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Abstract

Augmented reality is an emerging technology that is increasingly being integrated into the
educational system. In addition, numerous investigations highlight its benefits for learning such
as: mixed reality recreation, real-time integration, incorporation of information from different
sources (video, 3D, audio, web pages, etc.). In this sense, this work presents the results of the
Rafodiun Project (Augmented Reality to Increase Training. Design, Production and Evaluation
of Augmented Reality Programs for University Training), financed by the Ministry of Economy
and Competitiveness of the Government of Spain in 2017. In it, it is intended to analyze the
educational possibilities that augmented reality can have for university training contexts. This
analysis is carried out from different perspectives, both technological-instrumental, educational,
design of training environments, and of students as augmented reality content producers. The
results demonstrate the possibilities and potential that augmented reality offers for the learning
of students and university professors (men and women) in different areas. In the same way,
predictive models of the acceptance of this technology in the classroom (technology acceptance
model [TAM]) are consolidated. Based on the previous lines, the applicability of augmented
reality in the university classroom is discussed, as well as the necessary training of teachers in
creating, editing and modifying objects and materials in augmented reality.
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Extracto

La realidad aumentada es una tecnologia emergente que se esta integrando cada vez mas
en el sistema educativo. Ademas, numerosas investigaciones destacan sus beneficios para
el aprendizaje en realidad mixta, integracion en tiempo real, incorporacién de informacion de
diferentes fuentes (video, 3D, audio, paginas web, etc.). En este sentido, este trabajo presen-
ta los resultados del Proyecto Rafodiun (Realidad Aumentada para Aumentar la Formacion.
Disefio, Produccién y Evaluacién de Programas de Realidad Aumentada para la Formacién
Universitaria), financiado por el Ministerio de Economia y Competitividad del Gobierno de
Espafa en el afo 2017. En él se pretende analizar las posibilidades educativas que puede
tener la realidad aumentada para contextos de formacion universitaria. Este analisis se efectia
desde diferentes perspectivas tanto tecnolégicas-instrumentales como educativas, de disefio
de entornos formativos y del alumnado como productor de contenidos en realidad aumentada.
Los resultados demuestran las posibilidades y potencialidades que ofrece la realidad aumen-
tada para el aprendizaje del alumnado y del profesorado universitario (hombres y mujeres)
en diferentes areas. De la misma forma, se consolidan modelos predictivos de la aceptacion
de esta tecnologia en el aula (technology acceptance model [TAM]). En funcion de las lineas
anteriores, se discute la aplicabilidad de la realidad aumentada en el aula universitaria, asi
como la necesaria formacién del profesorado en creacién, ediciéon y modificacién de objetos
y materiales en realidad aumentada.

Palabras clave: realidad aumentada; ensefianza universitaria; tecnologias emergentes; competen-
cia digital; formacién del profesorado; tecnologia educativa; technology acceptance model (TAM).
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1. Introduction

The augmented reality is a technology that facilitates the combination of digital informa-
tion and physical information in real time through different technological supports, such as
tablets and smartphones (Cabero Almenara and Barroso Osuna, 2016; Cabero Almenara
and Garcia Jiménez, 2016; Johnson et al., 2016).

We can consider augmented reality among the so-called emerging technologies, con-
textualized by Sosa-Jiménez et al. (2018) as those «resources, artifacts, tools, concepts and
innovations, associated with the digital, that have the disruptive power to transform or ge-
nerate changes in the processes where they are used regardless of whether these are new
or old technologies» (p. 129). We are facing a technology that, due to what was previously
mentioned, presents great possibilities in the educational field (Cabero Almenara et al.,
2018; Yip et al., 2019), by substantially increasing and reducing the possibilities of access to
information. We must bear in mind that this technology allows access to information using
mobile devices, the use of which is fully standardized among university students in the Ibero-
American context (Vazquez Cano and Sevillano-Garcia, 2018).

As far as its defining characteristics are concerned, they can be specified as: being a
mixed reality, integrated in real time, incorporating information from different sources (video,
3D, audio, web pages, etc.), being interactive and offering different levels of interaction and
enriches or alters the information of the physical reality where it is integrated.

Regarding their educational possibilities, according to the indications of different authors,
they can be grouped into the following: a) exclusively present the relevant information, elimi-
nating that which may hinder its acquisition by the student; b) enrich the information of rea-
lity to make it more understandable; c) being able to observe an object from different points
of view, selecting the moment and position of observation by the student; d) can be used
at different levels of education; €) enhances ubiquitous learning; f) favors the development
of active learning; g) creates highly motivating training scenarios for students as they expe-
rience and interact with virtual and auditory elements; h) create safe «artificial» scenarios for
students, such as laboratories or simulators, where they can carry out their teaching practi-
ces; i) enrich printed materials for students with additional information in different media; j)
can be used in different subjects and disciplines; k) encourage students to become produ-
cers of learning objects in augmented reality; ) can improve divergent processing; and m)
the subject remains in the real world and therefore does not lose contextualization (Barba
Vera et al., 2015; Cabero Almenara and Barroso Osuna, 2016; Cubillo Arribas et al., 2014;
Fonseca Escudero et al., 2016 Han et al., 2015; Jerabek et al., 2014; Prendes Espinosa,
2015; Roda-Segarra et al., 2022; Santos et al., 2016).
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Although the vast majority of research on the educational use of augmented reality is of
a recent nature, in recent times different works have been carried out that have provided
different findings to justify its incorporation into educational practice. Thus, some have fo-
cused on analyzing the degree of satisfaction that students showed after participating in
training experiences with learning objects in augmented reality (Barroso Osuna and Gallego
Pérez, 2017; Cabero Almenara et al., 2016; Fonseca Escudero et al., 2016; George Reyes,
2020; Han et al., 2015; Hsu et al., 2017; Joo Nagata et al., 2017; Marin-Diaz and Sampedro-
Requena, 2020; Pérez-Lépez, 2015; Rodriguez Hernandez et al., 2016). In this sense, the
results are conclusive: students show high levels of satisfaction when they participate in this
type of experience. This is independent of the level of studies at which the experience was
carried out and of the curricular contents on which it dealt.

