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Abstract: Augmented reality (AR) is a technology whose presence has increased in the field of
education in recent years. However, its role in secondary education has not been thoroughly explored.
Therefore, this research aims to analyse the influence of AR on the motivation of students at this
stage while considering gender and previous information and communication technology (ICT)
experience. This research uses a quantitative methodology that follows Keller’s Attention, Relevance,
Confidence and Satisfaction (ARCS) motivational model. We implemented this instructional design
model for a sample of 321 students from the same educational centre. They were divided into
two categories: an experimental group (n = 159) and a control group (n = 162). The control group
were studied in a slide-based learning environment, while the experimental group worked with
an AR mobile application. For data collection, we used the Instructional Materials Motivation
Survey (IMMS). The results showed that the students who used AR displayed greater motivation,
highlighting great interest in the integration of this technology into the learning process. However,
no significant differences were obtained in the motivation of the students according to gender and
previous experience with the use of ICT. In conclusion, this research shows that the use of AR
improves motivation in secondary education.

Keywords: augmented reality (AR); motivation; gender; high school

1. Introduction

In the educational field, motivation as a quality in students in the teaching–learning
process has changed from having no relevance to becoming a crucial issue. This significant
difference has gradually introduced itself into the classroom, posing a great challenge
for educational centres and their bodies of teachers, students, and parents. However,
the challenge of capturing the attention and interest of students has become a significant
problem, since the latent neglect and apathy that the students demonstrate has grown
exponentially, especially in the educational stage of secondary education [1,2].

Motivation has had a long tradition in the field of psychology, where extensive sci-
entific papers assert the importance of this concept [3,4]. However, motivation has been
largely forgotten in the educational field until a few years ago. It is thus necessary to
understand its impact on the learning process [5].

In this sense, the teaching and learning process is a joint task by teachers and students,
in which the latter perform an essential task, which necessitates true motivation in order
to carry out the task [6]. This last point speaks to the current problem: poor levels of
participation and motivation, resulting in a drop in grades and an exponential growth
in school failure. The use of information and communication technologies (ICT) intends
to address this great challenge; in particular, the use of augmented reality (AR) as an
educational technology can incentivise students [7,8]. Thanks to the use of electronic
devices such as smartphones, tablets, and laptops, this educational technology can be
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introduced to facilitate interaction among students, producing a fun and enthusiastic
classroom environment [9].

For this reason, an AR mobile application was developed to present content and objects
in 3D through personalized graphic markers with the purpose of improving the motivation
of students in secondary education. This application, called ComputAR, consists of a
menu system on computers and their components, which is why it was implemented in
the ICT curricular subject. Its content includes a didactic unit on computer equipment
and hardware, and it fits perfectly with the proposal conducted. The students in the
experimental group used this application, while the control group worked with slides in
their learning environment. Finally, the students were evaluated based on the content
addressed thanks to the work conducted by different teachers who taught classes in both
groups. Based on the proposal of this study, we set the following aims:

1. Analyse if the degree of attention, relevance, confidence, and satisfaction evaluated
was influenced using AR.

2. Determine whether gender presents a significant difference in the motivation of the
students before the use of AR.

3. Ascertain if the students’ previous experience with the use of ICT has an impact on
their motivation when using AR.

Based on these aims, we propose the following hypotheses:

• Student motivation is influenced by using AR learning objects.
• Gender does not present a significant difference in motivation based on the use of AR.
• Students’ previous experience with the use of ICT leads to a significant difference in

their motivation before the use of AR.

This article is structured as follows. The Section 2 addresses the existing research
related to the work proposal, specifically the investigations that examine AR and the
motivation of secondary education students. The Section 3 presents the methodology
and the materials used. The Section 4 shows the results obtained from the data collection
questionnaires. The Section 5 discusses the hypotheses, and finally, the Section 6 develops
the conclusions based on a comparison of the proposed objectives and the results obtained.

2. Literature Review
2.1. Motivation as a Conditioning Factor in Education

The term ‘motivation’ comes from the Latin word motivus or mottus and means ‘cause
of movement’. This definition has been developed over the years based on the scope of
the work in question. Several authors refer to motivation as the force that produces a
certain behaviour in an individual when they intend to achieve a goal [10,11]. From another
perspective, motivation has been defined as internal situations that incite, direct, and carry
out behaviour towards a specific purpose [12].

Regarding the field of education, Moronta et al. [13] defined motivation as a state
in students that requires meditation and disturbance, reappearing and subsisting in the
students’ focus when conducting tasks during any of the teachings. This presupposes the
increased attention of the students, which takes place in each subject in the entire teaching–
learning process, producing the skills and abilities necessary to meet objectives [14]. In
addition, this state must be present in teachers and students since the involvement of one
party without the other is useless. In this way, teachers must dynamically develop both
the theoretical and practical parts [15], and students must work with the same impetus on
the activities or projects proposed to achieve certain goals [16]. Obviously, there is a close
connection between the objectives and the motivation of the students; depending on the
proposed goal, the motivation that a student presents can be of one type or another.

In the educational field, students show attitudes, feelings, and goals during the devel-
opment of the tasks or objectives that they intend to achieve. Meanwhile, teachers manage
the teaching and learning process not only through the design of didactic programs that
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include objectives, content, and skills but also with the role they play, which can produce
positive effects such as motivation [17].

Academic motivation is centred on three dimensions: the motivational component of
value, which reflects the hidden purpose when an activity is completed together with the
importance given by the students during the process of undertaking it; the motivational
component of the goals, which is related to the self-perception and convictions that the
students show based on their abilities; and the affective motivational component, which is
based on sensations and emotional responses (both positive and negative) in the students
when they achieve an objective [18].

Once the different existing motivations have been analysed and detailed, the most
relevant motivation theories must be cited wherever emphasis has been placed within
the educational field, and those that have a special connection with this field must be
identified. In this sense, a classification of the different motivational theories is made based
on four existing psychological perspectives based on motivation: biological, behavioural,
cognitive, and social. This categorization has evolved throughout history based on the
different reactions or emotions that have been perceived as intertwined in all types of
behaviours [19]. Currently, the biological and cognitive approaches mainly stand out due
to the large amount of in-depth research conducted on them [20].

Thus, motivation is the force that guides students to choose and carry out an activity
among all the possibilities that can occur on certain occasions, allowing for their expecta-
tions or goals to be reached. Therefore, this study approaches the analysis of motivation
through the ARCS model of Keller [21], which is based on the existence of both personal
and environmental singularities that act on motivation [22]. This instructional design
model is usually implemented in educational contexts where the use of virtual technology
prevails via conducting a quantitative analysis of its categories [22,23]. We conducted a
comparison between the experimental and control groups based on the evaluations issued
by the data collection instruments used.

