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Abstract

In this article we present the results obtained from a degree work entitled Methodology for the construction of Learning Virtual Objects (OVA,
for their initials in Spanish) supported by technological innovations such as tools of Augmented Reality (AR), for being reused in a virtual
platform of the University of Boyaca; this work is product of an academic activity intended to obtain the Master’s degree in Computational
Systems with Emphasis in Networks and Communications. The main objective of the research was to construct a methodological proposal for
the creation of Learning Virtual Objects, which include in their structure technological innovations such as Augmented Reality tools.

The result of the proposed methodology for the creation of learning objects is based on the study of the most recent advances in this field,
the results of the analysis of some methodological references for the construction of learning virtual objects, the definition of learning object,
the conceptualization of the methodology and its structure, as well as the different phases that compose it. A methodology for the creation of
Learning Objects of the University of Boyaca is then proposed, which can be applied as a general reference for any other education institution,
and which becomes a mediating element supported in a quality control phase that organizes processes and validates information, in order to be
able to publish objects that meet the pedagogical and technical requirements of the new learning standards.

Keywords: AVA, LMS, learning virtual object, augmented reality.

Introduction

New technologies, capable of innovating in the field of education, have caused that human beings be in constant change, because
as technologies evolve, the processes to interact with humanity do the same. For the above, the way of relating tools changes in
search of improving the productivity, both of the individual and of the methodology in the teaching - learning process. Starting
from this principle, one of the paths that points towards the evolution for change in education is augmented reality and its
different applications and service models.

This text presents in its first part an approach to augmented reality by means of features, examples and some free software tools
in the context of higher education. Then, an approximation is made to the pedagogical model of the University of Boyaca, and
how it is articulated to the genesis of a methodology for creating learning virtual objects; specifying as a result the steps that must
be followed to create a learning virtual object, its characteristics, conceptualization, design and construction.

Materials and methods
Augmented Reality

Augmented Reality (AR), defined in figure 1, includes real and virtual objects, which is why it is said that it goes a step beyond
the known virtuality. The mass use of the personal computer and the interaction with the network (Internet) has revolutionized
and placed in evidence the need to improve the communication process between them. The applications of AR have certain
characteristics that make necessary new techniques and interaction devices different from those used in traditional applications
(mouse, keyboard, among others).

Figure 1. Augmented Reality Concept
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These new interaction features allow observers to perceive, in the reality that surrounds them, new elements in 3D that they
can manipulate thanks to the projection of a webcam or supported by some special devices such as helmets or lenses, or vision
devices of Augmented Reality.

This system (see Figure 2) analyzes the image recorded by the video camera in search of a graphic pattern (a black square frame,
with a different design inside it intended to calculate the spatial orientation of the object), starting from the original position that
was recorded by the image. When this pattern is detected, the coordinates of its four corners are analyzed and thanks to the values
of each of those four spatial points placed on a plane, it obtains the position and orientation in the Cartesian space of the camera
that took the image relative to the frame (Kato & Billinghurtst, 2008). With this technology, it is possible that a mechanic can
detect a failure in an engine without having to disassemble it, because by means of the AR, he can appreciate the whole structure
by only highlighting the marked sections in the engine, using a helmet conditioned with video (camera). This is a single example,
since there are multiple applications of AR in industry, simulation, medicine and education among other fields, being limited the
real potential of this technology only to the creativity of the user.

Figure 2. How Augmented Reality works
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Source: Bernal (2012)

Although it is still in its experimental phase, this technique is beginning to be used in educational applications, LO (Learning
Objects), entertainment systems and in technical projects for fluid simulations and industrial design processes.

Analysis of free software tools for the management of augmented reality

Taking into account that one of the differentiating elements in the new learning environments is the inclusion of technological
innovations such as AR (example figure 3), which allow defining a direct or indirect vision of a physical environment of the
real world. The physical reality is not replaced, but it superimposes the computer data to the real world generated by a computer
(Bernal Zamora, 2011).

