
 

 Desarrollo de Software Educativo Mediante un Entorno de 
Realidad Aumentada  

Introduction 

In recent decades the development and growth of new technologies are changing 
the way of life of society. Thus, you can see how concepts considered parts of science 
fiction are becoming a reality we can use. This change is also known as the "third 
industrial revolution" [1]. Some of the main sectors in which these technological 
advances are being noticed more intensely are renewable energy, biotechnology, 
robotics, information technology and telecommunications. 

In relation to the latter, the agent that has enabled its development is the Internet. 
But we must also mention the improvements that have appeared in recent years in 
personal computers and mobile devices that have changed the way that we interact 
with them, originating new paradigms of interaction such as virtual reality, augmented 
reality and ubiquitous computing. 

The impact of these changes can be seen in different sectors among which include 
education, where it is transforming the traditional way of learning. Some examples of 
these are e-learning, m-learning or game based learning. Similarly in the teaching field, 
these advances are transforming the way of giving lectures through new classroom 
tools and services such as audio players, video projectors or electronic whiteboards. All 
of them are being gradually supplemented or even replacing the classic boards that 
the teacher used to present the main ideas. 

Considering all these transformations in the education sector coupled with 
technological advances that take place, it is almost certain that this area will continue 
to evolve, attempting to overcome limitations and enrich the experience of teachers 
and students. 

Problem 

The context of this work is related with information systems and applications used 
to improve classroom teaching experience. Among the advantages that are often 
noted on this form of education is the presentation of updated information, 
communication of conceptual knowledge or motivation values, apart from the 
cognitive content [2]. Another benefit is that this method allows the teacher to take 
the lesson to his own critical perspective, helping students to transform and construct 
knowledge [3]. 

In any case, the success of a lecture depends largely on the teachers’ skills to 
communicate with students [4] which is critical to get feedback from them about the 
development of the class. For many teachers, this feedback stops the class to ask 
students if they have questions or are following the lesson correctly, ask how they 
would develop or solve a similar case just discussed. In any case, the students show 
shy or afraid of embarrassing themselves in front of classmates. This fact makes it 



difficult to obtain direct feedback from students so frequently that the teacher gets 
the feedback requested directly from the interpretation of gestures and faces of the 
students through the class. 

To solve the problem some universities provide students with feedback devices, 
such as the famous clickers [5], which allow students to respond anonymously to 
questions from the teacher without requiring stopping normal development of the 
class. 

Objectives 

Main Objective 

This project aims to explore the possibilities of using devices and augmented reality 
techniques to provide better communication between students and teachers.  

 

 

 

 

 

 

  

 

This research is split into four projects. The third one is the developed by the author, 
Figure 1. 

1. Mobile Application 

o This project aims to design an application in Android or IOS that allows 
students in the class indicate their status. 

2. Web application 

o This project aims at storing the status and results of the students for 
further analysis of the evolution of students or class. 

3. Augmented Reality Application 

o Its goal is to recognize students and display the status of students 
stored in the Web application using augmented reality glasses. 

4. Application Kinect 

o This project targets at managing the course of class activities and modes 
of displaying for augmented reality, so that the teacher using just a few 
simple gestures are capable of changing the activity being performed or 
the display modes of the students and to see the name. 
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Figure 1- Investigation Project Environment 



Secondary objectives 

Secondary objectives of this project are: 

 Improve motivation and student participation 
o The teacher can increase the participation and motivation of the 

students by direct interaction or through some type of device. The 
teacher can customize the lessons according to students. 

 Improve the experience of teachers 
o The teacher will be able to know which concepts should be better 

explained. This can be achieved by getting feedback in real-time about 
the general status. 

 Improve flow of communications from teachers and students 
o When there is a new way of communication between them where the 

teacher can get clear, direct and specific information on a student 
allowing easy communication. 

 Reduce school failure. 

 Avoid improper use of the feedback system 
o There is only anonymity among students in class so the teacher is able 

to see the state of a student without letting the others to know, 
preventing the temptation for students to enter false data in some CRS 
in order to preserve the anonymity against the teaching [6]. 

State of the Art 

In the state of the art technologies and systems that allowed the development 
of the project and the current systems that solves part of the problem of separating 
the classes are analyzed. This point is separated into two sections: Augmented Reality 
and Audience Response. 