2.2. Augmented Reality in Education

According to Cabero-Almenara and García-Jiménez [24] and Di-Serio et al. [25], AR
presents these typical characteristics:

• The combination of real and virtual objects in a real context using technological devices
• The interaction of physical and digital information in real time
• The alteration and enrichment of the real context
• Virtual information (can be audio, video, images, or 3D models)

The projection of virtual images on real-world objects can improve reality [26] thanks
to the simplification of the real context, since a better visualization of reality is obtained [27].
Another aspect to highlight is the possible alteration of the real world through virtual
content [28].

In this sense, the incorporation of new tools such as AR in the educational field
produces positive attitudes towards it, enhancing the interest of students [29,30]. This
educational technology offers a fantastic opportunity for use in the teaching and learning
process [31,32]. Likewise, the considerable number of new applications and software based
on AR, together with the advancement of 5G technology, has allowed for a greater and
better use of this technology in the educational field [33,34].

Regarding the motivation presented by students in relation to their gender, the in-
vestigations of [35,36] have affirmed that the behaviour presented by male students is
different from that presented by female students; therefore, there is a significant difference
in motivation with the use of AR. However, other authors suggest that the difference shown
is negligible [37,38].

Another factor to analyse is the student’s previous experience with the use of ICT. In
this sense, some investigations emphasize the influence of this variable on the motivation
presented by students [39,40]. Therefore, it is vital to understand the relevance of gender
and previous ICT experience when implementing the educational technology of AR in any
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of the educational stages [41,42]. It is crucial to more accurately assess if the evolutionary
stages of the human being influence the difference between genders in relation to the
motivation that students present when working with AR [43–45].

However, it is also necessary to mention some challenges that must be overcome
in order to properly implement the technology. The small number of studies that focus
on didactic use stand out [46], along with the small amount or absence of training that
teachers have on ICT, particularly on AR [47], as well as the insufficiency of innovative
and motivating experiences [48], the lack of resources and AR learning objects in certain
subjects [49], the lack of substantiation of theoretical models for their incorporation [50],
and the complicated labour situation that teachers face given the minimal logistical support
provided by their educational centres [51].

This study thus examines whether the use of AR in the teaching and learning process
improves the motivation of students in the secondary education stage. To do this, we intro-
duce the ARCS model by Keller [21], which is based on achievement motivation and tries
to connect student behaviours with knowledge so that goals can be achieved. According
to Keller [21], expectations are the mechanism that encourages and gives meaning to the
student during the learning process; motivation is linked to the activities to be conducted
and the success of their achievement. This model was developed for face-to-face environ-
ments that introduce the use of electronic devices [52–54] and is related to instructional
design with the purpose of improving the teaching and learning process for teachers and
students [55].

Based on these results, Lee and Hao [56] indicate that the ARCS model displays a
change in the traditional paradigm, where collaborative work is enhanced in motivational
learning environments, allowing teachers to integrate them into the classroom in search
of a satisfactory teaching method for students. Furthermore, they point out that this
model brings together teaching processes, motivation, instruction, multimedia applications,
questionnaires, and evaluation.

It is worth highlighting the large number of studies that reflect the effectiveness of
the ARCS model applied to different real learning contexts—for example, the research
carried out by Loorbach et al. [57]. Most of these investigations were brought together
in the literature review carried out by Li and Keller [58], where the educational stages of
primary, secondary, university, and technical schools were addressed.

Finally, Amores et al. [7] carried out a systematic review of the literature, where they
compile research that had theoretically supported the ARCS model when it was used
with augmented reality in the field of education. This work highlights the differences and
limitations of the works analysed. Our investigation puts these circumstances to the test.

3. Methods
3.1. Participants

We conducted this research on a sample recruited for convenience; a total of 321 students
in the secondary education stage of the Colegio Cerrado de Calderón (Málaga), aged 14–17,
were assigned to an experimental group (159 students) and a control group (162 students).
All of the students who were studying the subject of ICT participated in this study, since it
combined a didactic unit on computer equipment and architecture as well as the computer’s
main components.

The reason as to why this sample was chosen is the lack of motivation that the students
presented in the secondary education stage, especially in the last courses of the compulsory
stage and in the first of the post-obligatory. Furthermore, the content addressed in this
research was developed in the subject of Digitalization, which was taught in the said
educational stage. This subject presented high levels of failure and low motivation rates,
since the students did not consider it very relevant.

Percentages by gender corresponded to 33.33% females and 66.67% males in both
groups. In addition, only 2.80% of the students had repeated a course, which was dis-
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tributed almost equally in both groups (four and five repeating students were in the control
and experimental groups, respectively).

Regarding the course of origin, 24.92% and 37.07% of the students were in the third
and fourth years of compulsory secondary education, respectively; 23.68% of the students
were in the first year of the baccalaureate, and 14.33% of the students were in their second
year of the baccalaureate.

We expected that some of the students would have important levels of knowledge
about innovative technologies. In this regard, 23.68% of the students showed that they had
previous experience with the use of ICT, while 76.32% said they did not. However, in no
case did the students experiment in the teaching process with mobile devices, much less
with the educational technology of AR. Table 1 shows the percentages of the participants
for the experimental and control groups.

Table 1. Percentages of students in the control and experimental groups according to previous
ICT experience.

Group Previous ICT
Experience

No Previous ICT
Experience

Control 23.46% 76.54%
Experimental 23.90% 76.10%

The percentages of ages of the participants are as follows: 29.60% were 14 years old,
33.96% were 15 years old, 21.49% were 16 years old, and only 14.95% were 17 years old.

Since all of the students were minors, pertinent permission was requested from
the research ethics committee of the International University of La Rioja (UNIR), which
favourably evaluated the research, with code PI:065/2022. After the necessary permits
were obtained, and in compliance with the legal system, informed consent was given
by the parents/mothers/legal guardians where voluntary, anonymous, and disinterested
collaboration was requested. In addition, ethical procedures constantly adhered to the
standards of the Declaration of Helsinki.

Additionally, personal data were collected according to Organic Law 3/2018 on the
Protection of Personal Data and Guarantee of Digital Rights, such as information associated
with the existence and occupation of the participants but never related to their identity
(name, surname, ID, etc.). Specifically in this regard, they were asked for data relating
to the variables of sex, age, group class, and type of student (repeater or non-repeater).
However, no participant generated a personal ID, as it was not required for the research.