To a certain extent related to what was mentioned above, research has tended to indicate
that carrying out experiences in augmented reality increases student motivation (Barba Vera
et al., 2015; Bicen and Bal, 2016; Cheng, 2017; Chiang et al., 2014; L6pez-Belmonte et al.,
2019; Marin-Diaz and Sampedro-Requena, 2020; Nielsen et al., 2016). This is explained
by different reasons that range from the possibility it offers to represent content in various
ways, enriching books and notes with audiovisual and multimedia documents, specifying
information, and allowing students to interact with objects. This has been found in students
at different educational levels: kindergarten and nursery school (Han et al., 2015), primary
school (Pérez-Lopez and Contero, 2013), and university students (Barba Vera et al., 2015;
Barroso Osuna and Gallego Pérez, 2017).

On the other hand, different studies have shown that the use of learning objects in aug-
mented reality improves the intelligence and spatial abilities of students (Lee et al., 2016),
spatial orientation (Carbonell Carrera and Bermejo Asensio, 2017), and visual comprehen-
sion (Alvarez-Marin et al., 2017; Lopez-Cortés et al., 2021).

Regarding the improvement obtained in student performance, the results found vary
between those that indicate their improvement (AIvarez—Marin etal., 2017; Lin et al., 2013;
Pedraza Caballero and Valbuena Duarte, 2014; Santos et al., 2016; Toledo Morales and San-
chez Garcia, 2017), and those who indicate that it is not affected or that learning decrea-
ses (Hofmann and Mosemghvdlishvili, 2014; Pérez-L6épez, 2015; Santos et al., 2016). This
is explained by several reasons: the worse performance of augmented reality applications
on mobile phones currently available, since some of them require a lot of capacity, the exis-
ting Wi-Fi connectivity in educational centers, and the cognitive disorientation suffered by
certain subjects when interacting with objects in augmented reality.

One of the possibilities of incorporating augmented reality in training is in the form of
books and notes enriched with augmented reality objects, which consists of specific parts
of traditional physical books being used as an interface or bookmarks to augment their con-
tents virtually. Books and notes on different investigations have been carried out that have
indicated that students perceive them with less cognitive load, greater motivation, and more
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positive attitudes when they have had experiences of interaction with this type of material
and improved performance (Cheng, 2017; Ferrer Torregrosa et al., 2016; Martin-Gutiérrez,
2015; Nadolny, 2016; Villalustre Martinez, 2020).

It should also be noted that, within the educational uses of augmented reality, the possi-
bility that it offers in tele-training and e-learning teaching situations is beginning to be con-
templated (Reinoso, 2016). To conclude, indicate two limitations for its incorporation in the
teaching-learning processes: the lack of conceptual references and theoretical justification
and the lack of research (Alkhattabi, 2017; Bower et al., 2014; Cabero-Almenara et al., 2020,
2021; Nielsen et al., 2016; Saidin et al., 2015).

In any case, even acknowledging the lack of theoretical coverage to justify its incorpo-
ration of technologies, proposals for its use are being carried out based on the idea that
incorporation solutions cannot reside in a single educational paradigm, but rather a mix-
ture of pedagogical approaches (Bower et al., 2014; Rasimah et al., 2011; Tarng and Ou,
2012). In this sense, constructivist learning, situated learning, inductive learning, and game-
based learning. On the other hand, the theory of variation initially formulated by Mazur
(1997) suggests that enriching learning situations are those that put the student in a si-
tuation where he must experiment or analyze to change his initial conception, can provide
clues and suggestions for its educational use.

It would be good to end this section by pointing out the two elements of Cuendet (2013):

e The proposed augmented reality system should be flexible enough for the teacher
to adapt it to the needs of their students.

e The implemented augmented reality system should consider the restrictions pre-
sent in the educational context to which it is applied.

2. Objetives of Rafodiun

Augmented Reality to Increase Training. Design, Production and Evaluation of Augmented
Reality Programs for University Training (Rafodiun) is a project financed by the Ministry of Eco-
nomy and Competitiveness (EDU2014-57446-P) that pursues the following main objectives:

e Evaluate the possibilities and potential offered by different software used for the
creation of technological environments under the augmented reality architecture
to be used in university training contexts.

e Design and produce different contents in augmented reality format to be applied
in contexts of university education in different curricular areas and evaluate its
possibilities for student performance.
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e Know the degree of motivation and level of satisfaction that arouses in university stu-
dents the fact of participating in training experiences supported by augmented reality.

e Know the educational possibilities that allow the student to become a producer
of training experiences supported by augmented reality.

¢ Investigate the technical, curricular, and organizational difficulties that augmented
reality could have to be applied to university training contexts.

In summary, the aim is to analyze the educational possibilities that augmented reality can
have for university training contexts. This analysis is carried out from different perspectives,
both technological-instrumental, educational, design of training environments, and the stu-
dent as producer of augmented reality content.

To achieve the above objectives, different types of research are carried out, which are
presented below.

3. Method and results

3.1. Analysis of the possibilities and potential offered by different
types of software

For the analysis of the possibilities and potential offered by different types of software to
produce objects in augmented reality, an «expert judgment» is carried out. For their selec-
tion, a series of previous premises are carried out, such as: having professional experience
in fields related to educational technology and the application of information and communi-
cation technologies to educational contexts; have work experience in the field of educational
production of educational resources in general, and in augmented reality learning objects in
particular; belong to research groups in educational technology; be from different Spanish and
Latin American universities; have previously collaborated in other research projects or in pu-
blications that would allow a prior assessment of their seriousness and professionalism; and
have some link with the Rafodiun project. For their selection, two steps were followed: first, a
massive selection was made considering the aforementioned criteria. Second, the so-called
«coefficient of expert competence» is obtained (Cabero Almenara and Barroso Osuna, 2013).

