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Abstract: Mobile learning is a resource that can enhance the teaching-learning process of students
and improve the training of future teachers. Specifically, augmented reality (AR) technology allows
for immersive and experiential learning without the need to leave the classroom. The purposes of
this paper were to apply AR technology in the training of future Primary Education teachers and to
analyze the perceived usefulness of AR in the classroom by future teachers. A quantitative approach
was used based on a design with a control group and two experimental groups with a post-test
using a sample of 171 second-year students studying an education degree. The results showed that
experimentation with AR promoted a slight increase in student motivation. However, no significant
differences were found between the control group and the experimental groups. Finally, the findings
allowed us to establish that the implementation of resources such as AR does not differ in the opinion
of future teachers about the inclination to implement AR in the classroom.

Keywords: mobile learning; augmented reality; teacher training; mobile devices; higher education

1. Introduction

Mobile computing is revolutionizing all sectors. In the education sector, technology
has been an important issue for several decades. In this sense, the Horizon Reports annually
highlight the emerging technologies with the greatest short, medium and long term impact
on Higher Education [1,2], at the same time as the European 2020 strategy dictates the need
to train university students in digital skills [3].

Among the learning technologies with the greatest impact, the 2019 Horizon Report
states that, in the medium term, mixed reality will be implemented at the higher education
stage [4]. Mixed reality encompasses both virtual reality (VR) and augmented reality (AR),
being that technology that allows the combination of elements of the real world with virtual
elements generated by a mobile device [5]. Although VR and AR have great potential for
student learning, AR has been more developed in Higher Education, primarily because
its implementation costs are lower than those of VR [6]. AR can be used directly with a
mobile device, brought by the student himself—this strategy has been called “bring your
own device” (BYOD) within mobile learning [7]—while, to use the VR, it is necessary to
have an additional viewer.

Specifically, working with AR in the classroom allows for immersive and experi-
ential learning in students [8]. This results in a number of benefits of AR such as the
development of digital skills [9,10], increased motivation [11-13], and improved academic
performance [14,15].

This development of digital skills is related to the development of digital teaching
competence [16], directly impacting on areas such as digital content creation and problem-
solving with technology, which are essential dimensions for teachers to successfully apply
technology in the classroom [17].
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However, there are some obstacles to incorporating AR in the university training of
future teachers, among which the following stand out: the lack of teacher training; the
scarcity of AR educational experiences; the little educational research on its applicability
and the limited resources available to the institutions [18]. Despite this, university profes-
sors are beginning to implement AR more and more frequently [19,20]. This is key to the
training of future teachers since younger teachers tend to implement methodologies based
on learning technologies such as AR [21].

On the other hand, some experiences of applying AR in schools show amazing results.
For example, a mobile system based on AR was used for learning chemistry in secondary
education which greatly stimulated students’ understanding and retention of learning,
while increasing their motivation [22]. Other experiences, located in primary education,
showed that AR contributed to improved learning, motivation and the understanding of
concepts [23-25].

Along the lines of this study, other previous works have been carried out where AR has
been applied with future teachers. The following results were obtained: improved learning
and favorable attitude towards the use of AR applications by future teachers [26]; improved
understanding, motivation and creativity [27]; positive perception of the use of AR in
education [28]; increased motivation and improved learning [29]; high predisposition to
use AR in the future [30]; and increased creativity, innovation, participation and motivation
of students [31].

For all these reasons, it is essential to apply technologies to improve learning, and
even more so in the training of future teachers so that they can experience the virtues and
functions of AR in order to have the opportunity to apply it in the future. Based on these
premises, the objectives of the study were set as follows: (i) to apply AR technology in the
training of future Primary Education teachers, and (ii) to analyze the perceived usefulness
of AR in the classroom by future teachers. From these objectives, the following research
questions were derived:

RQ1. Does AR increase the learning motivation of future teachers?

RQ2. Does previous experimentation with AR influence the subsequent implementa-
tion of technological resources in the classroom by future teachers?

RQ3. Are there significant differences in the perceived usefulness of AR among future
teachers who have experienced it and those who have not?

2. Methodology

This study has been developed at a quantitative level through a descriptive and
correlational approach [32]. Two types of groups (control and experimental) have been es-
tablished to compare the influence of AR on study variables for a single student population.
The difference stipulated between the two groups has been methodological [33]. Thus, the
control group has received training, without using AR. Instead, the experimental groups
followed an active methodology, where AR was implemented as a learning technology.
The use of the AR was configured as an independent variable and the dimensions collected
by the instrument applied were configured as dependent variables.