In relation to the data collected through the Microsoft Forms application, their anonymity
was guaranteed by eliminating the Internet Protocol (IP). Anonymity was guaranteed among
all the databases that may have been involved in the process, making it impossible to know
who answered the online set of questions. Moreover, the data were housed independently
from those of the institutions participating in this research. In this way, the anonymity
of the databases was absolute. Microsoft Forms for online surveys adheres to the highest
quality standards in terms of security and data protection, as can be seen in its own security
policy, which complies with European and Spanish regulations.

Finally, to avoid possible biases, the questionnaires were carried out in digital format
in the Computer Room, where each student had a computer. The students accessed these
questionnaires through their education domain emails to guarantee the sending of a single
response. However, given the configuration of the form, the email from where it had been
sent was hidden, thus guaranteeing anonymity.

3.2. Methodology and Instruments

This research uses a quantitative methodology. This type of method designs all the
aspects of the study before data collection, given that the independent variable cannot be
altered. A quantitative methodology offers an empirical–analytical approach based on the
mean and the standard deviation of the answers.
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To understand the impact of the use of AR in a learning process about motivation,
we only conducted a quasi-experimental study of a post-test with the experimental and
control groups. This was intended to compare both groups, as it was the best way to reveal
the influence of this educational technology on secondary education students. For this, we
used an instrument called the Instructional Materials Motivation Survey (IMMS), included
in Keller’s ARCS model [21]. Students from both groups completed this questionnaire
once the experiment in question finished. Again, it is important to emphasize that the
experimental group used AR in the teaching and learning process, while the control group
worked in a slide-based learning environment.

To address the external variables of gender and previous ICT experience, we con-
ducted a study of correlations between the motivation presented by the students and
these variables. This type of study is essential to respond to the objectives set out in the
research [59].

To find out if the distribution followed was normal, the corresponding Kolmogorov–
Smirnov or Shapiro–Wilk test was performed on each of the groups according to the number
of members. Finally, for the data that did not follow a normal distribution, we used the
non-parametric test, the Mann–Whitney U test, since it involved two independent groups.
Given that some data present a normal distribution, the student’s parametric t-test for the
independent samples was performed.

The IMMS allows us to ascertain the situation of people when they react to instructional
materials. It consists of thirty-six items that are grouped into four dimensions in the said
model (attention, relevance, confidence, and satisfaction) and is developed through a Likert-
type scale, where 1 means ‘totally disagree’, 2 means ‘disagree’, 3 means ‘neutral (neither
disagree nor agree)’, 4 means ‘agree’, and 5 means ‘totally agree’.

This instrument has been endorsed and used in a multitude of investigations, some
of them closely related to this project [57,60,61]. All of these authors concluded that the
IMMS must be adapted to the characteristics of the students and the instructional program
of each investigation.

In addition to these investigations, this questionnaire has been applied to other projects
that are more intricately linked to this work. Notably, it has been used to examine the degree
of motivation of students when using different technologies such as video games [62],
videos in virtual training [63], MOOCs [64], and AR [65–72].

Given these considerations, we adapted the questionnaire to the educational tech-
nology used and to the diverse groups that were part of the research (experimental and
control). We also adapted both questionnaires to the profiles of the secondary education
students, since this provided greater credibility and validity to the research [25].

We applied Cronbach’s alpha statistic to both questionnaires to test the validity of
the instrument once the modifications regarding the educational research technology were
made to the original. First, we analysed the questionnaire applied to the control groups;
Cronbach’s alpha was 0.857, which translates into extremely high reliability. In addition,
we calculated Cronbach’s alpha for each of the dimensions of this questionnaire. Table 2
shows the data obtained and reflects how the scores of the dimensions are greater than or
equal to 0.7, which translates into good reliability.

Table 2. Cronbach’s alpha for each dimension (control group).

Dimension Cronbach’s Alpha

Attention 0.705

Relevance 0.702

Confidence 0.700

Satisfaction 0.701
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Second, we analysed the questionnaire applied to the experimental groups; Cron-
bach’s alpha was 0.901, which translates into extremely high reliability. We also calculated
Cronbach’s alpha for each of the dimensions of the questionnaire. Table 3 shows the data
obtained and reflects how the scores of the dimensions are higher than or close to 0.7, which
translates into high reliability.

Table 3. Cronbach’s alpha for each dimension (experimental group).

Dimension Cronbach’s Alpha

Attention 0.800

Relevance 0.731

Confidence 0.664

Satisfaction 0.702

We also performed an item–total correlation to analyse whether, by removing any item,
the reliability of any of the IMMS questionnaires (control and experimental) improved. We
confirmed that the high reliability value of the two questionnaires would not be significantly
affected by removing any of the items.

Finally, we applied an item–total correlation to each of the dimensions to discover
whether the reliability index of the different dimensions improved if any item was elimi-
nated. The results obtained in each of the dimensions did not show significant improvement
in the reliability of the IMMS instruments analysed; therefore, we decided not to eliminate
any item from the dimensions.

The complete questionnaires are thus supported, since applying the statistic to the
different instruments in general, to the dimensions, and to the respective items would not
significantly improve their reliability if any element were to have been removed.

Data collection was carried out in the last scheduled session for both the experimental
and control groups.

3.3. Materials and Procedure

Given the nature of this research, we used Keller’s ARCS model [21], which is a
guide for the development of didactic materials that favours the efficient performance
of its phases and promotes an evaluation through student feedback. Furthermore, we
considered an instructional design model for the analysis of student motivation [73]. The
four components of this model (attention, relevance, confidence, and satisfaction) provide
optimal and necessary conditions for learning, thus granting it recognition as an educational
model [22]. The ARCS model by Keller [21] considers the following phases: analysis, design,
development, and pilot, as shown in Figure 1.
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Figure 1. Investigation phases.

In the analysis phase, the existing problems were found in relation to the research
proposed, and a systematic review of the existing literature was developed based on
the proposal of Kitchemhan [74]. According to the cited authors, this protocol requires
an exhaustive, objective, and reliable general description, which is governed by defined
and strict steps. Finally, the research design was chosen, emphasizing the selection of
technological tools that allow for the visualization of AR objectives, content, and the
information collection instruments necessary to conduct the investigation.

