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1. INTRODUCTION

To approach the characterization of augmented reality (hereinafter AR), it is first necessary to establish how it differs from
virtual reality, since normally both terms tend to be used interchangeably. Thus, the main difference between one and the
other lies in the fact that AR does not replace the real world with a simulated one, as occurs in virtual reality.

The AR, through the use of a digital instrument, allows a virtual interaction with the real environment by amplifying the
information of that environment, so that both overlap to increase the sensory experience (Moreno and Leiva, 2017; Cabrero
and Barroso, 2016; Cabero et al.,, 2020). The aim is to add visual, sound and virtual elements to the perceived reality, enriching
the original environment with more information (Jefabek, Rambousek, and Wildova, 2014). In this way, both realities are
combined and allow us to interact, normally in real time, through any device (tablet, mobile or computer) (Red Guadalinfo,
2018).

According to Di Serio, Ibafiez and Delgado (2013, p. 587) "AR is characterized by three basic properties: the combination of
real and virtual objects in a real space; an alignment of virtual and real objects with each other; and the execution of the object
interactively and in real time". In addition, AR is driving important innovations by allowing the addition of stored data, 2D/3D
images, videos, or access to Internet sources making any particular space interactive (Fombona, Pascual-Sevillana and
Gonzalez-Videgaray, 2017).

* Dr., University of Seville, Faculty of Education Sciences, Department of Experimental and Social Science Didactics, SPAIN. e-
mail: omoreno@us.es (ORCID: 0000-0003-4349-8657)

* Dr., University of Seville, Faculty of Education Sciences, Department of Experimental and Social Science Didactics, SPAIN. e-
mail: carmensolise@us.es (ORCID: 0000-0002-6934-0607)

“* Dr., University of Seville, Faculty of Education Sciences, Department of Research Methods and Diagnosis in Education,
SPAIN. e-mail: pmcrespo@us.es (ORCID: 0000-0002-6226-0268)

“** Dr., University of Seville, Faculty of Education Sciences, Department of Experimental and Social Science Didactics, SPAIN. e-
mail: mferreras@us.es (ORCID: 0000-0001-9430-8310)

e-ISSN: 2536-4758 http://www.efdergi.hacettepe.edu.tr/



mailto:omoreno@us.es
mailto:carmensolise@us.es
mailto:pmcrespo@us.es
mailto:mferreras@us.es

2

The Guadalinfo Network (2018) highlights a series of advantages that the AR has and its use in the classroom, such as
establishing contact naturally between students and new technologies (ICT). It also improves interactivity and participation in
the classroom as it establishes a synergy between learning and recreational entertainment. As it is an accessible material, it
allows knowing complementary information to the one that usually appears in the text books, helping to wake up the curiosity
and betting for a practical knowledge. It is a key tool to increase students’ motivation through the approach of knowledge
through entertainment, in which they can check and add up learning achievements (Bacca, Baldiris, Fabregat & Kinshuk,
2019).

On the other hand, it should be noted that studies focused on researching the educational potential of AR and how it influences
learning are on the rise (Radu, 2014; Kurilovas, 2016; Ak¢ayir and Akcayir, 2017; Gavilanes, Abasolo Guerrero and Cuji, 2018),
but we find fewer studies focused on analysing teachers' conceptions of it, who will ultimately be the ones to use this tool
(Moreno and Leiva, 2017; Marin-Diaz and Sampedro-Requena, 2020).