2.1. Research Design and Participants

A descriptive approach has been adopted with 171 second-year students studying for
a Primary Education Degree. For this type of research, the sample size is not an influential
factor in making comparisons from a single student population [34]. The research was
conducted based on a convenience sampling design. Specifically, the study sample was
composed of 55 men and 116 women ranging in age from 18 to 58 (M = 20.26; SD = 3.67).
This is common in education degrees in Spain, where the female population is much larger
than the male population [35].

The participants were grouped into three study groups: two of an experimental
nature and one of a control nature. Treatment allocation was established on a randomized
basis. Therefore, a design with two experimental groups, one control group and a post-
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test was adopted (Table 1). Although no pretest was done to check the groups’ starting
level, the groups were comparable since they belonged to the same academic level, course
and degree.

Table 1. Research design.

Group n Composition Pretest Treatment Post-Test
Experimental 1 49 Natural - X O
Experimental 2 59 Natural - X O,

Control 63 Natural - - O3

Note: Treatment was randomly assigned.

The duration of the experience was two 1-hour sessions. In the case of the control
group, a theoretical explanation was given about AR, its characteristics and operation.
Videos were shown on how this resource is implemented in classrooms (the videos were
created for this experience). Mainly, the didactic utility was emphasized through the
visualization of examples in which it was observed how AR content works with primary
education students.

In contrast, in the case of the experimental groups, a deductive approach was taken in
which students were introduced to the mobile application (app) “Metaverse”. The students
had to design a didactic proposal, contextualized for a primary education course, in which
they would make use of this tool. The use of a discovery methodology was advocated as it
was not intended to influence students in the creation of their designs. Finally, the students
proceeded to present the developed activity, the selected primary education knowledge
area, and the visualization of AR through their mobile devices was carried out.

The data were collected during the 2019/2020 academic year in the subject of didactic
and technological resources applied to primary education in the second year of the Univer-
sity Degree in Primary Education at the University of Granada (Spain). Before answering
the scale, participants gave their informed consent.

2.2. Measure

Responses were collected through an ad hoc questionnaire on perceptions of AR. For
its configuration, the Everyday Technology Use Questionnaire: ETUQ [36], was taken as a
reference. The instrument consisted of 20 items grouped in four dimensions: Perceived
usefulness (PU) (items 1-5), Difficulty of AR use (DIF) (items 6-10), Motivation (MOT)
(items 11-15) and future use of technological resources (FUT) (items 16-20). According to
the typology of the instrument, it is a four-level Likert-type scale (1 = Completely disagree;
2 = Disagree; 3 = Agree; 4 = Completely agree). The following socio-demographic data
issues were added to these 20 items: gender, age and class group.

The questionnaire was subjected to a process of content validation by expert judgment,
composed of various doctors from different Spanish universities (University of Granada,
University of Seville and University of Malaga). In addition, the Kaiser-Meyer-Olkin mea-
surement was calculated for sampling adequacy (KMO = 0.804) and the Bartlett sphericity
test (x2 = 964.153; df = 190; p-value = 0.000). Finally, regarding the internal consistency of
the instrument, Cronbach’s Alpha test was applied, which obtained a result of & = 0.911,
an optimal value to guarantee the viability of the research.

2.3. Data Analysis

As regards data processing, they were analyzed using the SPSS v.25 statistical soft-
ware and the AMOS v.24 statistical package. In the first instance, descriptive statistics
were calculated to allow a first approach to the responses given by the different samples.
Subsequently, the focus was on establishing a comparison between the means obtained in
the different treatment groups through the application of the ANOVA test and the T-test,
after checking the normality and character of the set of variances through the Shapiro-
Wilk and Levene tests. Finally, the existing correlations between the dimensions of the
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instrument were analyzed, in order to check if there were proportional relations that could
be significant.

3. Results

The results of the descriptive analysis showed the groups that experimented with
AR presented slightly higher results than those that received the traditional methodology.
This is reflected in the different coefficients shown by arithmetic means (Table 2). It can
also be seen that there are small differences from the averages obtained between the two
experimental groups. Regarding the variability of the responses, this is not very high, so
the presence of outliers that could cause a distortion of the means is ruled out.

Table 2. Descriptive statistics.

Dimension Statisticals
Group Mean SD Skw Kme
C 3.37 0.617 —0.477 —0.627
PU Eq 3.44 0.580 —0.405 —1.203
E> 3.24 0.607 —0.129 —0.707
C 2.20 0.695 0.343 0.246
DIF E; 2.28 0.702 0.454 1.30
E> 2.26 0.727 0.568 0.991
C 3.02 0.647 —1.463 —0.044
MOT Eq 3.12 0.632 —1.891 0.462
E> 3.05 0.587 —0.199 —0.613
C 3.36 0.594 —0.424 0.079
FUT E; 3.45 0.535 —0.120 —1.099
E> 3.29 0.576 —0.152 0.115

Note: C = Control group; E; = Experimental group 1; E; = Experimental group 2; PU = Perceived usefulness; DIF
= Difficulty; MOT = Motivation; FUT = Future applicability.