Figure 3. Augmented Reality as innovation

Source: Bernal (2012)

Therefore, it is essential to select an open source development environment that allows to integrate and develop the thematic
contents of the learning object. Table 1 shows a selection of the main tools and their free software features (Monsalve and
Aponte, 2012) for managing Augmented Reality.
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Table 1. Augmented Reality free tools

Web/appli Compatibil Help/Tuto

Tool Usability . ) . Open code
cation ity rials
ARToolkit Yes Application Yes Yes No
FLARToolkit Yes Application Yes Yes No
BuildAR Yes Application No No
/Web
ATOMIC Yes Application Yes No No
SketchUP Yes Application Yes Yes No
Exflar Yes Web Yes Yes Yes

Development

For the correct development of a methodological proposal for the creation of Learning Virtual Objects that includes within
its structure (APRLO, 2008) technological innovations such as Augmented Reality tools, it is essential that every educational

institution identify and complete the following phases (See Figure 4):

Figure 4. Proposed phases for creating the methodological proposal
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Identification and recognition of the virtual pedagogical model of the University of Boyaca

In (Bernal and Ballesteros, 2014), it is shown the result of the analysis of the virtual pedagogical model of the University
of Boyaca, in which the levels of requirements to be taken into account for the construction of learning virtual objects are:
conceptualization, design, production and distribution, adapted to answer these questions: What does it teach? (Correl and

Montaiiez, 2009), How does it teach? What and how evaluate?



Figure 5. Virtual pedagogical model of the University of Boyaca applied to the creation of OVA.
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Definition of the Learning virtual object for the University of Boyaca

This definition includes the agreement of the professionals in the unit responsible for managing the platform of the University
of Boyaca, as well as the elements or internal structure and their relationship to describe this type of resources (Bernal and
Ballesteros, 2014). In figure 6, it is specified the definition of the learning object of the virtual platform of the institution:
Digital content for educational purposes, composed by: Skills, Scenario or Micro World, Content Structure, Learning Activities
(Borrero, et al., 2009), inclusion of Technological Innovations (Example: Augmented Reality), Active Evaluation and Metadata.

Figure 6. Definition of learning Object for a virtual platform of the University of Boyaca
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Conceptualization of the Methodology for the Development of Learning Objects - UBoa of the University of Boyaca

The integration of LO to the teaching-learning process allows to offer educational contents that respond to specific skills and allows
students to be responsible for their learning; in the same way, it allows teachers to be trained in the use of new technologies. UBoa
becomes a reference when it comes to planning and developing learning virtual objects, contributing an internal organization to
the process, the identification and selection of the skills to develop, as well as the type of cognitive activities and their evaluation
(Bernal and Ballesteros, 2014).

The UBoa methodology becomes a collaborative process that implements learning strategies for E-learning training (Fernandes,
et al., 2008). The objectives of the UBoa methodology are: to make known the different phases of the life cycle, as well as the
basic elements for the creation of the metadata; to implement the structure or organization of content of the LO for the virtual
platform; to incorporate learning activities, active evaluation and technological innovations in the development of LOs; and to
guarantee quality through the implementation of quality control formats in the instructional design and communication design of
the LOs in the different phases of their development.

Taking as reference the life cycle of a software development, the UBoa methodology has been structured taking into account
five phases: Conceptualization, Design, Production, Publication and Quality Control, each one with its respective activities and
specification of results.

e  Conceptualization: part of each one of the skills of each one of the tutors that make up the academic body of the
university, and especially, that material or information collection; the central idea is to transform this content into
learning objects which must be linked to the skills and abilities that students will acquire with the thematic content
proposal. Metadata (see figure 7) allow the location and storage; and in the same way, they allow to comply with the
characteristics (Osorio, Mufioz, Alvarez and Mercado, 2010) inherent to a Learning Virtual Object.