Kysela and Storkova (2015), propose AR as a new technology that offers a different way of learning in an effective and
attractive way, allowing the enrichment of real educational scenarios where student motivation is a special priority. The
works of Lin, Chen and Liu (2017), highlight the variety of possibilities offered by the AR for the dynamization of learning
experiences and the studies of Cabero, Barroso and Obrador (2017) point out its adaptive capacity to the current preferences
of the students. In this line, several authors highlight the great variety of application catalogues that the AR has in its different
formats (Kamphuis et al., 2014; Toledo and Sanchez, 2017; Montecé-Mosquera et al., 2017; Cabero et al., 2020). On the other
hand, Garay, Tejada and Castano (2017), highlight the adaptability of AR for any educational stage due to its ease of use and its
interdisciplinary nature. Fombona, Pascual-Sevillana and Gonzalez-Videgaray (2017), propose that this emerging
phenomenon can go beyond the mere technological fact to affect the methodologies and habits of students, even changing
learning procedures drastically with new training scenarios.

Other researches specify their field of investigation attending to the educational levels to analyse the viability of the
implementation of the AR. Specifically in the field of Primary Education we highlight the studies of C6zar-Gutiérrez and Saez-
Loépez (2016), Toledo and Sanchez (2017) and Piqueras, Cézar and Gonzalez-Calero (2018), whose results show from
improvements in the acquisition of knowledge and development of digital competence, to a positive perception by students
and teachers for being motivating, encouraging and capable of promoting improvements in the teaching-learning processes.

The works developed by De la Horra-Villacé (2017), state that when adapting innovative tools to the educational environment
it is important to bear in mind: the ease of creation of material for the teacher; the ease of use for the student; whether the
interface is attractive and friendly, and finally the interdisciplinary nature offered by the tool itself.

For teachers it is important to have free resources that allow the implementation of AR in a teaching-learning environment.
Among them we highlight "Layar" that has a web page where you can design the intervention or activity on the platform,
which allows its use by installing the application on the mobile or tablet. In this way, the device's camera allows to focus the
shutter (a photo, an image, a text, etc.), where the inserted information appears in AR format. This information can be text,
images or links that allow us to access video, music, etc. Another resource at our disposal is HP Reveal (formerly known as
Aurasma) that allows us to make the designs from a computer or mobile device, including additional information that appears
when the camera is focused on the shutter.

On the other hand, we can count on applications that already incorporate created content, through templates that can be
printed for their use and manipulation (cutting and/or colouring, for example) and their later recreation in AR. Among the
most popular we highlight: Elements 4D that allows visualizing elements in four dimensions; Quiver, that allows visualizing
elements in AR in movement and Chromville, that allows visualizing elements in AR by layers. That is, in Chromville if the
template of the human body is coloured, using the device on that coloured template can actually see the body customized with
the colours that have been used and can also change to the vision of the skeleton or muscles. In this way, the experience of
studying the human body is improved, since starting from a drawing (the coloured template) the different layers of the human
body can be alternated.

Finally, among other applications that originally have not been designed for educational purposes, but that can become tools
that promote a teaching-learning environment, we highlight: Google earth, or Google Sky Map which has a star map of stars,
galaxies and constellations; Anatomy 4D, self-defined as an encyclopedia of three-dimensional anatomy; Cyberchase 3D
Builder, which is a game where you have to reconstruct the structure of a city from two to three dimensions; Quiver - 3D
Coloring App, formed by templates with the only purpose of being coloured and through the augmented reality animate them;
and ZooBurst, which allows to generate 3D books with text, images, music, etc.

Therefore, we consider that training Primary Education teachers in initial training for the use of AR as a teaching resource can
complete their professional profile, facilitating the search for new more interactive teaching-learning scenarios. Specifically, in
this paper we focus on analysing what these future teachers think about whether AR is an adequate resource that they would
use in the development of their professional practice. To do so, we investigate what are the opinions they have about the
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conception and characterization of AR, the educational possibilities and capacities it has and if it can really be applied in the
classrooms.

This work has the following objectives:

—To determine the conceptions that students in the Primary Education Teachers' Degree have about what Augmented Reality
is and what its characteristics are.

—To find out the opinion of pupils in the Primary Education Teachers' Degree on the educational possibilities and capacities of
Augmented Reality.

—To establish, from the perspective of the Primary Education Teachers' Degree students, the applicability of Augmented
Reality in the classroom.