Regarding the comparison of the groups, the T-test indicated that there were no
significant differences between them: Control group (M = 49.81; SD = 4.13); Experimental
groups (M =49.93; SD = 3.86) (p-value = 0.849). At the same time, the difference between
the averages of each group for each dimension was minimal (Figure 1). Even in PU the
average of the control group was slightly higher than that of the experimental groups.

As this is a study involving three treatment groups, the application of the ANOVA test
was chosen in order to check whether there were significant differences between the means
of the different distributions. Prior to this, the Shapiro-Wilk test was applied to check the
normality of the data trends (p-value > 0.05), as well as the Levene test that guaranteed the
existence of a homogeneity of variances in the presented data (p-value > 0.05).

Once this was verified, the application of the ANOVA test allowed us to see if there
were significant differences in the perceived utility dimension between the means of the
different treatment groups (Table 3). However, in the other dimensions, the same casuistry
was not perceived.

For the dimension of perceived utility, the Tukey post-hoc test was applied (Table 4),
which allowed us to know in which groups differences in means were located. These were
found in the two experimental groups with respect to the control. In the other dimensions,
no differences in averages were observed that obtained significant values.

Finally, Table 5 presents the correlation results, as well as the measures of central
tendency and dispersion obtained in the analysis of the variables. Correlations with
significant values were established between the dimensions PU and MOT, PU and FUT,
MOT and FUT (p-value < 0.001). On the other hand, it was also observed that the asymmetry
statistics were below two (PU = —0.232, DIF = 0.872, MOT = —0.171, FUT = 0.210), and the
kurtosis results below seven (PU = —0.493, DIF = 1.325, MOT = —0.325, FUT = —0.786),
this indicated that the principles of multivariate normality were met [37].
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Figure 1. Mean difference between control and experimental groups. Note: PU = Perceived use-
fulness; DIF = Difficulty; MOT = Motivation; FUT = Future applicability.

Table 3. ANOVA according to the treatment group.

Squares Sum df Mean Square F p
Between groups 29.065 2 14.533 4.615 0.011
PU Within groups 529.080 168 3.149
Total 558.145 170
Between groups 7.799 2 3.899 1.196 0.305
DIF Within groups 547.751 168 3.260
Total 555.549 170
Between groups 4.231 2 2.116 1.024 0.361
MOT Within groups 342.855 166 2.065
Total 347.086 168
Between groups 11.076 2 5.538 2.110 0.124
FUT Within groups 435.703 166 2.625
Total 446.779 168

Table 4. Tukey’s mean difference test.

. Comparative Mean
Variable Group Group Difference SD
E; E; 0.98796 * 0.343
C 0.26803 0.338
PU Ep E; —0.98796 * 0.343
C —0.71994 0.321
C E; —0.26803 0.338

E, 0.71994 0.321
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Table 4. Cont.

Eq E, 0.43085 0.349

C 0.50204 0.343

DIF B Eq —0.43085 0.349

C 0.07119 0.327

C Eq —0.50204 0.343

E> —-0.07119 0.327

Eq E, 0.32020 0.278

C 0.36959 0.274

MOT B Eq —0.32020 0.278
C 0.04939 0.262

C Eq —0.36959 0.274

E> —0.04939 0.262

Eq E, 0.63390 0.313

C 0.25574 0.310

FUT Ep Eq —0.63390 0.313
C —0.37816 0.295

C Eq —0.25574 0.310

E, 0.37816 0.295

Note: C = Control group; E; = Experimental Group 1; E; = Experimental Group 2; * p < 0.05.

Table 5. Correlation between the variables and descriptive statistics.

Variables 1. PU 2. DIF 3. MOT 4. FUT

1. PU 1

2. DIF 0.323 1

3. MOT 0.698 *** 0.415 1

4. FUT 0.803 *** 0.309 0.753 *** 1
Average 13.80 9.36 12.64 14.07

Standard Deviation 1.81 1.80 1.43 1.63

Skewness —0.232 0.872 —0.171 0.210
Kurtosis —0.493 1.325 —0.325 —0.786

Note: n =171, ** p < 0.001.; PU = Perceived usefulness; DIF = Difficulty; MOT = Motivation; FUT = Future
applicability.