Figure 7. Dublin core metadata implementation by (using) UBoa methodology
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e Design: once conceptualized, it is designed the LO; this phase corresponds in the first instance to understand that
teaching is a complex activity which requires three types of knowledge: Disciplinary, Pedagogical and Technological.
The challenge is to compose these three types of knowledge to balance the competencies that teachers require in order
to consistently integrate technology into teaching.

e  Production: in this phase (figure 8) the author tutor (Montaiiez, Bernal, Sandoval and Ojeda, 2010) must convert and
transform the results obtained in the conceptualization and design phases, in order to build the main architectural
elements of the Learning Object.

e  Distribution: this phase corresponds to the publication or integration of the Learning Object final product of the previous
stages of conceptualization, design and production, using as a learning tool the virtual platform of the University of
Boyaca.

e Quality Control: the quality control phase of the UBoa methodology of the University of Boyaca defines each of the
processes or steps that the authors tutors and the interdisciplinary team of the Virtual Education Vice-rector office must
follow, in order to consolidate a final LO product from a pedagogical view of quality, focused on supporting teaching
and learning mediated by information technologies.

Figure 8. Phases in the production of the UBoa methodology
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The main purpose of this phase is to monitor and control the applications of the LOs by the tutors in both the B_learning and
e_learning modalities, in order to efficiently advise the preliminary conceptualization and design phases (Margain, Mufioz and
Alvarez, 2009), as well as following up on the production phase itself and the final distribution phase of the LO.

Design and construction of learning object - LO_, supported by augmented reality tools, implementing the UBoa
methodology

Once the UBoa methodology is conceptualized and is defined each one of its phases, Conceptualization and Design, Production
and Distribution, the following section describes the design and construction of an LO called: (UB0a001) Learning Object:
Network Topologies.
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The instructional design: For the UBoa methodology, the instructional design covers the phases of Conceptualization and Design.
Once a teacher has made the corresponding request for the creation of their LO, they must complete the corresponding completion
of the instructional design card, which includes 5 information cards corresponding to the Conceptualization and Design phases
of the UBoa methodology:

e Card 1. Identification of the LO

e Card 2. Conceptualization of LO

e Card 3. Generation of LO Metadata

e Card 4. Teaching and Learning Strategies of the LO
e Card 5. Active Evaluation Strategies

The communicational design:

It corresponds to the activity embodied in the instructional design; this action is performed by the teacher with support and
advice from the multidisciplinary group of the vice-rectory office of Virtual Education of the University of Boyaca. Each teacher
is trained in the use and management of the graphic editor of the virtual platform of the University of Boyaca, resulting in a
respective module that applies the methodology; an example can be seen in Figure 9. Each module complies with the structure
according to the UBoa methodology; in Figure 10, the structure of contents can be seen, as an example of Network Topologies
for this case.

Figure 9. Communicational design. OA Presentation. Network Topologies.
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In figure 11, we can see the steps that students must follow, in order to be able to use augmented reality, as a learning activity;
and one that meets the objectives of the methodology.

Figure 11. Communicational design. RA Technological Innovation - OA Network Topologies.

What augmented reality is: Augmented reality consists of a set of devices that add virtual information to
physical information already existing. This is the main difference with virtual reality, since it doesn t substitute
physical reality, but it also overprints informatics data onto the real world. In simpler words, augmented
reality (AR) mixes real with virtual objects.

To test this experience, only three steps are needed.

o E
. h,

A

e Print your marker.

o Turn your computer on and verify internet access. A;%)
e i

.-

e Turn your webcam on.

—
Visit each one of the Topology links and you are ready to have Welea
a “mixed reality” in real time.

Source: Bernal (2012)
Conclusions

This proposed methodology, which is product of a research work, meets the academic and pedagogical standards contemplated in any educational institution;
with this, it is guaranteed its applicability in any virtual platform or LMS.

Regarding augmented reality, the benefits in education have generated a growth in the use of learning platforms. They capture the attention of target groups,
motivating them to participate more actively in the experiences of traditional face-to-face classes, as well as those that take place completely at a distance.

The differentiating factor in the methodological proposal for the construction of learning virtual objects lies in the Quality phase, where the final product
(LO) complies with the minimum requirements endorsed by a quality pedagogical view focused on supporting teaching and learning mediated by information

technologies.