The evaluation is carried out by means of a questionnaire presented by the main existing
software and regarding which they were asked about a series of dimensions:

e The degree of technical knowledge that they consider that a user must have to
manage the program, in a scale of 0 (no need to have knowledge) to 10 (to have
strong technological knowledge).
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e Accessibility/ease of navigation and getting around the program on a scale of 0
(easy to navigate) to 10 (very complicated to handle),

e The possibility of incorporating different materials (videos, printed documents,
3D, etc.) offered by the program on a scale of 0 (allow very few types of mate-
rials) to 10 (allows wide range of materials).

e The ease of use by teachers and students of the program for the production of
learning objects offered by the program on a scale of 0 (very difficult to use) to 10
(very easy to use).

The questionnaire is built with the Google Forms tool, and is administered via the inter-
net. It was answered by 220 experts, of which, applying the aforementioned coefficient, 104
remained, who were the only ones who obtained scores of 0.8 or higher.

3.2. Design and produce different contents in augmented reality

To achieve this goal, different types of learning objects are built for different disciplines
and areas of knowledge, ranging from medicine, pedagogy, musical expression, fine arts, and
architecture, and which belonged to curricular content that was taught in subjects of these
disciplines. These objects can be seen at the following address: https://grupotecnologiaedu
cativa.es/proyectorafodiun/index.php/objetos-en-ra. In figure 1, some of them are presented.

Figure 1. Images of different objects produced in augmented reality

Source: https://grupotecnologiaeducativa.es/proyectorafodiun/index.php/objetos-en-ra
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To produce these objects, different computer programs are used, some of which we pre-
sent in table 1, indicating at the same time the functions assigned to them.

Table 1. Programs used to produce the objects

Metaio Creator
Metaio SDK

Eclipse

Xcode

Adobe After Effects

Photoshop

Macromedia Fireworks

FFmpeg

Microsoft PowerPoint

Augmented reality programming.
Augmented reality software development kit.

Java development environment.
Export apk for Android.

Java development environment.
Export ipa for iOS.
Upload to the app store.

Video and sound postproduction.
Chroma and key light.

Image postproduction.
Graphics.
Photomerge.

3D textured.

Image postproduction.
Graphics.

Programming on the codec for exporting 3g2 videos.
Augment reality.

Buttons in video format with transition effects.

Notepad ++ Professional text editor for code retouching.
Metaio Toolbox 3D based marker extraction.

Autocatch Photogrammetry.

Artec-Studio 3D scan.

Astrum Windows installer creator.

Source: own elaboration.
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With these objects, different studies are carried out, measuring the different variables
with the instruments presented in table 2.

Table 2. Information collection instruments

Academic performance. Ad hoc instrument, with multiple choice test construction, and used
under the pretest-posttest modality.

Technology acceptance level. TAM model (Davis, 1989).
Motivation. Instructional material motivational survey (IMMS) (Keller, 2010).

Evaluation of augmented reality Ad hoc instrument with Likert-type construction.
objects by students.

Source: own elaboration.

The reliability of the instruments is obtained through the application of Cronbach's alpha
statistic, reaching the values that we present below: TAM model (0.942), IMMS (0.940), and
assessment of augmented reality objects by students. Values that, according to the propo-
sals of different authors (Mateo Andrés, 2004; O'Dwyer and Bernauer, 2014), can be con-
sidered high or very high.

The design used for the analysis of the degree of acceptance of the technology by the
student, the design that we used was generated from the TAM model generated by Davis
(1989), the model indicates that the attitude or predisposition that we have regarding the
intention of the use of a technology is fixed by two variables: the perceived usefulness and
perceived ease of use, with repercussions on the intention of its use by the student. This
allows us to contrast different such as the following:

e H1-H2-HS3. The perception of the technical quality of the augmented reality object
produced can positively and significantly affect the perception of enjoyment, the
perception of ease and the technical quality of using augmented reality learning
objects.

e H4-H5-H6. The gender of the subject can positively and significantly affect the
perception of enjoyment, the perception of ease and the technical quality of using
learning objects in augmented reality.

e H7-H8-H10. The perception of ease of use can positively and significantly affect
the perception of enjoyment, the perceived usefulness, and the attitudes of use
of learning objects in augmented reality.
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e H9-H14-H15-H16. The perceived usefulness of using learning objects in augmen-
ted reality can positively and significantly affect the perception of enjoyment, the
attitude towards use, the intentions of use and the academic performance achie-
ved by students in the use of objects. Learning in augmented reality.

e H11-H12-H13. The perception of enjoyment can positively and significantly affect
the attitudes of using learning objects in augmented reality, the intentions of use
and the academic performance achieved by students in the use of learning ob-
jects in augmented reality.

e H17. The attitude towards use can positively and significantly affect the intention
to use learning objects in augmented reality.

e H18. The intention to use augmented reality objects can positively and significantly
affect the academic performance achieved by students in the use of augmented
reality learning objects.

In the case of the designs, that were used regarding motivation. Note that the designs
were replicated with the different augmented reality objects produced that corresponded to
different areas of knowledge, in different faculties and universities.

For the production of learning objects in augmented reality, the students learned different
programs: Augment, Aurasma, Quiver and Chromville. The students were presented with
three program topics of the subject, so that, on one of them, and organized by groups, they
had to elaborate on them the learning object in augmented reality. The contents offered were
Web 2.0, emerging technologies and the role of teachers and students in new technological
environments. The objects made by the students were designed using 2D images as markers
and included digital content in video format and mainly web links; that is to say, the produc-
tions they made could be classified in what is called «notes enriched with augmented reality
objects». The degree of acceptance that the experience of producing objects in augmented
reality aroused in the students, motivation and academic performance were analyzed (figure 2).