2. METHODOLOGY

This is an exploratory, quantitative, ex post facto study. The data collection technique is the questionnaire that gives access to
information of various kinds, this being an instrument that allows us to collect a large amount of information from a large
group in a relatively short time (Ala-Mutka, 2011; Colas-Bravo, Conde-Jiménez and Reyes-de-Cdzar, 2019) to obtain
information on the opinions of the subjects regarding their digital uses and knowledge. This is why a questionnaire was
chosen to provide answers to the objectives set. All participants were informed of the purpose of the research and gave their
informed consent to participate in the research.

2.1. Participants

A total of 239 students of the Primary Education Teacher Degree of the University of Seville (Spain), aged between 19 and 21,
participated in the study. These are students who have previously studied the subject of Information and Communication
Technologies Applied to Education. The group was made up of 55 subjects who indicated the option of the male gender (23%)
and 184 who indicated the option of the female gender (77%).

2.2. Instrument

The instrument used is the questionnaire called "Attitudes on the Potentialities and Applicability of Augmented Reality in the
Primary Education Degree of the University of Seville" (APAEdu-AR), which has been designed taking as a reference the
questionnaire of "Attitudes and competencies of didactic use of augmented reality in the Primary Education Degree of the
University of Malaga" (Moreno and Leiva, 2017) and the "LabinTic_RA Questionnaire” (Cézar-Gutiérrez et al., 2015). For the
study of content validity, the instrument was submitted to expert judgement, taking into consideration and incorporating their
observations for the improvement of the instrument. Finally, the final version was created in digital format (Google Forms)
and filled in by the sample by telematics means. The questionnaire includes three dimensions with different items for each
one (table 1). The data were analysed with the IBM SPSS program (version 25).

Table 1.
Structure of the APAEdu-AR instrument
Dimensions Items

Do you consider ICT training important for teachers?

Do you know what the AR is?

Could you define the AR with your words?

Have you had any educational experience related to the use of AR?

Which of the following characteristics would define AR tools as a learning resource?

What educational potential do you think AR has?

Do you think that the AR offers educational possibilities to favour the teaching-learning

Possibility and processes?

educational capabilities of Why do you think that the AR offers educational possibilities to favour the teaching-learning

AR processes?
Do you think that AR favours the creation of amplified, enhanced, reinforced and enriched
learning scenarios?

Conceptualization and
characterization of AR

Applicability in AR At what point in a Didactic Unit would you apply the AR?
Primary Education What kind of activities can you think of where you can apply AR?
Classrooms Would you use AR in your classroom when you are in the teaching profession?
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3. RESULTS

3.1. Conceptualization and characterization of AR

To contextualize the study, it opens with the question Do you consider ICT training important for teachers, where the answer
is a clear yes from 100% of the sample. It is clear that teachers in initial training believe that ICT training in education is

currently very important.

As regards whether they know what AR is, 79.5% (n= 190) answered positively, while 20.5% (n= 49) said they did not know
(Table 2).

Table 2.
Approach to AR
Items Frequency Percentage Cumulative percentage
[ know what AR is. 190 79.5 79.5
I'm not sure what the AR is. 49 20.5 100.0
Don't know/No answer 0 00.0 100.0
Total 239 100.0

If we go deeper into how they understand what AR is, the response spectrum opens up and in this case 25.5% (n=61) do not
respond and 5.8% (n=14) indicate not being able to explain in their words what AR is. The 43.1% (n=103) AR is reduced to
the use of glasses or paper through which to have a technological experience, while 21.0% (n=50) extends this vision
emphasizing that it is an element of new technologies that allows visualizing figures in 3D through a technological device and
helps us to visualize the world around us through digital devices. If we analyse this question more closely we see that in
general there is a rather simplistic view of what AR is, only 4.6% (n=11) is able to give a more or less complete definition
(Table 3).

Table 3.

