students and educator [8]. 

Educational robotics seeks to raise interest in students transforming traditional subject matters (Math, 
Physics, Computing) to more attractive and integrating subject matters, creating learning 
environments propitious to recreate the problems of the surrounding environment [9]. 

The surge of robotics kits has helped their insertion, since these are characterized by not demanding 
advance knowledge of electronics or programming, among them, the Lego MindStorms® robotics kit. 

The present work aims to evidence how a technological tool such as the LEGO MindStorm EV3 robot 
can be used as a pedagogical tool for learning conic functions in mathematics subjects in higher 
education. 

2 METHODOLOGY 
This project consists of several steps which are described below. 

In first place, the programming of conic functions will be done in the programming software. For this 
purpose the Java programming language will be used. 

The assembly of the vehicle will be done with the Lego MindStorms® kit based in the basic EV3 model 
as shown in Figure 1. 

 
Figure 1.  Lego mindstorms® model vehicle. 

The remote teleoperation of the vehicle will be programmed so that through a server the vehicle 
drawing the graphic can be manipulated [Figure 2]. For this, the LeIOS programming language will be 
used, which is a small virtual machine allowing to execute Java code into the Lego MindStorms® 
controller. Additionally there is an API which implements the nucleus of Java classes, some J2ME and 
some additional for the communication through Bluetooth, access to the GPS, sensors and actuators. 

The assessment will be done in two groups, in each one of them, half of them will take the normal 
class and the other half will also have the practice with the use of the Lego MindStorms® vehicle. 

At the end they will be evaluated with the application of two midterm exams to both groups to analyze 
if there are learning differences.  
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Surveys will be carried out for students and professors regarding the use of the Lego MindStorms® 
vehicles as a tool to reinforce knowledge. 

 
Figure 2. Client-server scheme. 

The dynamic of the lessons is the following: 

Each student will be in a client computer connected to a server which is the responsible of 
teleoperating the remote vehicle. 

The student will introduce from his computer the equation he wants the robot to graph. 

The server will receive the requests of the students and address them one by one. 

The server will teleoperate the Lego MindStorms® vehicle to make the path of the equation given by 
the student. 

The robot will be positioned such that all students can have a perfect view of the paths executed each 
time [Figure 3]. 

A canvas where the Cartesian plane is represented will be placed. 

Each time a new equation is initiated the robot will start from the origin (0, 0). 

The student will be able to watch the path of the graphic entered and see if the equation is correct or 
incorrect. 

Furthermore, the student will have the ability to modify the parameters of the equations and be able to 
visualize the behavior of the path based in the changed made. 

With this, it is intended that the student reinforces the knowledge learned in class and analyze visually 
the behavior of the equations. 

 
Figure 3. Computer Lab. 

2.1 GeoGebra software  
GeoGebra is a mathematical interactive software free for the education. His creator Markus 
Hohenwarter, began the project in the year 2001 in the University of Salzburg and continues it in 
Florida Atlantic University. 

GeoGebra is written in Java therefore it is available in multiple platforms. It's basically a geometry 
processor and an algebraic processor, is a compendium of mathematics with interactive software that 
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brings together geometry, algebra and calculus in this way; it can also be used in physics, business 
projections, estimates of strategic decision and other disciplines. Its closest category is dynamic 
geometry software. 

GeoGebra allows dynamic tracing of geometric constructions of any kind as well as the graphical 
representation, the algebraic treatment and calculating real functions of real variable, its derivatives, 
integrals, etc. 

Projects can be exported in different formats and SVG is included. 

Geogebra libraries are exported to a Java project and inserted into a JPanel to run as if you were 
running the program.  

The fig. 4,5,6,7 shows the use of GeoGebra by the user. 

 
Figure 4.  Geogebra initial screen. 

To graph the conical functions, the next options will be used 

 
Figure 5.  To graph the conical functions, this options will be used. 

 
Figure 6. Circle centered at origin and radius by a mouse click. 
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Figure 7. Circle introducing center and radius, by a dialog box. 

The steps shown in Fig. 4-7 are used to graph the other conic functions. On Fig 8 it shows the conic 
functions GeoGebra can graph. 

 
Figure 8. Software options. 

2.2 EV3 vehicle design 
The model used is based on the basic model of Lego MindostormEV3 with some adaptations that 
were made for the gripped pen. It is a two-wheeled vehicle controlled by servomotors the gyro sensor 
for greater precision at the turns and medium Motor used to move the pen up or down as required, as 
it shows on Fig.9, 10, 11. 

 
Figure 9. Lego mindstorms vehicle in front view. 

 
Figure 10. Lego mindstorms vehicle in side view. 
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Figure 11. Lego mindstorms vehicle in back view. 

2.3 Programming 
The language used is the LeJOS library and is used with Java; the communication with the vehicle is 
made through Bluetooth. 

Until now the vehicle movement is done by specific instructions to move, rotate and move in angles 
from LeJOS libraries navigation. 

3 RESULTS 
It was taken a random sample of 20 students (groups 6-1 and 6-2) who had taken the class of 
Mathematics VI at the Faculty of Informatics of the Autonomous University of Sinaloa. 

The students used the technology tool, exercises and practices were given to all of them and at the 
end of the examination a survey were applied, whose results were as follows: 

3.1 For learning conic functions, which tools do you consider most 
appropriate? 

a) Pencil, paper, ruler 

b) Graphing software 
c) Video-tutorial 

d) Lego MindStorm EV3 robot, which makes the graphs 

 

3.2 Do you consider that with the use of this technological tool, you 
developed congnitive skills and competences: 

a) Strongly Disagree  

b) Disagree  

c) Undecided  

d) Agree 
e) Strongly Agree 
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3.3 What was your score from 1 to 10, where 10 is the maximum, on the final 
exam, after practicing conic functions with the Lego MindStorm EV3 
robot? 

a) 9.1-10 

b) 8.1-9.0 
c) 7.1-8.0 

d) 6.1-7.1 

e) 0.0-6.0 

 

3.4 Do you consider that educational robots should be implemented to 
improve students' learning in subjects such as mathematics: 

a) Strongly Disagree  

b) Disagree  
c) Undecided  

d) Agree 

e) Strongly Agree 

 

10453



4 CONCLUSIONS 
The use of technological tools improves learning and the teaching process, due to these results is that 
every day we can see a greater use of technology in education. 

Also, we can conclude that according to Papert the knowledge is constructed and with the help of 
technology that knowledge is reinforced, as was demonstrated with the group which the study was 
applied. 

It’s important to mention that although the use of technology and practice strongly reinforced the 
feeling of having greater knowledge and ability, the 100% of the students that use the technological 
tool had a good grade on their exam. 

In this case, the use of LEGO MindStorm EV3 robot, was a great technological tool to develop 
creativity and motivation in students, they learned practicing the theory of the class with a ludic 
method. 
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