Figure 2. Production of augmented reality objects by students

=
X 3
g

Source: own elaboration.
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4. Conclusions

The different investigations that we have carried out through the Rafodiun Project allow
us to point out some ideas for the use and incorporation of augmented reality in teaching-
learning situations:

e Students have shown high levels of satisfaction when participating in interac-
tion experiences with augmented reality objects, as well as a high degree of ac-
ceptance of the technologies involved in the study. In this sense, our results go
in the direction of the findings found by other authors (Cheng et al., 2013; Ho
etal.,2013; Kim et al., 2016; Marin-Diaz and Sampedro-Requena, 2020; Park et al.,
2012; Tarhini et al., 2014; Villalustre Martinez, 2020; Wojciechowski and Cellary,
2013; Yong et al., 2010). At the same time, it should be noted that the technology
acceptance model formulated by Davis (1989) has been shown to be effective in
knowing the degree of acceptance of augmented reality technologies by students,
and as an element to determine future intention of use by them.

e The use of augmented reality is possible in different scientific disciplines, the re-
sults found have been identical in the different areas of knowledge where the stu-
dies have been carried out. Specifically, these were carried out in the areas of
education sciences, medicine, fine arts, architecture, music, and engineering.

e The studies carried out reveal three aspects:

— Participation in augmented reality experiences increases the motivation of
students measured through the IMMS and the different dimensions that
make it up (confidence, attention, satisfaction, and relevance).

— Have found a significant relationship between the degree of motivation and
increased performance, the higher the motivation (confidence, attention,
satisfaction and relevance), the higher the performance or recall of the in-
formation obtained. Similarly, a significant and positive relationship was
obtained between motivation and the evaluation made of the objects.

— The motivation shown is higher when they become producers.

e Students can become resource producers.
e After participating in experiences, students tend to show a high level of intention to use.

e The expert judgment allowed to identify the ten most common programs for the
production of objects in augmented reality: Arlab, Armedia, Arpa, ARToolKit, Au-
rasma, Blippar, Designers ARToolKit, Layar, Vuforia and Wikitude. Of these, the
three programs that were rated as requiring more technical knowledge for poten-
tial users were: Designers ARToolKit, Vuforia and ARToolKit; the three with more
navigation complication: Arlab, Designers ARToolkit and Vuforia; the three that
allow incorporating a greater number of resources: Vuforia, Vuforia and Layar; and
those that are easier for users to use: Aurasma, Blippar and Arlab.
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The students valued the objects produced, different principles for the design of
materials can be obtained from them. The requirements that objects in augmen-
ted reality must meet to be used from an educational point of view must be:

— Brief and direct content modules: according to the characteristics of tablets
and smartphones to access educational resources and their main advan-
tage of operating on demand (at any time and place), it is recommended
the design of modules of short duration that do not exceed 5 minutes.

— Flexibility and simplicity: the differences in student abilities in ICT-related
topics must be taken into consideration to adapt the contents for a suc-
cessful teaching process

— Accessibility and error tolerance: the activities generated must have an in-
tuitive interface that allows quick correction of errors related to navigation
and use of the device.

— Multimedia: augmented reality is one more resource that must be related
to other integrated elements such as audio, video, images, considering the
aspects of flexibility and synthesis mentioned above.

Action-oriented: tablets and smartphones are not the goal of the educational pro-
cess; therefore, the methodology must be practical and interactive.

Communication and visibility: the portability and connectivity of these devices should
lead to the creation of collaborative activities and allow the possibility of sharing
the contributions generated in the learning process.

In constant renewal and updating: the contents used in m-learning and that are di-
rectly related to the use of augmented reality must refer to the methodology used,
since mobile devices and their software systems are in rapid evolution, incorpora-
ting improvements that can be transferred to the proposed educational process.

The results agree with those achieved in other studies carried out in our context
(Garay Ruiz, Tejada Garitano and Castafo Garrido, 2017; Garay Ruiz, Tejada Ga-
ritano and Maiz Olazabalaga, 2017).

Adapted to the characteristics of the devices: not all devices are the same and
differ in processing power, size, sensors, memory, etc. (Cabero-Almenara et al.,
2022). Each activity devised must be adapted to the different types of hardware
and software for the educational process to be successful).

Improve performance.

The modality of books and notes enriched with augmented reality objects offers
many possibilities to be incorporated into university education. The results found
have shown that its use improves learning and awakens a true degree of accep-
tance of technology by students and the objects produced are valued positively
by students. Our work also allows us to point out that augmented reality-enriched
notes are perceived by students as easy and flexible to use, showing at the same
time a true intention to use them in their training.
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Finally, indicate that our study indicates that from an operational point of view it is ne-
cessary to provide instructions for handling the object, for students, as the guide/tutorial

that was developed in our case.

Regardless of these findings for the educational use of augmented reality, we found
others that were more related to the reliability and usefulness of the instruments used and

the designs used.

Bibliographic references

Alkhattabi, M. (2017). Augmented reality as
e-learning tool in primary schools' education:
barriers to teachers' adoption. International
Journal of Emerging Technologies in Lear-
ning, 12(2), 91-100. https://doi.org/10.3991/
jet.v12i02.6158

Alvarez-Marin, A., Castillo-Vergara, M., Pizarro-
Guerrero, J. y Espinoza-Vera, E. (2017).
Realidad aumentada como apoyo a la for-
macion de ingenieros industriales. Forma-
cion Universitaria, 10(2), 31-42. http://dx.doi.
0rg/10.4067/50718-50062017000200005

Bacca, J., Baldiris, S., Fabregat, R., Graf, S. and
Kinshuk, G. (2014). Augmented reality trends
in education: a systematic review of research
and applications. Educational Technology &
Society, 17(4), 133-149.

Barba Vera, R. G., Yasaca Pucuna, S. and Mano-
salvas Vaca, C. (2015). Impacto de la realidad
aumentada maovil en el proceso ensefanza-
aprendizaje de estudiantes universitarios del
area de medicina. In Asociacion Interuniver-
sitaria de Investigacion Pedagdgica (AIDIPE),
Investigar con y para la Sociedad (Vol. 3, pp.
1.411-1.420). Bubok Publishing.

Barroso Osuna, J. M. and Gallego Pérez, O. M.
(2017). Produccion de recursos de aprendi-
zaje apoyados en realidad aumentada por
parte de estudiantes de magisterio. EDME-
TIC. Revista de Educacion Mediatica y TIC,
6(1), 23-38. https://doi.org/10.21071/edme-
tic.v6i1.5806

Bicen, H. and Bal, E. (2016). Determination
of student opinions in augmented reality.