Identification of the AR
Level Indicator Frequency Percentage Cumulative

percentage
0-0 Don't know/No answer 61 25.5 25.5
0-1 He points out that he is unable to explain 14 5.8 31.3
1 Augmented reality is reduced to the use of glasses or paper through 103 43.1 74.4
which to have a technological experience

2 Augmented reality is an element of the new technologies that allows 50 21.0 95.4

the visualization of 3D figures through a technological device. It helps
us to visualize the world around us through digital devices
3 Augmented reality is an element of the new technologies that allows 11 4.6 100.0
us to have a different vision of reality. It consists of the combination of
elements of a real environment with other elements of a virtual
environment that have been created in three dimensions

Total 239 100.0

As for whether they have had any experience with this educational tool, 54% (n=129) indicate that they have not had any
experience, while the rest of the participants indicate that they have experimented with AR. In this sense, 35.6% (n=85) of the
participants claim to have had limited experience, with only 10.5% (n=25) of the participants claiming to have had full
experience with this technological resource (Table 4).

Table 4.
Experience with AR resources
Items Frequency Percentage Cumulative percentage
No experience 129 54.0 54.0
Limited experience 85 35.6 89.5
Full experience 25 10.5 100.0
Total 239 100.0

With respect to which characteristics define AR, respondents have mostly indicated that it is innovative and interactive and
less often ease of use and cost (Figure 1).
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Figure 1. Characteristics that define the AR
3.2. AR's educational potential and capabilities
As for the potential that AR can have in the educational field, only 55.6% (n=133) indicates that it can have full potential.

Thirty-six percent (n=86) of respondents consider the potential offered by AR in education to be limited, while 8.4% (n=20)
do not see any potential in this educational tool (Table 5).

Table 5.
Teaching Potential of AR
Items Frequency Percentage Cumulative percentage
No potential 20 8.4 8.4
Relative potential 86 36.0 444
Full potential 133 55.6 100.0
Total 239 100.0

Regarding educational possibilities, only 0.4% (n=1) considers that this didactic instrument has no educational possibilities,
while 5.9% (n=14) points out that few educational possibilities can be extracted from the AR. The rest of the sample considers
that it is a didactic tool with enough educational possibilities (70.7%) or excellent possibilities (23%). Based on the collected
results, the highest accumulated percentage is gathered around the answers which indicate that AR has enough educational
possibilities, around which 70.7% (n=169) is placed (Table 6).

Table 6.
AR Educational Possibilities
Items Frequency Percentage Cumulative percentage
No educational opportunities 1 0.4 0.4
Few educational possibilities 14 5.9 6.3
Quite a few educational possibilities 169 70.7 77.0
Excellent educational possibilities 55 23.0 100.0
Total 239 100.0

If we go deeper into why the students of the Primary Education Degree offer educational possibilities that favour the teaching-
learning processes, 10% (n=24) do not know or do not answer, while 17.2% (N=41) of the surveyed students argue that these
possibilities are based on the fact that they are novel technologies. 47.7% (n=114) values how AR favours motivating learning
scenarios, only 25.1% (n=60) goes one step further and identifies AR with a tool that allows students to "immerse" in a topic
of interest and actively participate in the teaching-learning process (Table 7).
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Table 7.
Educational Possibilities of the AR
Level Indicator Frequency Percentage Cumulative
percentage
0 You don't know or don't answer the question 24 10.0 10.0
Low foundation. The arguments are mainly focused on a
1 novel technology that offers new ways to learn attractively 41 17.2 27.2
(Kysela and Storkova, 2015)
Medium foundation. Justifications related to the
2 conceptual enrichment of real educational scenarios 114 477 749

usually predominate, contributing to the motivation of

students (Lin, Chen and Liu, 2017)

High foundation. Allows students to "immerse themselves"

in the subject of interest and their active participation in

3 the teaching-learning process (Albrecht, Folta-Schoofs, 60 25.1 100.0
Behrends and von]an, 2013; Eishita, Stanley and Mandryk,