In the design phase, the content, materials, and mobile application to be implemented
in the classroom, as well as the instruments for data collection, were selected and projected.
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It is important to emphasize that the phase began by designing the necessary material
for the control group, which was later translated for the AR mobile application used in
the experimental group. The presentation designed combined all of the content of the
didactic unit: the concepts, the activities, and the exercises. However, the proposed mobile
application only contained the theory; therefore, activities and exercises were managed
through the Microsoft Teams educational platform. Finally, the motivational questionnaires
for the instructional materials were designed, guaranteeing the anonymity of the students
and the protection of their data using the Microsoft Forms tool.

In the development phase, the necessary resources and materials were built to conduct
the educational experience in both the experimental and control groups. In addition,
the data collection instruments were developed. These were the instructional material
motivational questionnaires (IMMS), for which Cronbach’s alpha was calculated in order
to confirm their reliability.

Regarding the creation of the control group materials, the Microsoft PowerPoint appli-
cation was used for the theoretical content and the activities or exercises. The students used
OneNote, OneDrive, Genially, Canva, and PowerPoint. These programs were combined
with the Microsoft Teams platform, which allows for the integration of these tools.

For the experimental group, the AR mobile application ComputAR was developed
using the Vuforia Engine software platform (version 10), which supports this educational
technology and is based on graphic markers and functionalities such as virtual buttons. This
software was combined with the Unity 3D development environment (version 2019.4.1f1),
Android Studio (version 2021.2.1), and Virtual Studio 2019, giving it spectacular power for
creating AR assets. Additionally, 3D objects were used from free repositories, promoting
the use of open educational resources (OER). Finally, we opted for the creation of graphic
markers through code, giving it greater customization. Figure 2 shows the code that was
developed to the needs of this research.
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ComputAR was developed for the Android operating system and consists of a menu
system on computers that project objects in AR through graphic markers, as shown in
Figure 3.

To view each of these devices, it was necessary to press any button and capture the
associated graphic marker. Figure 4 shows a 3D model of the computer in question.

The students worked on the components of a computer using the hardware menu,
which provided a brief explanation of the components and an AR visualization.

Finally, the pilot phase brought the classroom implementation, the data collection in
October–December 2022, and the subsequent evaluation together. Since the content and ma-
terials are identical in both groups, the session schedule was the same, except for one extra
session in the experimental group for the installation and use of the ComputAR application.
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Regarding classroom implementation, a timeline of the different computers high-
lighted their characteristics and impact. A digital artefact was created in which the back-
ground was an image of an open desktop computer, incorporating the definitions and
images of the different components of a desktop computer in their correct place. Finally, a
presentation was designed; each slide needed to include a part and accessory of the desktop
computer along with technical specifications, price, the web address of the product and
image, and total budget. This last piece needed to be shown in class so that the students
could become salespeople for the very computer they had designed.

The strategies were chosen in order to meet the objectives proposed. Using an active
methodology, the teacher created motivating conditions for students to become involved
in the learning process, based on their cognitive abilities and at their own pace. Some of
the instructional techniques used were brainstorming for the introduction of the content,
analysing cases for the different machines and computers, and making an interactive
presentation. In the motivational strategies section, the use of real-world examples and
research was encouraged to enhance student attention. In addition, the communication
of objectives and prerequisites and future usefulness was introduced to improve student
confidence and relevance. Finally, they were given control of their learning with the
purpose of seeking positive results for their personal satisfaction.

Table 4 shows the instructional design for the students who formed the experimental
group. The duration of each session was 60 min.
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Table 4. Sequencing for the experimental group.

Sessions Experimental Group

Session 1 Install and manage the ComputAR application
Brainstorm about computers

Session 2
Research and write the necessary information (origin, historical influence,
characteristics) about machines and computers using the OneNote
collaborative tool

Sessions 3–4 Develop a timeline that shows the 3D images of the different machines and
computers using the Canva tool

Session 5 Explain the components of a computer using the ComputAR application

Sessions 6–7 Make an interactive infographic that shows the concepts and pictures of the
components using Genially

Sessions 8–9
Design a presentation that shows the different components with their
technical specifications and prices as well as an image of the product using
the PowerPoint tool

Session 10 Give presentations from a business point of view for 3–5 min

Session 11 Complete the Instructional Materials Motivation Survey (IMMS)

For data collection, the questionnaires were applied using a form on the network
to later analyse and interpret the data obtained. Based on these data, we conducted
a validation process of the instruments, obtaining elevated levels for Cronbach’s alpha
(specifically, 0.863 for the control group and 0.901 for the experimental group).

Finally, an analysis of the different measurement instruments elucidated the veracity
of the hypotheses to verify the achievement of the objectives set and reveal the influence
of AR on the motivation of students. We conducted a discussion and formed conclusions
based on the results obtained, which reveals the success of the proposal and indicates
future lines of research.

4. Results

This section describes the analysis of the data obtained in the IMMS that was used for
this research. These instruments were used for both groups (control and experimental);
therefore, it was necessary to verify the differences or similarities that they presented
through the respective hypotheses. The analysis was conducted using the Excel software
(version 2019) and the SPSS program (version 26).

4.1. Results of the Post-Test Study

This method develops a series of checks based on the motivation dimension. First,
we show the descriptive results of the differences between the IMMS questionnaires of
both groups. These are later used to perform the respective normality control with the
Kolmogorov–Smirnov test. Next, we conduct a series of hypothesis contrasts based on
the means of the questionnaires for both groups. Finally, we obtain the correlations of the
results in the complete questionnaire and in each of the dimensions, and we examine the
variables of gender and previous experience with the use of ICT. This process is applied
to both the control and experimental groups to ascertain whether there is a significant
difference in the motivation of the students in the two groups.

4.1.1. Statistical Analysis

This procedure compares the differences registered among the dimensions of attention,
relevance, confidence, and satisfaction of the IMMS questionnaires according to the group.
Table 5 shows the results of the dimensions based on the means and standard deviation.
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Table 5. Descriptive statistics of the IMMS instrument.

Item Research Mean Typical Deviation

IMMS
Control 3.457 1.1051

Experimental 4.054 0.8660

Attention
Control 3.461 1.0428

Experimental 4.077 0.8522

Relevance
Control 3.248 1.1181

Experimental 4.008 0.8726

Confidence
Control 3.593 1.1521

Experimental 4.014 0.8959

Satisfaction
Control 3.563 1.0888

Experimental 4.141 0.8304

The scores obtained for the complete IMMS questionnaire reflect that the experimental
group agrees with the different items raised; however, the control group is closer to the
neutral position, neither agreeing nor disagreeing. This is because the mean obtained in
the questionnaire completed by the students who developed their learning with the AR
educational technology (4.054) was higher than the mean of the control group (3.457). This
difference between the groups is reflected quantitatively with a value of 0.597. However, it
is important to emphasize that both groups experienced motivation during the teaching
process; the results of their averages are high.