Augmented Reality 

Augmented reality is the term used to live vision, direct or indirect, of a real-world 
physical environment to which the user is introduced to add virtual elements to give 
information or context.  

On the other hand, virtual reality is the total immersion of the user in a virtual 
world made entirely from whole cloth and virtual elements, Figure 2. 

  

 

Figure 2 – Mixed Reality 

Today, there are a lot of augmented reality libraries. The first open source 
library was ARToolKit. 



 

Figure 3 - Augmented Reality Library Timeline 

Today, the most important are AR-Media, Wikitude SDK, FLARToolKit, 
NyARToolKit and OpenCV, although the latter is a library of artificial vision is used for 
augmented reality. Figure 3. 

Audience Response 

The term audience response refers to a type of interaction that needs the 
audience response systems (Audience Response System) that support communication 
between the audience and conference presenter. In education, these systems are 
often called Classroom Response System (CRS) and the devices that students use to 
communicate with the teacher clickers. 

The decade of the 1960 is considered the origin of these systems due to the 
evaluation of the public with films, television programs and commercials, but now 
these systems have evolved in both scope and in technologies for communication 
among listeners and presenter. 

The advantages that allow these systems in the field of education include the 
improvement of student participation [8], increase knowledge retention, eliminating 
the tendency of mass psychology, data collection for individual monitoring, creating an 
interactive environment for learning and fun and so on. 

System Analysis 

Once the author documented the problem and analyzed the current 
technologies of the field in which developing the application to perform system 
analysis of the project, the author conducted a series of interviews with the tutor who 
played the role of the customer. After these series of interviews, the author extracted 
a total of fourteen user requirements, six use cases described in detail in the full 



document. Afterwards, the author analyzed in detail these requirements and use cases 
and obtained a total of twenty-four software requirements. 

Finally, these requirements and use cases were used through traceability 
matrices to prove the consistency of the system. 

Design 

This application is divided into the 
following modules, Figure 4. 

 Video Input Module: This module is 
responsible for making the video pre-
processing for further analysis in order to 
manage application performance. 

 Face Detector Module: This module is 
responsible for the detection of the 
students’ faces in the field of view. 

 Face Recognition Module: This 
module is responsible for the recognition of 
faces detected by the previous one. This 
module contains a sub-module that carries 
the student management stored in the 
system. 

 Recovery Module for Active State: 
This module is responsible for resolving the 
status of the student with the help of Socket 
Module and the External Data Base Module. 

 Socket Module: This module handles 
communication with another project that 
uses a Kinect. 

 External Data Base Module: This 
module is responsible for obtaining the status of the student who has another 
project manager. 

 Three-Dimensional Elements Module: This module is responsible for pre-
processing of three-dimensional models to be used in augmented reality. 

 Positioning Module: This module will calculate the spatial position where the 
three-dimensional elements must be positioned. 

 Interface Module: This module is responsible for the visualization of both 
virtual elements such as GUI application. 

 

Implementation 

The implementation of this project was performed using the Microsoft 
development environment Visual Studio 2010 using the MVVM design pattern (Model 
View ViewModel). 

Figure 4 – System Modules 



The first prototype was 
completed in October 2011 with 
the library NyArToolkit augmented 
reality. This prototype allowed the 
recognition of markers and three-
dimensional display elements. 
(Figure 5)  

In February 2012, the 
second prototype was built. This 
prototype use OpenCV library and 
Nokia Qt library and allows face 
detection and recognition. 

This second functional prototype was presented to the group DEI Department 
of Computing Engineering at the Carlos III of Madrid University. 

Finally, the author decided to use Emgu CV and Window Presentation 
Foundation for this project.  

Planning 

Before beginning this project, initial planning was performed using the waterfall 
life cycle variation in the retrofitted. The Figure 6 is the first Gantt chart. 