World Journal on Educational Technology:
Current Issues, 8(3), 205-209. https://doi.
org/10.18844/wjet.v8i3.642

Bower, M., Howe, C., McCredie, N., Robinson,
A. D. and Grover, D. (2014). Augmented rea-
lity in education-Cases, places and poten-
tials. Educational Media International, 51(1),
1-15. http://dx.doi.org/10.1080/09523987.
2014.889400

Cabero Almenara, J. and Barroso Osuna, J.
(2013). La utilizacién del juicio de experto
para la evaluacion de TIC: el coeficiente de
competencia experta. Borddn, 65(2), 25-38.

Cabero Almenara, J. and Barroso Osuna, J.
(2016). The educational possibilities of aug-
mented reality. NAER. New Approaches in
Educational Research, 5(1), 44-50. https://
doi.org/10.7821/naer.2016.1.140

Cabero-Almenara, J., Barroso-Osuna, J. and
Martinez-Roig, R. (2021). Mixed, augmented
and virtual, reality applied to the teaching of
Mathematics for architects. Applied Science,
11(15), 1-16. https://doi.org/10.3390/app11
157125

Cabero Almenara, J. and Garcia Jiménez, F.
(2016). Realidad aumentada: tecnologia para
la formacion. Sintesis.

Cabero Almenara, J., Garcia Jiménez, F. and
Arroyo Fernandez, C. (2016). La produccion
de objetos de aprendizaje en realidad aumen-
tada para la formacion universitaria en el SAV
de la Universidad de Sevilla. Octaedro.

Cabero-Almenara, J., Guillén-Gamez, F. D.,
Ruiz-Palmero, J. and Palacios-Rodriguez, A.

150 | Tecnologia, Ciencia y Educacion, 23 (septiembre-diciembre 2022), pp. 137-154


https://doi.org/10.3991/ijet.v12i02.6158
https://doi.org/10.3991/ijet.v12i02.6158
http://dx.doi.org/10.4067/S0718-50062017000200005
http://dx.doi.org/10.4067/S0718-50062017000200005
https://doi.org/10.21071/edmetic.v6i1.5806
https://doi.org/10.21071/edmetic.v6i1.5806
https://doi.org/10.18844/wjet.v8i3.642
https://doi.org/10.18844/wjet.v8i3.642
http://dx.doi.org/10.1080/09523987.2014.889400
http://dx.doi.org/10.1080/09523987.2014.889400
https://doi.org/10.7821/naer.2016.1.140
https://doi.org/10.7821/naer.2016.1.140
https://doi.org/10.3390/app11157125
https://doi.org/10.3390/app11157125

aportaciones académicas

(2022). Teachers' digital competence to
assist students with functional diversity: iden-
tification of factors through logistic regres-
sion methods. British Journal of Educational
Technology, 53(1), 41-57. https://doi.org/10.
1111/bjet. 13151

Cabero Aimenara, J., Horra Villacé, |. de la and
Sénchez Bolado, J. (Coords.). (2018). La
realidad aumentada como herramienta edu-
cativa. Paraninfo.

Cabero-Almenara, J., Romero-Tena, R. and Pala-
cios-Rodriguez, A. (2020). Evaluation of tea-
cher digital competence frameworks through
expert judgement: the use of the expert com-
petence coefficient. Journal of New Approa-
ches in Educational Research, 9(2), 275-293.
https://doi.org/10.7821/naer.2020.7.578

Carbonell Carrera, C. and Bermejo Asensio,
L. A (2017). Landscape interpretation with
augmented reality and maps to improve spa-
tial orientation skill. Journal of Geography in
Higher Education, 41(1), 119-133. https://
doi.org/10.1080/03098265.2016.1260530

Chang, H.-Y., Wu, H.-K. y Hsu, Y.-S. (2013).
Integrating a mobile augmented reality acti-
vity to contextualize student learning of a
socioscientific issue. British Journal of Edu-
cational Technology, 44(3), E95-E99.

Cheng, K.-H. (2017). Reading an augmented
reality book: an exploration of learners' cogni-
tive load, motivation, and attitudes. Australa-
sian Journal of Educational Technology, 33(4),
53-69. https://doi.org/10.14742/ajet.2820

Cheng, Y.-M., Lou, S.-J., Kuo, S.-H. and
Shih, R.-C. (2013). Investigating elementary
school students’ technology acceptance by
applying digital game-based learning to envi-
ronmental education. Australasian Journal of
Educational Technology, 29(1), 96-110.

Chiang, T. H. C., Yang, S. J. H. and Hwang,
G.-J. (2014). Students' online interactive pat-
terns in augmented reality-based inquiry acti-
vities. Computers & Education, 78(2) 97-108.
http://dx.doi.org/10.1016/j.compedu.2014.
05.006

Expanding the virtual universe of university
students. Educational use of augmented reality and
contributions of Rafodiun Project

Cubillo Arribas, J., Martin Gutiérrez, S., Cas-
tro Gil, M. and Colmenar Santos, A. (2014).
Recursos digitales autébnomos mediante rea-
lidad aumentada. RIED. Revista Iberoameri-
cana de Educacion a Distancia, 241-274.

Cuendet, S., Bonnard, Q., Do-Lenh, S. and
Dillenbourg, P. (2013). Designing augmen-
ted reality for the classroom. Computers &
Education, 68,557-569. http://dx.doi.org/10.
1016/j.compedu.2013.02.015

Cupani, M. (2012). Andlisis de ecuaciones es-
tructurales: conceptos, etapas de desarrollo
y un ejemplo de aplicacion. Revista Tesis, 1,
186-199.

Davis, F. (1989). Perceived usefulness, percei-
ved ease of use, and user acceptance of
information technology. MIS Quarterly, 13(3),
319-340.

Ferrer Torregrosa, J., Jiménez Rodriguez, M. A,
Torralba Estellés, J. and Garcia Escudero,
M.2 (2016). La realidad aumentada. Nuevas
tecnologias en la formacién de graduados
en podologia. In A. I. Allueva Pinilla and J.
L. Alejandre Marco (Coords.), Simbiosis del
aprendlizaje con las tecnologias: experiencias
innovadoras en el ambito hispano (pp. 147-
160). Prensa de la Universidad de Zaragoza.