These results reveal differences between the means of the dimensions of the IMMS
questionnaire for both groups. The confidence dimension obtained a mean value of 4.014 for
the experimental group. This shows that the students agreed with the items that comprised
this dimension. For the control group, the mean value of this dimension was 3.593, which
means that the students slightly agreed. The difference between the confidence shown by
the students who worked on the ComputAR application and that shown by the students
who learned with slides was 0.421.

Regarding the dimension of attention, the difference between the means of the exper-
imental and control groups was 0.616. The students who learned through AR indicated
that they agreed with the questions raised for this item; the average value was 4.077. The
students who learned using slides were above neutral—that is, they neither agreed nor
disagreed, but they were closer to agreement, since the mean value corresponded to 3.461.

Finally, the dimensions of satisfaction and relevance showed a mean difference of
0.578 and 0.760, respectively. Regarding satisfaction, the students of the experimental group
stated that they agreed with the items of this dimension; the mean value was 4.1405. The
students in the control group only slightly agreed (mean value of 3.563). The relevance
dimension reflected greater motivational distance between the groups, since the students
who worked with AR indicated that they agreed with the questions raised (mean value
of 4.008). However, the students in the control group stated that they agreed, albeit very
slightly (but also somewhat disagreed), with an average of 3.248.

All of the dimensions of the IMMS questionnaire in the experimental group obtained
a mean value above 4, and the satisfaction dimension achieved the highest value (4.1405).
Within this group, the dimension that had a lower mean value was relevant. These results
show that the students who worked with AR agreed with the issues raised. For the control
group, the confidence dimension had the highest mean value (3.593). As in the experimental
group, the relevance dimension obtained the lowest mean value for the control group. These
data show that the students who learned using slides slightly agreed. Meanwhile, the
standard deviation of the different questionnaires and of the dimensions shows a slight
variability in the responses of the students in the experimental and control groups.

We conducted the Kolmogorov–Smirnov test to verify the assumption of the normality
of the data. It was intended to evaluate the null hypothesis in cases when data come from a
normal distribution; otherwise, the alternative hypothesis, which shows that values do not
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come from a normal distribution, was chosen. Table 6 shows the values obtained from the
Kolmogorov–Smirnov test.

Table 6. Test of normality for means differences of the IMMS instrument.

Item Research Statistic df p-Value

IMMS
Control 0.064 162 0.009

Experimental 0.157 159 0.000

Attention
Control 0.061 162 0.200

Experimental 0.145 159 0.000

Relevance
Control 0.092 162 0.002

Experimental 0.130 159 0.000

Confidence
Control 0.116 162 0.000

Experimental 0.091 159 0.000

Satisfaction
Control 0.091 162 0.002

Experimental 0.142 159 0.000
Note: degree of freedom (df).

The results obtained reflect significance levels that are generally lower than 0.05.
Therefore, the alternative hypothesis that the data did not behave under the assumption of
normality was chosen. However, the IMMS questionnaire for the control group obtained
a significance value of 0.099; therefore, we accepted the null hypothesis; the data from
the control group followed a normal distribution. Likewise, the attention dimension for
this questionnaire was the only one that obtained a significance value greater than 0.05,
specifically 0.200. Therefore, the data of this dimension, corresponding to the IMMS
questionnaire of the control group, followed a normal distribution. These considerations
are especially important when making the corresponding comparison of hypotheses.

4.1.2. Application of Hypothesis Tests

From this descriptive study, we conducted an analysis of the contrasting hypotheses
raised for the IMMS questionnaires in both groups.

As the data did not follow a normal distribution, except in the IMMS questionnaire
and in the attention dimension for the control group, we used non-parametric tests. In the
case of non-parametric tests, we performed the Mann–Whitney U test, since it involved
two independent groups.

Table 7 shows the results obtained by performing this test based on the complete IMMS
questionnaire and the dimensions of attention, relevance, confidence, and satisfaction.

Table 7. Mann–Whitney U test for motivation in both groups.

Items Z U p-Value r

IMMS −11.075 3674.0 0.000 0.6181

Attention −10.272 4349.0 0.000 0.3785

Relevance −10.667 4024.0 0.000 0.5733

Confidence −6.782 7254.5 0.000 0.4553

Satisfaction −8.157 6121.0 0.000 0.5954
Note: effect size (r).

The results confirm that there were incredibly significant differences in motivation
(specifically in the dimensions of attention, relevance, confidence, and satisfaction) between
students who used AR as an educational technology and those who did not, since the sig-
nificance value was less than 0.05. On the other hand, the value of the effect size establishes
that the magnitude of the difference in means between the control and experimental groups
is large if greater than 0.5, and this case was 0.6181; therefore, it was high.



Electronics 2023, 12, 4715 13 of 24

For the global IMMS questionnaire and for the attention dimension, the student’s
parametric t-test is performed for the equality of means—where the t value, the degree of
freedom (df), the p-value (bilateral significance), and the effect size (r) are known—as the
data from the control group presented a normal distribution.

Table 8 below shows the data obtained by performing the student’s t-test for the global
IMMS questionnaire and for the attention dimension in both groups.

Table 8. Student’s t-test for motivation in both groups (attention dimension).

Items T df p-Value r

IMMS 12,927 319 0.000 0.6013

Attention 11,468 319 0.000 0.6469
Note: degree of freedom (df); effect size (r).

Again, these groups presented a significant difference in the overall IMMS question-
naire and in the attention dimension, since the significance value was less than 0.05—
specifically, 0.000. On the other hand, the value of the effect size for IMMS and for the
attention dimension establishes that the magnitude of the mean difference between the
control and experimental group is high if at 0.5, and this case was at 0.6013 and 0.6469,
respectively; therefore, when it exceeded this value, it was high. Therefore, the null hypoth-
esis about the equality of the mean values was rejected, and the alternative hypothesis that
shows the inequality of the mean values was accepted. In short, the results confirm the
existence of a significant difference in the global IMMS questionnaire and in the attention
dimension between the students of the experimental group and those of the control group.

4.2. Analysis of the Variable Gender

This procedure contrasts the differences between the genders of the students based on
the motivation shown in the IMMS questionnaire. For these purposes, Table 9 shows the
results of the measures of central tendency for the experimental group.

Table 9. Basic statistics according to the gender of the students.