Id. Nombre de tarea Comienzo Fin Duración
sep 2011 oct 2011 nov 2011 dic 2011 ene 2012 feb 2012 mar 2012 abr 2012 may 2012

11/9 18/9 25/9 2/10 9/10 16/10 23/10 30/10 6/11 13/11 20/11 27/11 4/12 11/12 18/12 25/12 1/1 8/1 15/1 22/1 29/1 5/2 12/2 19/2 26/2 4/3 11/3 18/3 25/3 1/4 8/4 15/4 22/4 29/4 6/5 13/5 20/5 27/5 3/6

3 72,67h09/11/201116/09/2011Estado Inicial

5 26h09/11/201121/10/2011Programación Android

8 6h30/11/201126/11/2011Casos de Uso

9 14h12/12/201102/12/2011Requisitos Software

10 58,67h28/01/201216/12/2011Diseño

11 8h21/12/201116/12/2011Diseño de Arquitectura

4 46,67h20/10/201116/09/2011
Estudio de Librerías de Realidad 
Aumentada

1 2h10/09/201109/09/2011Planificación

2 2h11/09/201110/09/2011Análisis del Problema

6

7

35,33h12/12/201116/11/2011Análisis

10h23/11/201116/11/2011Requisitos Usuario

12

13

17

13h04/01/201226/12/2011Diseño de Componentes

12h28/01/201220/01/2012Diseño de Base de Datos

15

14 66h21/03/201201/02/2012Implementación

15h12/02/201201/02/2012Capa de Datos

18h21/03/201208/03/2012Capa de Presentación

16 21h02/03/201216/02/2012Capa de Negocio

20

19

18 6h30/03/201226/03/2012Pruebas

19h15/04/201201/04/2012Integración

50h27/05/201220/04/2012Documentación

 

Figure 6 – First Planning 

  During the development of the system, several delays arose due to exams and some 
problems in the implementation phase. 

Conclusions and Future Lines 

Conclusions 

Currently, information technologies are more present in the education sector. 
This trend does not appear to be finished. 

Regarding augmented reality, we can say that is a field that has a great 
potential that has not been exploited yet. 

Figure 5 – First Prototype 



Another conclusion that can be obtained is the difficulty of the task of planning 
because of anticipated problems that may arose. A good way to avoid problems in 
planning is to assign extra days for the unexpected complications. 

Personally, this project has helped me to review concepts learned in the last 
four years. In addition, I have been able to research a field I was not really familiar 
with. This has been very useful for my future. 

Future Lines  

This project meets all objectives, but it is also possible to study some 
improvements. One could investigate how to increase the application performance to 
use it on computers with limited resources. You could implement an option to allow 
changing the refresh rate. Another progress would be to consider how to improve 
recognition. 

Acknowlegment 

 This summary has been made from the project by Álvaro Montero Montes. The 
full documentation is available on the library’s website of the Carlos III University. I 
want to thank my family, my teammates and my tutor for giving me encouragement to 
carry out this project. 

  



References 

[1] La revoluciones industriales. Available at: 

http://www.ign.es/espmap/figuras_industria_bach/pdf/Industria_Fig_01_texto.pdf (Accessed 
in June 2012) 

[2] McKeachie, W.J: McKeachie’s Teaching Tips: Strategies, Research, and Theory for College 
and University Teachers, 11th ed., Boston, Mass.: Houghton Mifflin, 2002 

 
[3] Biggs, J. B. and Tang, C.: Teaching for quality learning at university. 3rd ed. Maidenhead: 
Open University Press, 2007 

 
[4] Dubrow, H., & Wilkinson, J. The theory and practice of lectures. In M. Gullette (Ed.), The Art 
and Craft of Teaching (pp. 25-37). Cambridge, MA: Harvard University Press., 1984 

 
[5] Caldwell, JE.: Clickers in the large classroom: current research and best-practice tips. CBE 
Life Sci Educ. 6: 9–2, 2007 10.  

 

[6] Mundy, D.P and Proctor, J: Getting W.I.L.D in the Classroom, In: Proceedings of 3rd Practice 
Based and Practitioner Research Conference, November 2008 11.  

[7] Augmented Reality: A class of displays on the reality-virtuality continuum. Migram, p. H. 
Takemura, 1994 

http://etclab.mie.utoronto.ca/publication/1994/Milgram_Takemura_SPIE1994.pdf 

[8] Beatty, Ian. "Transforming Student Learning with Classroom Communication Systems," 
Educause Center for Applied Research Research Bulletin. Volume 2004, Issue 3 (February 3, 
2004), p. 5. Available at: 

http://net.educause.edu/ir/library/pdf/ERB0403.pdf (Accessed in June de 2012) 

 

http://www.ign.es/espmap/figuras_industria_bach/pdf/Industria_Fig_01_texto.pdf
http://etclab.mie.utoronto.ca/publication/1994/Milgram_Takemura_SPIE1994.pdf
http://net.educause.edu/ir/library/pdf/ERB0403.pdf