Fonseca Escudero, D., Redondo Dominguez,
E. and Valls, F. (2016). Motivacion y mejora
académica utilizando realidad aumentada
para el estudio de modelos tridimensiona-
les arquitectonicos. EKS. Education in the
Knowledge Society, 17(1), 45-64.

Garay Ruiz, U., Tejada Garitano, E. and Castafio
Garrido, C. (2017). Percepciones del alum-
nado hacia el aprendizaje mediante obje-
tos educativos enriquecidos con realidad
aumentada. EDMETIC. Revista de Educa-
cion Mediatica y TIC, 6(1), 145-164.

Garay Ruiz, U., Tejada Garitano, E. and Maiz
Olazabalaga, I. (2017). Valoracion de obje-
tos educativos enriquecidos con realidad
aumentada: una experiencia con alumnado
de master universitario. Pixel-Bit. Revista de
Medlios y Educacion, 50, 19-31.

Tecnologia, Ciencia y Educacion, 23 (septiembre-diciembre 2022), pp. 137-154 | 151


https://doi.org/10.1111/bjet.13151
https://doi.org/10.1111/bjet.13151
https://doi.org/10.7821/naer.2020.7.578
https://doi.org/10.1080/03098265.2016.1260530
https://doi.org/10.1080/03098265.2016.1260530
https://doi.org/10.14742/ajet.2820
http://dx.doi.org/10.1016/j.compedu.2014.05.006
http://dx.doi.org/10.1016/j.compedu.2014.05.006
http://dx.doi.org/10.1016/j.compedu.2013.02.015
http://dx.doi.org/10.1016/j.compedu.2013.02.015

J. Barroso-Osuna y A. Palacios-Rodriguez

George Reyes, C. E. (2020). Percepcién de es-
tudiantes de bachillerato sobre el uso de
Metaverse en experiencias de aprendizaje
de realidad aumentada en matematicas.
Pixel-Bit. Revista de Medlios y Educacion, 58,
143-159. https://doi.org/10.12795/pixel
bit.74367

Han, J., Jo, M., Hyun, E. and So, H.-J. (2015).
Examining young children's perception
toward augmented reality-infused drama-
tic play. Education Technology Research
Development, 63, 455-474.

Ho, L.-H., Hung, C.-L. and Chen, H.-C. (2013).
Using theoretical models to examine the
acceptance behavior of mobile phone mes-
saging to enhance parent-teacher interac-
tion. Computers & Education, 61, 105-114.
http://dx.doi.org/10.1016/j.compedu.2012.
09.009

Hofmann, S. and Mosemghvdlishvili, L. (2014).
Perceiving spaces through digital augmen-
tation: an exploratory study of navigational
augmented reality apps. Mobile Media &
Communication, 2(3) 265-280. https://doi.
0rg/10.1177%2F2050157914530700

Hsu, Y.-S, Lin, Y.-H. and Yang, B. (2017). Impact
of augmented reality lessons on students'
STEM interest. Research and Practice in
Technology Enhanced Learning, 12(2), 1-14.
https://doi.org/10.1186/s41039-016-0039-z

Jerdbek, T., Rambousek, V. and Widova, R.
(2014). Specifics of visual perception of the
augmented reality in the context of educa-
tion. Procedia-Social and Behavioral Scien-
ces, 159, 598-604.

Johnson, L., Adams Becker, S., Cummins, M.,
Estrada, V., Freeman, A. and Hall, C. (2016).
NMC Horizon Report: 2016. Higher Educa-
tion Edition. The New Media Consortium.

Joo Nagata, J., Martinez Abad, F. and Garcia-
Bermejo Giner, J. R. (2017). Realidad
aumentaday navegacion peatonal moévil con
contenidos patrimoniales: percepcion del
aprendizaje. RIED. Revista Iberoamericana
de Educacion a Distancia, 20(2), 93-118.
http://dx.doi.org/10.5944/ried.20.2.17602

Keller, J. M. (1987). Strategies for stimulating the
motivation to learn. Performance and Ins-
truction, 26(8), 1-7.

Keller, J. M. (2010). Motivational design for lear-
ning and performance. Springer.

Kerlinger, F. N. and Lee, H. B. (2002). Investiga-
cion del comportamiento: métodos de inves-
tigacion en las ciencias sociales. McGraw-Hill.

Kim, K., Hwang, J. and Zo, H. (2016). Unders-
tanding users' continuance intention toward
smartphone augmented reality applications.
Information Development, 32(2), 161-174.

Lee, I.-J., Chen, C.-H. and Chang, K.-P. (2016).
Augmented reality technology combined with
three-dimensional holography to train the
mental rotation ability of older adults. Compu-
ters in Human Behavior, 65, 488-500. http://
dx.doi.org/10.1016/j.chb.2016.09.014

Lin, T.-J., Been-Lim Duh, H., Li, N., Wang, H.-Y.
and Tsa, C.-C. (2013). An investigation of
learners' collaborative knowledge construc-
tion performances and behavior patterns
in an augmented reality simulation system.
Computers & Education, 68, 314-321.

Liu, T.-Y. (2009). A context-aware ubiquitous
learning environment for language listening
and speaking. Journal of Computer Assisted
Learning, 25, 515-527.