Items Gender N Mean Median Typical Deviation

IMMS
Men 106 4.0312 4.1389 0.4154

Women 53 4.1006 4.1944 0.3555

Attention
Men 106 4.0480 4.1667 0.4560

Women 53 4.1336 4.2500 0.4766

Relevance
Men 106 3.9776 4.0000 0.4939

Women 53 3.9835 4.0000 0.4365

Confidence
Men 106 3.9853 4.0000 0.4572

Women 53 4.0713 4.1111 0.4209

Satisfaction
Men 106 4.1069 4.1667 0.5517

Women 53 4.2075 4.3333 0.4444

The values of the means and medians in the female students were higher than in the
male students, both in the global questionnaire and in the different dimensions (attention,
relevance, confidence, and satisfaction), which a priori shows that women presented a
higher level of motivation than men. The women experienced greater motivation for the
implementation of AR than the men. Nevertheless, the results obtained in the motivation
questionnaire for the experimental group showed elevated levels of motivation in both
men and women; they said that they agreed with the issues raised; therefore, the work with
the ComputAR application was incredibly positive.
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On the other hand, thanks to the Kolmogorov–Smirnov test, the assumption of nor-
mality was verified. Below, Table 10 shows the values obtained from this test for both men
and women.

Table 10. Kolmogorov–Smirnov test of normality for motivation (experimental group).

Items Gender Statistical df p-Value

IMMS
Men 0.168 106 0.000

Women 0.165 53 0.001

Attention
Men 0.175 106 0.000

Women 0.117 53 0.068

Relevance
Men 0.125 106 0.000

Women 0.119 53 0.059

Confidence
Men 0.088 106 0.041

Women 0.123 53 0.045

Satisfaction
Men 0.150 106 0.000

Women 0.121 53 0.052
Note: degree of freedom (df).

As a result of the data obtained, it was confirmed that they did not follow a normal
distribution except in the attention, satisfaction, and relevance dimensions. The level
of significance for women was higher than 0.05; therefore, the data followed a normal
distribution.

Finally, Figure 5 shows the differences in the means obtained in the IMMS ques-
tionnaire and in the different dimensions according to the gender of the students in the
experimental group.
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A priori, the results affirm that AR influenced the students who were part of this
research, since in all of the cases, they said they agreed with the questions raised.

Given that some data of the attention, satisfaction, and relevance dimensions for
women presented a normal distribution, parametric tests were used, specifically the stu-
dent’s t-test, for independent samples. For the data from the global IMMS questionnaire and
from the confidence dimension that did not follow a normal distribution, non-parametric



Electronics 2023, 12, 4715 15 of 24

tests were used—in this case, the Mann–Whitney U test—since there were two independent
groups (men and women).

Table 11 shows the data obtained by performing this test based on the complete IMMS
questionnaire and according to the gender of the students in the experimental group.

Table 11. Mann–Whitney U test for motivation according to gender.

Items Z U p-Value r

IMMS −0.869 2571.5 0.385 0.0689

Attention −1.347 2441.5 0.178 0.0793

Relevance −0.011 2806.0 0.991 0.1068

Confidence −1.001 2536.0 0.317 0.0618

Satisfaction −1.347 2597.0 0.436 0.0008
Note: effect size (r).

As the significance value was greater than 0.05 for both the IMMS questionnaire and
the different dimensions, the null hypothesis about the equality of the mean values was
accepted. On the other hand, the effect size value established that the motivation shown
among male and female students was very small, since all of the values were below 0.1,
except the attention dimension. In short, the results confirm that the men and women in
the experimental group did not show significant differences in the motivation developed.

Table 12 shows the data obtained by performing the student’s t-test for the attention,
relevance, and satisfaction dimensions in the experimental group.

Table 12. Student’s t-test for motivation according to gender (experimental group).

Items T df p-Value r

Attention −1.100 157 0.273 0.1848

Relevance −0.074 157 0.941 0.1938

Satisfaction −1.153 157 0.251 0.0124
Note: degree of freedom (df); effect size (r).

These results confirm that the attention, satisfaction, and relevance dimensions did
not present a significant difference according to the gender of the students. This statement
enhances the contrast of hypotheses conducted with non-parametric tests for these same
dimensions, confirming previous data. On the other hand, the value of the effect size was
similar to the result previously obtained, where a low value was presented. In conclusion,
the results confirm that there was no significant difference in the dimensions analysed
according to the gender of the students in the experimental group.

4.3. Analysis of the Variable Previous ICT Experience

This procedure contrasts the differences registered between the previous ICT experi-
ence of the students based on the motivation shown in the IMMS questionnaire. Table 13
shows the results of the measures of central tendency for the experimental group.

The values of the means and medians in the students who did not have previous
experience with the use of ICT were higher than those in the students who did, both in the
global questionnaire and in the different dimensions. This a priori shows that the students
who did not have previous experience with the use of ICT presented a higher level of
motivation than those who did. Thus, the students who had not used ICT experienced
greater motivation for the implementation of AR than the students who had used ICT.
Nevertheless, the results obtained in the motivation questionnaire for the experimental
group showed high levels of motivation in all of the students, regardless of whether or not
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they had previously used ICT; they stated that they agreed with the issues raised; therefore,
the work with the ComputAR application was very positive.

Table 13. Basic statistics according to the previous ICT experience of the students.

Items ICT
Experience N Mean Median Typical

Deviation

IMMS
Yes 38 3.9744 4.0000 0.3484
No 121 4.0794 4.1944 0.4088

Attention
Yes 38 4.0482 4.1250 0.4596
No 121 4.0854 4.1667 0.4659

Relevance
Yes 38 3.8882 3.9375 0.4046
No 121 4.0083 4.1250 0.4921

Confidence
Yes 38 3.8480 3.8889 0.3938
No 121 4.0661 4.1111 0.4501

Satisfaction
Yes 38 4.1184 4.1667 0.4728
No 121 4.1474 4.3333 0.5345

The verification of the assumption of data normality was conducted with the Shapiro–
Wilk test for the group of students who had previous experience with the use of ICT and
the Kolmogorov–Smirnov test for the group of students with no prior experience. This
is because the group that had previous experience in ICT comprised only 38 students.
These tests allowed us to contrast null hypotheses, where the data came from a normal
distribution, and alternative hypotheses, which showed that the values did not come from a
normal distribution. Below, Table 14 shows the values obtained from the Shapiro–Wilk and
Kolmogorov–Smirnov tests for students who had previous experience in ICT and students
who did not.

Table 14. Shapiro–Wilk and Kolmogorov–Smirnov tests of normality for motivation according to
previous ICT experience (experimental group).