2014; Kysela and Storkova, 2015)

Total 239 100.0

The educational possibilities are closely related to the belief of whether AR favours the creation of amplified, enhanced,
reinforced and enriched learning scenarios. In this sense, the percentages are in line with the previous question. 0.8% (n=2)
considers that AR does not favour the creation of learning scenarios, while 5% (n=12) considers that this contribution is small.
71.1% (n=170) considers that the contribution made by AR to the creation of new learning scenarios is considerable, while
23% (n=55) considers that it favours them completely (Table 8).

Table 8.

The AR Favours Learning Scenarios
Items Frequency Percentage Cumulative percentage
Nothing 2 .8 .8
Little 12 5.0 59
Quite a lot 170 71.1 77.0
Completely 55 23.0 100.0
Total 239 100.0

3.3. Applicability of AR in Primary Education Classrooms

The third dimension that has been addressed is that of applicability. The first item that has been investigated refers to
indicating the moment in which they as future teachers would use AD as a didactic resource. In this sense, the vast majority,
represented by 78.2% (n=187) indicates that they would use AR in development activities, while 10% (n=24) would do so at
the beginning of the didactic proposal as a resource for the collection of previous ideas, and 7.1% (n=17) would use it as an
alternative to evaluation. 2.9% (n=7) indicated that they would use it in other aspects of the didactic proposal, although they
did not specify what these would be and 1.7% (n=4) stated that if they used the AR they would not really know where to
insert it (Table 9).

Table 9.

The AR as an Educational Resource in the Didactic Proposals
Items Frequency Percentage Cumulative percentage
Previous ideas 24 10,0 10,0
Development activities 187 78,2 88,3
Evaluation 17 7,1 95,4
Others 7 2,9 98,3
Don't know/No answer 4 1,7 100,0
Total 239 100,0

In terms of the types of activities where AR can be applied, responses have been broad and diverse. A total of 340 proposals
were received, as students were able to specify more than one. Of the 340 responses obtained, 17 do not know what to specify,
thus not giving any proposal. Among the types of activities indicated, the responses were mainly focused on working on
specific contents in the areas of Natural Sciences, Social Sciences and Mathematics. The type of activities that most
participants recorded were those that addressed content related to the Natural Sciences, such as: activities to work on the
human body, different parts of animals, the solar system, or the water cycle, among other questions (28.2%). They are
followed by the contents of the Social Sciences such as rivers, maps, other cultures and periods, historical representations,
time lines, etc., which account for 14.1% (n=48) of the answers. In the category others, questions related to computers or
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technologies have been grouped, general questions that did not specify types of activities and where a percentage of 13.2
(n=42) has been placed. The remaining answers are below 10% (table 10).

Table 10.
Types of activities in which to apply AR
Cumulative
Items Frequency Percentage
percentage
Contents related to Natural Sciences (human body, animals, the Earth,
96 28,2 28,2
solar system, water cycle...)
Contents related to Social Sciences (rivers, maps, other cultures and 48 141 42,3

times, historical representations, time lines,...)
Game to find elements like Gymkana or Escape Rooms 22 6,5 48,8
Activities previous ideas, evaluation, strengthening ... but without

g 22 6,5 55,3
specifying content
Specific applications (Google Sky Map, Quiver, Aurasma, Plikerts, 21 62 61.5
Kahoot, Layar, Elements 4D) ’ )
Contents related to the Natural and Social Sciences, jointly. 16 4,7 66,2
Mathematics Contents (geometry) 14 4,1 70,3
Contents related to artistic and plastic education (3D drawings, artistic

. 12 3,5 73,8

techniques,...)
Contents for Extracurricular Activities (museums, parks, theatres...) 11 3,2 77,0
Road Safety Education Content 7 2,0 79,0
Matching/Association Games 5 1,5 80,5
Contents for learning vocabulary and other languages 4 1,2 81,7
Others 45 13,2 94,9
Don't know/No answer 17 51 100
Total 340 100,0

Having explored the moment in which the AR would be worked on in a didactic proposal and the type of activities that would
be used, it is pertinent to know if they, as future teachers, consider the AR an interesting tool to be used in the classroom. In
this sense, 95% (n=227) indicated that they would use it. Only 5% (n=12) answered negatively, emphasizing that it is a tool
that they would not use with their students (Table 11).