Lépez Belmonte, J., Pozo Sanchez, S. and
Lopez Belmonte, G. (2019). La eficacia de la
realidad aumentada en las aulas de infantil:
un estudio del aprendizaje de SVB y RCP
en discentes de 5 anos. Pixel-Bit. Revista de
Medlios y Educacion, 55, 157-178. https://
doi.org/10.12795/pixelbit.2019.i55.09

Lépez-Cortés, F., Ravanal Moreno, E., Palmas-
Rojas, C. and Merino Rubilar, C. (2021). High
school student representations of mitotic cell
division: an augmented reality experience.
Pixel-Bit. Revista de Medios y Educacion, 62,
7-37. https://doi.org/10.12795/pixelbit.84491

Marin-Diaz, V. and Sampedro-Requena, B. E.
(2020). La realidad aumentada en educa-
cion primaria desde la vision de los estu-
diantes. Alteridad, 15(1), 61-73. https://doi.
org/10.17163/alt.v15n1.2020.05

152 | Tecnologia, Ciencia y Educacion, 23 (septiembre-diciembre 2022), pp. 137-154


https://doi.org/10.12795/pixelbit.74367
https://doi.org/10.12795/pixelbit.74367
http://dx.doi.org/10.1016/j.compedu.2012.09.009
http://dx.doi.org/10.1016/j.compedu.2012.09.009
https://doi.org/10.1177%2F2050157914530700
https://doi.org/10.1177%2F2050157914530700
https://doi.org/10.1186/s41039-016-0039-z
http://dx.doi.org/10.5944/ried.20.2.17602
http://dx.doi.org/10.1016/j.chb.2016.09.014
http://dx.doi.org/10.1016/j.chb.2016.09.014
https://doi.org/10.12795/pixelbit.2019.i55.09
https://doi.org/10.12795/pixelbit.2019.i55.09
https://doi.org/10.12795/pixelbit.84491
https://doi.org/10.17163/alt.v15n1.2020.05
https://doi.org/10.17163/alt.v15n1.2020.05

aportaciones académicas

Martin-Gutiérrez, J., Fabiani, P., Benesova, W.,
Meneses, M.2D. and Mora, C. E. (2015). Aug-
mented reality to promote collaborative and
autonomous learing in higher education.
Computers in Human Behavior, 51, 752-761.
http://dx.doi.org/10.1016/j.chb.2014.11.093

Mateo Andrés, J. (2004). La investigacion ex-
post-facto. In R. Bisquerra Alzina (Coord.),
Metodologia de la investigacion educativa
(pp. 196-230). La Muralla.

Mazur, E. (1997). Peer Instruction: A User's Ma-
nual. Prentice Hall.

Mohammadi, H. (2015). Investigating users'
perspectives on e-learing: an integration of
TAM and IS success model. Computers in
Human Behavior, 45, 359-374.

Nadolny, L. (2016). Interactive print: the design
of cognitive tasks in blended augmented
reality and print documents. British Journal
of Educational Technology, 48(3), 814-823.
http://dx.doi.org/10.1111/bjet. 12462

Nielsen, B. L., Brandt, H. and Swensen, H.
(2016). Augmented reality in science educa-
tion-affordances for student learning. Nor-
Dina, 12(2), 157-174.

O'Dwyer, L. y Bermauer, J. (2014). Quantitative
Research for the Qualitative Researcher. Sage.

Park, S. Y., Nam, M.-W. and Cha, S.-B. (2012).
University students' behavioral intention to
use mobile learning: evaluating the techno-
logy acceptance model. British Journal of
Educational Technology, 43(4), 592-605.

Pedraza Caballero, L. E. and Valbuena Duarte,
S. (2014). Plataforma movil con  reali-
dad aumentada para la ensefianza de los
célculos. Ventana Informatica, 30, 205-216.

Pérez-L.opez, D. C. (2015). eJUNIOR: sistema de
realidad aumentada para el conocimiento del
medio marino en educacion primaria. Quid,
24, 35-42.

Pérez-Lopez, D. and Contero, M. (2013). Delive-
ring educational multimedia contents through
an augmented reality application: a case study
on its impact on knowledge acquisition and
retention. TOJET. The Turkish Online Journal
of Educational Technology, 12, 4, 19-28.

Expanding the virtual universe of university
students. Educational use of augmented reality and
contributions of Rafodiun Project

Prendes Espinosa, C. (2015). Realidad aumen-
tada y educacion: andlisis de experiencias
préacticas. Pixel-Bit. Revista de Medios y Edu-
cacion, 46, 187-203.

Rasimah, C. M. Y., Ahmad, A. and Zaman,
H. B. (2011). Evaluation of user accep-
tance of mixed reality technology. Australa-
sian Journal of Educational Technology, 27,
1.369-1.387.

Reinoso, R. (2016). In S. M. Baldiris Navarro, N.
D. Duque Méndez, D. J. Salas Alvarez, J. C.
Bernal Suarez, R. Fabregat Gesa, R. Men-
doza Garrido, Y. Puerta Cruz, J. J. Puello, I.
Solano Benitez and L. Martinez Garcia (Eds.),
Recursos educativos aumentados: una opor-
tunidad para la inclusion (pp. 8-25). Sello Edi-
torial Tecnoldgico Comfenalco.

Roda-Segarra, J., Mengual-Andrés, S. and Mar-
tinez-Roig, R. (2022). Using virtual reality in
education: a bibliometric analysis. Campus
Virtuales, 11(1), 153-165. https://doi.org/10.
54988/cv.2022.1.1006

Rodriguez Hernandez, A. F., Naranjo Rincon, M.2,
A. and Dugue Méndez, N. D. (2016). Prueba
de usabilidad y satisfaccion en objetos de
aprendizaje con realidad aumentada en apli-
caciones moviles. In S. M. Baldiris Navarro,
N. D. Dugue Méndez, D. J. Salas Alvarez, J.
C. Bernal Suérez, R. Fabregat Gesa, R. Men-
doza Garrido, Y. Puerta Cruz, J. J. Puello, .
Solano Benitez and L. Martinez Garcia (Eds.),
Recursos educativos aumentados: una opor-
tunidad para la inclusion (pp. 56-65). Sello
Editorial Tecnolégico Comfenalco.

Saidin, N., Halim, N. A. and Yahaya, N. (2015).
A review of research on augmented reality
in education: advantages and applications.
International Education Studies, 8(13), 1-8.

Santos, M. E. C., Chen, A., Taketomi, T., Yama-
moto, G., Miyazaki, J. and Kato, H. (2014).
Augmented reality learning experiences: sur-
vey of prototype design and evaluation. IEEE
Transactions on Learning Technologies, 7(1),
38-56.