Items ICT Experience Statistical df p-Value

IMMS
Yes 0.886 38 0.001
No 0.186 121 0.000

Attention
Yes 0.929 38 0.019
No 0.151 121 0.000

Relevance
Yes 0.941 38 0.044
No 0.123 121 0.001

Confidence
Yes 0.972 38 0.449
No 0.094 121 0.011

Satisfaction
Yes 0.912 38 0.006
No 0.148 121 0.000

Note: degree of freedom (df).

As a result of the data obtained, it was confirmed that they did not follow a normal
distribution; except in the confidence dimension, the level of significance for students who
did have previous experience was greater than 0.05; therefore, the null hypothesis was
accepted that these data followed a normal distribution.

Finally, Figure 6 shows the differences in the means obtained in the IMMS question-
naire and in the different dimensions according to the previous ICT experience of the
students in the experimental group.
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A priori, the results affirm that AR influenced the students who were part of this
research; in all of the cases, they said that they agreed with the questions raised. The lowest
cases were for the confidence and relevance dimensions, where the students who had
previous experience using ICT stated that they slightly agreed.

Since the data of the students who had previous experience using ICT for the confi-
dence dimension presented a normal distribution, the parametric test was used—specifically,
the student’s t-test. Since the rest of the data from the overall IMMS questionnaire and from
the different dimensions did not follow a normal distribution, non-parametric tests were
used—in this case, the Mann–Whitney U test—since there were two independent groups.

Table 15 shows the data obtained by performing this test based on the complete IMMS
questionnaire and the dimensions of confidence, attention, satisfaction, and relevance
according to the students in the experimental group, regarding previous experience with
the use of ICT.

Table 15. Mann–Whitney U test for motivation according to previous ICT experience.

Items Z U p-Value r

IMMS −2.086 1783.0 0.037 0.1654

Attention −1.068 2035.5 0.286 0.2313

Relevance −1.635 1896.0 0.102 0.0847

Confidence −2.916 1579.5 0.004 0.0592

Satisfaction −0.746 2115.5 0.456 0.1297
Note: effect size (r).

The analysis of the data referring to the motivation presented by the students in
the experimental group who had previously used ICT and those who had not indicates
that, once AR had been applied as a learning tool, they presented significant differences
according to previous experience with the use of ICT both in the global IMMS questionnaire
and in the confidence dimension. Therefore, the null hypothesis was rejected, showing that
there was no equality in the values of the means. In this sense, the value of the effect size
between these groups of students was moderate both in the IMMS questionnaire and in the
confidence dimension, since their values were between 0.1 and 0.3.

Meanwhile, the data analysed for the attention, satisfaction, and relevance dimensions
did not present significant differences depending on the students who had previously
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experimented with ICT and those who had not, since the significance value was greater than
0.05. Therefore, the null hypothesis about the equality of the mean values was accepted.

In conclusion, the results confirm that both the global IMMS questionnaire and the
confidence dimension demonstrated relatively high and significant differences between
students who had previous experience with the use of ICT and those who did not. How-
ever, for the attention, satisfaction, and relevance dimensions, these differences were not
significant between these groups, as has been verified.

Table 16 shows the data obtained by performing the student’s t-test for the confi-
dence dimension according to the students in the experimental group, regarding previous
experience in ICT.

Table 16. Student’s t-test for motivation according to previous ICT experience (experimental group).

Items T df p-Value r

Confidence −2.682 157 0.008 0.4890
Note: degree of freedom (df); effect size (r).

These results confirm that the confidence dimension presented a significant difference
according to students’ previous experience with the use of ICT. This statement enhances
the contrast of hypotheses conducted with non-parametric tests for the confidence dimen-
sion, since they confirmed previous data. The null hypothesis was rejected by obtaining
significance values lower than 0.05. In this sense, the effect size value had a value close to
0.5, which is considered high. In short, the results confirm the existence of a significant
difference in the confidence dimension according to the students of the experimental group,
regarding previous experience with the use of ICT.

5. Discussion

This section discusses the analysed results with the purpose of evaluating and verify-
ing the hypotheses proposed as well as the objectives set in the investigation.

5.1. Student Motivation Is Influenced Using AR Learning Objects (H1)

Regarding the descriptive results of the different items of the IMMS questionnaires for
both groups, they were demonstrated to have a positive trend according to the evaluations,
which indicates that the two experiences that were implemented turned out to be positive.

Secondary education students who took part in the experimental group and who
used the ComputAR application based on AR learning objects demonstrated a higher
level of motivation than the students in the control group who worked in a slide-based
environment. This indicates that AR technology creates greater motivation in students,
confirming the results of other research that goes along this line [67].

In general, the scores obtained for the complete IMMS questionnaire reflect that the
experimental group agreed with the different items raised; however, the control group was
closer to the neutral position, neither agreeing nor disagreeing. This is because the mean
obtained in the questionnaire completed by the students who developed their learning
with AR educational technology was higher than the mean of the control group. However,
it is important to emphasize that both groups experienced motivation during the teaching
process, since the results of their averages are high, coinciding with other studies where the
control and experimental groups were analysed [25,70]. Therefore, these results verify the
first hypothesis proposed in this research.

The students who used AR as a teaching tool demonstrated a high degree of motiva-
tion, both globally and in each of the dimensions that comprised the IMMS questionnaire.
This instrument for collecting information made it possible to gauge the impact of this
educational technology on the attention, relevance, confidence, and satisfaction manifested
by the students. These results are in line with findings in other studies and confirm that
AR is an especially useful tool for the teaching and learning process [25,50,68,72].
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Lastly, the students who worked on AR emphasized that they agreed with the issues
raised. On the contrary, the data from the control group demonstrated that the students
who based their learning on slides slightly agreed. Nonetheless, the standard deviation of
the differently completed questionnaires, as well as their respective dimensions, showed
slight variability in the responses of the students in the respective experimental and control
groups. In this way, there was a significant difference in motivation—more specifically
in the dimensions of attention, relevance, confidence, and satisfaction—shown by the
students who used this educational technology and those who based their learning on
slides. Verification by contrasting the hypotheses of the mean differences obtained for
overall motivation and for the different dimensions between both groups shows high
significance caused by the use of AR. These results are in line with those of other studies
where the use of AR improved student motivation [8,36,69]. The first proposed objective
was thus met, since, with this study, it was possible to analyse whether the degree of
attention, relevance, confidence, and satisfaction were influenced using AR.