4. Discussion

The use of technological resources is postulated as one of the emerging trends in
Higher Education today. The arrival of tools such as AR has had an impact on the educa-
tional community, due to their didactic usefulness. Effective use of these resources will
undoubtedly promote an improvement of the current practice in the classrooms, which
will allow us to attract more students” attention towards the teaching subjects. As a result
of this idea, the present study aimed to test whether experimentation with AR has a real
influence on student motivation. As well as measuring whether the experimentation with
this type of resource encouraged receptive attitudes towards the future applicability of
technological resources on the part of the students, and whether these were different from
those students who were not participants in the experience.

In this line, data showed that experimentation with AR promoted a slight increase
in student motivation. In this sense, we continue in the line of research on contrasting
experiences about the application of AR and the increase in student motivation rates [27,29].
Furthermore, both the control group and the experimental groups agreed that the operation
of this resource is not an obstacle to its future applicability. With regard to this aspect, and
in view of the many studies that highlight the problem of the low level of digital teaching
skills seen in today’s teachers, the need to implement good practices with technological
resources becomes a necessity for higher education teachers [16]. Based on previous studies,
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this experience reflects the importance of the implementation of AR to elucidate the possible
didactic paths of AR in primary education classrooms [18]. With the procedure exercised
in this experience, it has been intended that students do not limit themselves to imitating a
certain example but that, through discovery, they can create their own digital content, thus
improving skills such as creativity and the ability to innovate [31].

On the other hand, despite the fact that not all students participated in the experimen-
tation, the research yielded surprising results regarding the perceived utility towards AR
by the control group, which showed slightly more favorable rates than the experimental
groups. This result allows us to analyze the idea about the power of capture that AR has
been able to provoke in the students of this group, and of the didactic possibilities that
they find in it. There is no doubt that, in the current context, technology has a great power
to attract young people and, therefore, introducing it into the classroom in a responsible
manner and with pedagogical objectives can facilitate the teaching-learning process [26].

The application of the T-test corroborated the previous idea, stating that there were
no significant differences between the means of the control group and the experimental
groups. Therefore, despite the practice experienced by the students of the experimental sets,
and as well as the slight improvement shown in the previous analysis, it is not sufficient to
be able to extrapolate it as significant. However, the ANOVA analysis allowed us to locate
significant differences between the means of the two experimental groups regarding the
perceived utility towards AR. To elucidate this question, the results obtained in Tukey’s
test allowed us to conclude that at least one of the variables of perceived utility presented
differential means in the two groups that carried out the practical experience. Therefore,
and in response to the question raised by the study, previous experimentation with AR has
not had a significant influence on students’ attitudes towards the future applicability of
technological resources. This idea has turned out to be contrary to that inferred by other
studies [30].

Finally, the correlative analysis extracted some relationships between the sets of
variables that made up the study, such as the strong link observed between perceived utility
and future applicability. These are variables that undoubtedly increase the importance of
teachers providing new and useful resources that attract the attention of students. Similarly,
the high level of correlation obtained between future applicability and motivation, as
well as between motivation and perceived usefulness towards AR, made it possible to
corroborate this idea and to emphasize the link between functional education and the
motivation index [31].

5. Conclusions

The implementation of technological resources in higher education classrooms is
beginning to be consolidated as a practice that improves student motivation. Through this
paper, we have tried to continue strengthening the path towards educational innovation
within the classrooms, betting on an education that is updated to the current context from
the application of mobile computing.

The results of this research made it possible to determine that the implementation of
resources such as AR does not differ in their perception (RQ1). Likewise, future teachers in-
volved in research have perceived in the AR a powerful resource whose didactic usefulness
is considerable (RQ2). In this way, they present a favorable attitude to the applicability of
technological resources in the near future, although no significant differences were found
between groups (RQ3).

Regarding the limitations of the study;, firstly, there is the course of practical experience,
which could have been greater, but the density of the subject did not allow the duration to
be extended. In addition, the selection criteria of the students who made up the treatment
groups were established by the authors by convenience sampling. As for future lines of
research, it is advocated to continue sharing experiences of good teaching practices with
mobile devices to compile a solid body of research that favors the measurement of the size
of the overall effect, to check its true effectiveness.
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In conclusion, the line of work that aims to carry out the integration of learning
technologies in the Higher Education stage should be continued. Specifically, mobile
learning is an opportunity to advance teaching and learning, since future teachers find
mobile devices attractive and show favorable attitudes towards teaching that incorporates
these resources that they can later implement in the classroom. Furthermore, university
administrators can organize training programs in emerging technologies for instructors
on augmented reality, virtual reality and the use of mobile devices in the classroom, so
that active ICT training policies are generated, with the aim of training university teachers
and providing the institution with resources. Thus, it will be possible to advance in the
technological development of schools and society. In turn, data is collected in this study
with which teachers could consider the AR applied in the classroom, without having
previously conducted experimentation with AR, as it has been shown that there is no
difference in motivation and positive perception of students’ previous use of AR.
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