Santos, M. E. C., Wolde LUbke, A., Taketomi,
T., Yamamoto, G., Rodrigo, M.2 M., Sandor,
C. and Kato, H. (2016). Augmented reality as

Tecnologia, Ciencia y Educacion, 23 (septiembre-diciembre 2022), pp. 137-154 | 153


http://dx.doi.org/10.1016/j.chb.2014.11.093
http://dx.doi.org/10.1111/bjet.12462
https://doi.org/10.54988/cv.2022.1.1006
https://doi.org/10.54988/cv.2022.1.1006

J. Barroso-Osuna y A. Palacios-Rodriguez

multimedia: the case for situated vocabulary
learning. Research and Practice in Techno-
logy Enhanced Learning, 11(4), 1-23.

Sosa-Jiménez, E., Lépez-Martinez, J., Chi-Pech,
V. and Sosa-Tzea, O. (2018). Disefio de una
aplicacion movil con realidad aumentada
para coadyuvar en el proceso de aprendi-
zaje matematico. Avances en Interaccion Hu-
mano-Computadora, 1, 48-50. http://dx.doi.
org/10.47756/aihc.y3i1.44

Tarhini, A., Hone, K. and Liu, X. (2014). Measuring
the moderating effect of gender and age on
e-learning acceptance in England: a structural
equation modeling approach for an extended
technology acceptance model. Journal Edu-
cational Computing Research, 51(2) 163-184.
http://dx.doi.org/10.2190/EC.51.2.b

Tarng, W. and Ou, K. L. (2012). A study of cam-
pus butterfly ecology learning system based
on augmented reality and mobile learning.
2012 IEEE Seventh International Conference
on Wireless, Mobile and Ubiquitous Techno-
logy in Education (pp. 62-66).

Tecnolégico de Monterrey. (2015). Edu Trends:
radar de innovacion educativa 2015.

Toledo Morales, P. and Sanchez Garcia, J. M.
(2017). Realidad aumentada en educacion
primaria: efectos sobre el aprendizaje. RELA-
TEC. Revista Latinoamericana de Tecnologia
Educativa, 16(1), 79-92. http://dx.medra.org/
10.17398/1695-288X.16.1.79

Vazquez Cano, E. and Sevillano-Garcia, M.2 L.
(2018). Ubiquitous Educational Use of Mobile
Digital Devices. A General and Comparative
Study in Spanish and Latin America higher
education. Journal of New Approaches in
Educational Research, 7(2), 105-115. https://
doi.org/10.7821/naer.2018.7.308

Villalustre Martinez, L. (2020). Propuesta meto-
dolégica para la integracion didactica de la
realidad aumentada en Educacion Infantil.
EDMETIC, 9(1), 170-187. https://doi.org/10.
21071/edmetic.v9i1.11569

Wojciechowski, R. and Cellary, W. (2013). Eva-
luation of learmners' attitude toward leaming in
ARIES augmented reality environments. Com-
puters & Education, 68, 570-585. https://doi.
org/10.1016/j.compedu.2013.02.014

Yip, J., Wong, S.-H., Yick, K.-L. Chan, K. and
Wong, K.-H. (2019). Improving quality of
teaching and learning in classes by using
augmented reality video. Computers & Edu-
cation, 128,88-101. https://doi.org/10.1016/j.
compedu.2018.09.014

Yong Varela, L. A., Rivas Tovar, L. A. and Chapa-
rro Pelaez, J. J. (2010). Modelo de aceptacion
tecnoldgica (TAM): un estudio de la influencia
de la cultura nacional y del perfil del usuario en
el uso de las TIC. Innovar, 20, 36, 187-204.

Yuen, S. C.-Y., Yaoyuneyong, G. and Johnson,
E. (2013). Augmented Reality and Education:
Applications and Potentials. Springer Hei-
delberg.

Julio Barroso-Osuna. Adscrito al Departamento de Didéactica y Organizacion Educativa de la Facultad de
Ciencias de la Educacion de la Universidad de Sevilla (Espafa). Es miembro del Grupo de Investigacion Didac-
tica (GID-HUM 390): Andlisis Tecnolégico y Cualitativo. Ha participado en numerosas investigaciones y cursos
relacionados con la tematica de las nuevas tecnologias aplicadas a la educacion. Su experiencia docente tam-
bién esta relacionada con el topico mencionado. https://orcid.org/0000-0003-0139-9140

Antonio Palacios-Rodriguez. Master Universitario en Direccion, Evaluacion y Calidad de las Instituciones de
Formacion. Es miembro del Grupo de Investigacion Didéctica (GID-HUM 390): Andlisis Tecnoldgico y Cuali-
tativo. Su experiencia docente e investigadora esta relacionada con la tecnologia educativa y la formacion del

profesorado. https://orcid.org/0000-0002-0689-6317

Contribucion de autores. J. B.-O. y A. P.-R. han participado a partes iguales en la elaboracion de todos los
apartados que constituyen este proyecto y aportacion académica.

154 | Tecnologia, Ciencia y Educacion, 23 (septiembre-diciembre 2022), pp. 137-154


http://dx.doi.org/10.47756/aihc.y3i1.44
http://dx.doi.org/10.47756/aihc.y3i1.44
http://dx.doi.org/10.2190/EC.51.2.b
http://dx.medra.org/10.17398/1695-288X.16.1.79
http://dx.medra.org/10.17398/1695-288X.16.1.79
https://doi.org/10.7821/naer.2018.7.308
https://doi.org/10.7821/naer.2018.7.308
https://doi.org/10.21071/edmetic.v9i1.11569
https://doi.org/10.21071/edmetic.v9i1.11569
https://doi.org/10.1016/j.compedu.2013.02.014
https://doi.org/10.1016/j.compedu.2013.02.014
https://doi.org/10.1016/j.compedu.2018.09.014
https://doi.org/10.1016/j.compedu.2018.09.014
https://orcid.org/0000-0003-0139-9140
https://orcid.org/0000-0002-0689-6317

	1.  Introduction
	2.  Objetives of RAFODIUM
	3.  Method and results
	3.1.  �Analysis of the possibilities and potential offered by different types of software
	3.2.  Design and produce different contents in augmented reality

	4.  Conclusions
	Bibliographic references