One implication of this study is that students in the secondary education stage should
work with educational technologies, such as AR, that promote interaction, dynamism,
innovation, and interest. Combined with active methodologies, these technologies produce
a multiplying effect on the motivation experienced by students in the teaching process.

5.2. Gender Does Not Present a Significant Difference in Motivation Based on the Use of AR (H2)

This investigation examined the influence of AR on the motivation of secondary school
students. It also intended to analyse whether these factors showed significant differences
based on the gender of the students. For this, it was necessary to include the variable in the
questionnaires; the experimental group comprised 66.67% men and 33.33% women.

The results for the students in the experimental group, once AR was used in the
classroom with reference to the IMMS questionnaire, showed that men and women did not
present significant differences according to gender in any of the dimensions of attention,
relevance, confidence, and satisfaction. Therefore, gender does not present a significant
difference in motivation when AR is used. These results align with those obtained in other
studies [37,38] and therefore verify the second hypothesis.

In conclusion, the second proposed objective was met; the results reveal that gender
does not present a significant difference in the motivation of students when using AR in
the teaching process.

Despite this, the mean values in the female students were higher than in the male
students, both in the global questionnaire and in the different dimensions (attention,
relevance, confidence, and satisfaction). In this way, women experienced greater motivation
for the implementation of AR than men.

The second implication involves the teachers who teach classes in the secondary
education stage. In theory, education professionals should not consider the gender of
students when implementing AR in the classroom. However, the students should always
be analysed, since on certain occasions, there may be differences in the cognitive process
between male and female students.

5.3. The Student’s Previous ICT Experience Presents a Significant Difference in Their Motivation
before the Use of AR (H3)

It is reasonable to assume that, with the number of technological devices that students
use in their daily lives, they have used ICT in their educational experiences. However,
this statement is called into question, given the exceptionally low levels of use of these
technologies in the classroom, where only 24% of students incorporate their use. Even so, it
is relevant to know what impact this variable has on the motivation of the students.

The data referring to the motivation presented by the students in the experimental
group who have previously used ICT and in those who have not showed a significant
difference, both in the IMMS questionnaire and in the confidence dimension. Meanwhile,
these differences are not significant between these groups for the attention, satisfaction,
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and relevance dimensions. Therefore, these results partially verify the third hypothesis of
this investigation if the dimensions of the IMMS questionnaire are considered. However,
in a generic way, motivation does present a significant difference with respect to previous
experience with the use of AR, which verifies the third hypothesis.

The students who had not used ICT experienced greater motivation for the implemen-
tation of AR than the students who had used ICT. Nevertheless, the results obtained in the
motivation questionnaire for the experimental group show high levels of motivation in
all of the students, regardless of whether or not they had previously used ICT, since they
stated that they agreed with the issues raised. Therefore, the work with the ComputAR
mobile application was very positive.

Regarding this point, students who had previous experience with the use of ICT and
those who did not showed various levels of motivation, especially in the confidence that
the use of AR produced in them. However, the attention, satisfaction, and relevance shown
by the students were not altered by previous experience. These data align with the findings
from other investigations [39,40,42]. In short, the third objective—to know whether the
student’s previous experience with the use of ICT has an impact on their motivation when
using AR—was met.

The third implication highlights the concept of the digital native—that is, current
students who have used technological devices from an early age; however, this has not
been integrated into the teaching and learning process. This fact affects the motivation and
interest shown by students in the classroom; therefore, it is necessary that such technologies
be introduced correctly and efficiently.

In short, AR is an innovative and fun tool, ideal for the teaching and learning pro-
cess, since it makes it easier for them to undertake class activities. Additionally, the
ComputAR application has been positively valued for its ease of use and its simple and
attractive design.

6. Conclusions

Regarding the degree of attention, relevance, confidence, and satisfaction shown by
students based on the use of AR, this research shows that this educational technology has
a great influence on the dimensions mentioned, producing a high degree of motivation
among students. Other studies where AR has been used in the classroom with students of
the same age group have obtained similar conclusions [66–68,71,72].

Likewise, this study demonstrates the non-existence of significant differences in moti-
vation and in the different dimensions of confidence, attention, relevance, and satisfaction
between the students of the experimental group, who experienced using the ComputAR
application and graphic markers, and the students from the control group, who worked
in a slide-based learning environment. Other authors have advanced this finding in their
studies with AR [25,65,69,70].

Therefore, AR is a highly recommended tool for the teaching and learning process,
since it is an innovative technology that can help students understand abstract concepts in a
more dynamic and fun way. In addition, augmented reality is ideal for working on subjects
such as physics, biology, history, and technical drawing, since it provides a spatial vision
of objects that facilitates visualization. Finally, this technology provides students with the
possibility of carrying out activities and tasks in an attractive and intuitive way [40,68,71].

Regarding the predictor variables used in this research—gender and previous experi-
ence with the use of ICT—the results obtained regarding the motivation of students who
used AR in their educational experience demonstrate the following conclusions:

• There are no significant differences in the motivation of the students in the experimen-
tal group according to gender—neither in general nor in each of the dimensions of
confidence, attention, satisfaction, and relevance.

• There are significant differences in motivation, particularly in the confidence dimen-
sion, for the students of the experimental group according to their previous experience
with the use of ICT.
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• There are no significant differences in the attention, satisfaction, and relevance dimen-
sions shown by the students of the experimental group according to their previous
experience with the use of ICT.

When addressing this research, a series of limitations have been found that have made
it difficult to achieve the different objectives set. These limitations are set out below:

• The variety of mobile devices (smartphones and tablets) presented by the students who
have been part of the research made verification and version control of the ComputAR
augmented reality application an arduous and tedious task.

• The lack of free, quality 3D objects limited their inclusion in the ComputAR mobile
application.

• The impossibility of introducing audiovisual content into the ComputAR application
occurred because in-person training was followed.

• The little-to-no training of teachers regarding this educational technology led to a
complex internal training process.

• There was notable difficulty in carrying out interviews with minor students; conse-
quently, taping recordings and carrying out one-on-one interviews was an impediment.

Future studies might make use of 3D identification screens for AR. Students’ learning
motivation can be increased by introducing different sensory experiences to boost focus
in the classroom. Future research should incorporate AR into other kinds of board games
in order to maximize these impacts on knowledge acquisition. Finally, we advise future
studies to include learner interviews to gain a deeper knowledge of how AR integration in
health education board games affects learning outcomes and learning emotions. Qualitative
data would further illustrate detailed improvements in students’ understanding of health
education and in the emotions of learning. It would also help disclose the precise feelings
students have when participating in AR-based health education.
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