References

APROA. Manual de buenas practicas para el desarrollo de objetos de aprendizaje. Formacion Profesional. Chile, 2008. [Citado 01 de febrero de 2012]. Disponible en: <http://formacionprofesional.homestead.com/
Objetos_de_aprendizaje.pdf>

Bernal Zamora, L. (2011). Spectrumcolombia. Ponencia Congreso Internacional E_learning Cartagena de Indias. [Citado 15 de Junio de 2012]. Disponible en: <http://www.spectrumcolombia.com/congreso_
mundial_unad/index.php?modo=ponencias>

---------- (2012). Metodologia para la construccion de Objetos Virtuales de Aprendizaje (OVA's) apoyados en innovaciones tecnologicas como las herramientas de Realidad Aumentada (AR), para su reutilizacion en
la plataforma virtual de la Universidad de Boyaca: tesis de Maestria, Universidad Metropolitana de Educacion, Ciencia y Tecnologia (UMECIT), Panama.

Bernal Zamora, L. y Ballesteros-Ricaurte, J. (2014). UBoa, un referente metodologico para la construccion de objetos virtuales de aprendizaje. INGE CUC, vol. 10, No. 2, pp 67-75.

Borrero Caldas, M.; Cruz Garcia, E.; Mayorga Muriel, S. y Ramirez Gonzélez, K. (2009). Una metodologia para el disefio de objetos de aprendizaje. Universidad del Valle. [Citado 02 de Febrero de 2012].
Disponible en: <http://objetos.univalle.edu.co/files/articulo AMED.pdf>

Correal Cuervo, R., y Montadez Torres, C. (2009). Educacion Virtual: Practicas transformadoras de los procesos de aprendizaje. Tunja: Ediciones Uniboyaca.

Fernandes Bicudo, S.; Da Silva, L.; Ricardi Léon, I.; Nogueira, T. y Prado, M. (2008). Metodologia para la construccion de objetos de aprendizaje para educacion a distancia. Virtualeduca. Disponible en: <www.
virtualeduca.info/ponencias2009/322/TRABAJO5.doc>

Kato, H. y Billinghurtst, M. (2008). Marker Tracking and HMD Calibration for a Video-based Augmented Reality Conferencing System. Disponible en: <http:/jbbar.zzl.org/documentos/TWAR99 kato.pdf>

Margain Fuentes, M.; Mufioz Arteaga, J. y Alvarez Rodriguez, F. (2009). Metodologia de aprendizaje colaborativo fundamentada en patrones para la produccion y uso de objetos de aprendizaje. Investigacion y
Ciencia - Universidad Autonoma de Aguascalientes. No. 44. Disponible en: <http://www.uaa.mx/investigacion/revista/archivo/revista44/Articulo%204.pdf>

Monsalve Pulido, J. y Aponte Novoa, F. (2012). MEDEOVAS — Metodologia de Objetos Virtuales de Aprendizaje. LACLO — 2012, Séptima Conferencia Latinoamericana de Objetos y Tecnologias de Aprendizaje.

Disponible en: <www.laclo.org/papers/index.php/laclo/article/view/19>

Montaiiez Torres, C., Bernal Zamora, L., Sandoval Valero, E. y Ojeda Cortés, J. (2010). Metodologia para disefiar contenidos en linea usando esquemas con herramientas sociales en un campus virtual. Revista
Cognicion 28. Disponible en: <http://www.cognicion.net/index2.php?option=com_content&do_pdf=1&id=334>
Osorio Urrutia, B., Mufioz Arteaga, J., Alvarez Rodriguez, F. y Mercado, C. (2010). Metodologia para elaborar Objetos de Aprendizaje e integrarlos a un Sistema de Gestion de Aprendizaje. Colombia Aprende.

Disponible en: <http://www.colombiaaprende.edu.co/html/mediateca/1607/articles-172721 _archivo.pdf>

Sophia 14 (1) 2018