Table 11.
Use of AR as a Teaching Resource in the Classroom
Items Frequency Percentage Cumulative percentage
Yes 227 95,0 95,0
No 12 5,0 100,0
Total 239 100,0

4. DISCUSSION AND RECOMMENDATIONS

We consider relevant to open the conclusions referring to the age of the participants of this study, students of the Primary
Education Teacher's Degree with ages between 19 and 21 years, which entails a positive attitude towards the download,
installation and use of applications (Ruiz and Belmonte, 2014) as they are considered digital natives (Prensky, 2001).

The results of our study indicate that despite the fact that the respondents have had no or limited experience in the use of AR,
they consider it a useful educational resource with great potential for the learning of primary school students, coinciding with
similar studies (Wu et al, 2013; Bower et al., 2014; Phon, Ali, and Halim, 2014; Cubillo et al., 2015; Barroso and Gallego, 2017;
Moreno and Leiva, 2017; Luna, Ibafiez and Rivero, 2019). The students of the Primary Education Teacher Degree, future
teachers of this stage, consider that the AR is a didactic resource that can be used in the classroom, since it favours the
development of curricular contents of diverse areas (Wu et al,, 2013; Joan, 2015; Marin-Diaz and Sampedro-Requena, 2020;
Rahman, Ling and Yin, 2020). Thus, AR is perceived as a didactic tool that reinforces the acquisition of curricular contents,
which can be approached from different subjects and educational areas and which complements other didactic strategies or
methodologies such as project-based learning (PBA), gamification and play strategies, Gymkanas, Escape Room, didactic
itineraries, drawings or AR books... (Diegmann et al., 2015; Prendes, 2015; Ak¢ayir and Akcayir, 2017).

According to those surveyed, the AR is a resource that has a series of intrinsic characteristics that favour its inclusion and use
in the educational field as it is a teaching tool that is attractive, fun, dynamic and versatile among other characteristics,
coinciding with other research carried out (De la Horra Villacé, 2017; Marin-Diaz and Sampedro-Requena, 2020; Cabero et al.,
2020). In this sense, the element most valued by students has been interactivity, which does not coincide with other previous
studies where creativity was the most valued characteristic (Wei et al., 2015; Marin-Diaz, 2017).
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The students of the Primary Education Teacher's Degree consider that they could use AR as an educational tool within the
classroom, since it has many possibilities (Bongiovani, 2013; Chang, Wu and Hsu, 2013; Kamarainen et al., 2013; Han, Jo, Hyun
and So, 2015; Cabero, Barroso and Obrador, 2017; Moreno and Leiva, 2017; Garay, Tejada and Castafio, 2017). This has also
been reflected in educational experiences that have already been implemented and evaluated with primary school students in
their schools (Saez-Lépez, Sevillano-Garcia and Pascual-Sevillano, 2019; Toledo and Sanchez, 2017; Piqueras, Cézar and
Gonzalez-Calero, 2018). Therefore, we can say that the AR is an educational resource that future teachers could incorporate
into their classrooms.

In short, we can determine that, although the AR is a technology that helps and facilitates the understanding of the curricular
contents, it is necessary to train teachers for a correct use, being still the use of these tools a challenge for the educators (Avila
and Bailey, 2016; Burden and Hopkins, 2016; Cabero and Barroso, 2016; Garay, Tejada and Castafio, 2017; Marin-Diaz and
Sampedro-Requena, 2020).
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